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PREFTACE

The countryside is changing - but how quickly and
in what ways? This series of ‘Countryside 1990
reports gives an up-lo-date and comprehensive
picture of the current state of the countryside and
recent changes in it. The series is based on ihe
programme of work sponsored by the Department
of the Environment and associated with
Countryside Survey 1990. By combining for the
first time pioneering techniques in satellite image
analysis and detaled ecological field survey. the
study provides a comprehensive overview of land
cover. landscape features and habitats in Great
Britain. The information from this programme will
be central to the evaluation and development of
Government

Tre Environment White Paper ‘This Common
Inheritance’ and the Department of the
Environmeni’s paper on ‘Action for the
Countryside' have reviewed the Government's
policies for the countryside. These policies and
related imnatives concentrate on act:on to maintam
a prosperous economy and thriving cemmunities
in the countrys:de, to protect and enhance the
landscape, to provide for public enjoyment of the
countryside, and to protect and conserve wildlife.
They are not put forward in 1solation but are firmly
based on principles presented in the White Paper
Two of these are particularly relevant here: the
need 1o base polictes on the best evidence and
analysis available; and the need 10 inform publc
debate by ensuring the publication of facts This
series of reports reflecis the Govermment's
commtment to these principles.

Whilst Countryside Survey 1950 is primarily a
foundation for the future, it also provides an
analysis of changes in the lan¢ cover and
vegetation of the British countryside between in
1978 and 1990. Some of the changes which this
study describes are a matter of public concern and
the Government has already taken action to
address them The causes of some of the other
changes identibed are complex and not fully
understood, and more work wil be required to
assess therr significance.

'‘Countryside Survey 1990 - Main Report’, the
second volume in the series, presents the main
results of this innovative survey of the British
countryside. The repeon includes details about the
stock, distribution of. and recent changes in the
land cover. landscape [eatures, vegetation, soils
and freshwater animals. The data collected form a

baseline against which future changes in the
couniryside can be measured and the effect of
Government policies evaluated. Counryside
Survey 1920 will make an important contribution to
the UK Strateqgy for Sustainable Development and
the UK Biodiversity Action Plan.

This Main Report is accompanied by a non-
technical Surnmary Report which is available from
the Depanment of the Environment.
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EXECUTIVE SUMMARY

Introduction

1

Countryside Survey 1990 (CS1990) is one of
the most comprehensive surveys of the
British countryside that has ever been
carried out. It1s also the £rst survey to be
based on the integration of information from
satellite imagery and tradit:onal field survey
methods The primary aims of the survey
were 1o provide information on the stock of
land cover, landscape features and habitats
n Great Britain (GB) in 1990. to idenii’y
change in these by reference to earlier data.
and to establish a new baseline for the
measuremert of future change. Although
some aspects of the survey include urban
areas, the main focus was on the rural
envirorcment

The survey was undertaken by the Institute of
Terrestrial Ecology (ITE) and the institute of
Freshwater Ecology (IFE). and principal
funding was provided by :he Department of
the Environment (DOE), the Department of
Trade and Industry (DTI), the British Naticnal
Space Centre (BNSC). and the Natural
Environmert Research Council (NERC).
Additional furding was provided by the
former Nature Conservancy Ceouncil (NCC).

The British countryside is complex; CS1990
cembined detailed recording of species and
landscape features, together with a census of
the principal land cover in GB. For the first
time. these were integrated by co-ordinating
field survey with satellite imagery or: a
national scale. The former provided
information on the quality of habitats,
whereas the latter enabled information to be
collected from & complete national coverage
of broader land cover categories. The
prunary output of the survey was 4 data base,
bul the main oblective cf this report is to
convey the principal findings of 1nitial
analyses of these data. The Countryside
Information System (CIS), a computer-based
system, has been developed to enable ready
access 1o more detalled results.

Methods

4

The field survey methodology was
developed during orevicus baseline surveys

carried out by ITE in 1978 and 1984, and the
[FE methodology was tested in a pilot study
1in 1988. During the same period. techniques
for classifying satellite imagery to provide
information on land cover classes were being
developed in [TE. As a method of linking
these different sonts of data, ITE developed a
stratification syste:mn which acts both as a
framework for sample surveys, and as a
means of integrating survey results. This
approach. the ITE Land Classification.
classified all | km squares in Britain into 32
relatively homegeneous 'Land Classes'. For
the purpose of the analysis of CS1950 data,
these Classes have been aggregated into
four landscape types. 'arable’. 'pastural’.
‘marginal upland’ and ‘upland'.

The main source of information on broad-
scale land cover wformation was cbtained
from satellite imagery. A satellite land cover
map of GB was produced frem Landsat
Thematic Mapper imagery using images for
dates as close as possible to 1990. Land
cover data were summarised in 17 cover
classes for all ¢ 240 000 1 kin squares in GB.
Although the information is presented here in
terms of these 17 classes, further
subdiwvisions of these main cover types have
beenidentified. Similarly, informnation is
avallable a1 25 m x 25 m pixel scale, although
it has been summansed at the 1 lar square
level for CS1990 and CIS.

To give greater cetail on components within
the countryside. a stratified random sample
of 508 | km squares was drawn from the 32
[TE Land Classes ard data recorded, through
field survey of each | kan square, about larnd
cover, landscape features, habitais and
vegetanon. Simultaneously, data were
collected on freshwater fauna (macro-
invertebrates) in flowing watercourses. Soil
inforrnation was alse obtained for the 508
sample squares. A rigorous programme of
quality centrol was carried out. including a
Quality Assurance Exercise, to ensure that
methods and results were objective, reliable
and repeatable.

Species data {or over 1200 vascular plants
and a limited list of mosses and liverworts
were recorded from three types of plot in



1978 and 1990: Main plots were placed at
random throughout the 1 km squares; linear
plots were placed along hedgerows, sireams
and verges; and Habitat plots were targetied
to provide additional information on areas of
semi-natural vegetation. These data were
analysed by statstical techniques developed
specifically for vegetation data, 1o derive
stock and change information.

12
The land cover and landscape features for
1984 and 1990 were recorded using a
Geographical Information System (GIS) -
ARC/INFO. The GIS enabled automated
measurement of change, but also provides a
baseline digital data base for future
montoring. For the current report. the
descriptors of the land cover used in the field
survey have been summarised into 58
categories but they can be analysed at any 13
required level of detail.

Integration of the satellite land cover map
with data from the field survey has been
demonstrated. In addition, subsets of the 508
sample | kam squares were used to
determine the correspondence between the
17 land cover categories from the satellite
image classification, and the field survey
data. This provides a calibration between
the two surveys and greatly extends their
applications.

Land cover

Satellite land cover map

10

The land cover of Great Britain was mapped
from satellite imagery. Atotal of 17 key
cover classes were used 0 compare with the
CS1990 field data categories. The data have
been summarised at a | km square level. and
incorporated into the CIS. Managed grass
covered the largest area in Britain (27%),
followed by tilled land (21%) and open shrub
heath moor (12%). England was
predominantly tilled land and managed grass 14
(66%). whereas semi-natural vegelation
dominated in Scotland (57%) and Wales
{39%).

Although in the arable landscapes tilled land
comprised 41% of the land cover, managed
grasslands were significant at 29%. The

pattern was reversed in the pastural

landscapes, with 39% managed grasslands

and 22% tilled land; more land was also

covered by sermi-natural vegetation 15
categories. In the marginal upland

landscapes, managed grasslands covered
28%. with heath and moortand at 18%,
indicating a mixture of contrasting land cover
types within the landscape. The upland
landscapes were domnated by dwarf shrub
heath and bog, with the combined totals for
open and dense heaths, moors and bogs
being over 68%.

Pattern analysis was also carried out for the
whole of GB using the satellite data 1o
determine. for example, boundary lengths
between the 17 cover classes. Pixels which
adjoin or cross over boundaries represented
44% of the total, and their distributions were
compared within landscapes.

Comparison of field survey and satellite data

The resulis from the land cover survey of the
sample | km squares in the field show good
general agreement with the satellite-derived
land cover map for most classes. For
example, for lled land, both figures were
21%, and managed grass covered 28% (feld)
compared with 27% (satellite) Some
categories, eg open shrub heath/moor (12% -
satellite; 6% - field survey) differed due to
inherent differences in the methods used 10
identfy them and in the ways they have been
defined. However, to integrate the two
sources of information, the field data can be
broken down inte more detailed categories.
For example, the field data showed that 44%
of the managed grass (satelliie cover class)
was actually intensively managed. Most
figures for crops correspond to Ministry of
Agriculture, Fishenes and Food (MAFF) and
Department of Agriculture and Fisheries for
Scotland (DAFS) statistics. For example, for
oll-seed rape, both figures were 410 000 ha.
Although the total igure for wheat and barley
combined was similar, the breakdown
between the two crops was different between
the C51990 estimate and the MAFF/DAFS

figures.

Diflerences between data from field survey
and satellite imagery were quantified by inter-
comparison of digital maps using GIS. Direct
correspondence was 67%, though this igure
Increased to at least 71% if boundary pixels
were excluded from the comparison (and was
better {or some cover types than others).
Differences were due to the image analysis
procedures, discrepancies in field recording,
and minor geometric regisiration ervors.

The CIS can be used 10 compare summaries
of regions using the two procedures. The



information from the field survey can also be
used in ¢conjunction with the satellte land
cover map categories to estunate species
composition in vegetated cover categories,
such as woodland or moorland.

Change in land cover 1984 to 1990

16
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Figures for change in land between 1984 and
1990 were obtained from 381 squares visiled
in the field on both occasions. Tiled land in
GB has declined by 4% of iis area and within
this category there were increases in non-
trachtional crops such as maize, which
increased three-fold. Within the grasslands
category, there was a shuft within the
managed grasslands towards weedy
grasslands and away from less weedy types .
There was a smail overal gain :n semi-
natural cover types, though some types have
declined, including moorland grass (by
aboutl 3%), whereas others, such as open-
canopy heath, have increased (by about 5%).
Non-cropped arable land more than
doubled, perhaps due to the introduction of
set-aside schemes in 1988, Broadleaved
woodland increased by less than 1%,
whereas coniferous woodland increased by
5%. Built-up iand, including unsurveyed
urban land, increased by 1%.

A matrix of change shows the movements
between cover types as well as the overall
net change which, on iis own, can mask the
degree of change taking place. Most of the
large changes were due 10 the shifts berween
the major agncultural categones, principally
tilled land and managed grass. The built-up
categery has expanded at the expense of
grassland and tilled land, and much of the
increase in broadleaved woodland has come
from managed grass. Conifer forest
expanded in area, mainly at the expense of
open shrub heath. At this level of
aggregation, there was a high degree of
stability with little or no movemer:t between
most cells in the matnx; about 87% of land
had not changed category.

Boundaries

Stock in 1980

18

Field boundarnies were ofien composed of
different elemenis. such as a hedge with a
fence and, in the present report, the data are
expressed as some 25 multiple categories. 10
reflect thus complexity. Fences were the
most widespread boundary type, occurring
n over 70% of the total boundaries in GB;

19

they predominate in Scotland, where they
form over 60% of boundaries. Boundaries
containing hedges form 31% of the 1otal
boundarnies, and were mainly in England.
Walls form 13% of boundaries in Britain, of
whuch nearly half were in Scotland.

Hedges and hedges-with-fences were found
mainly within the arable landscapes, but the
total length of boundaries with a hedge was
highest in pastural landscapes. Although
walls occurred in all landscapes, they were
concentrated in the margmal uplands.
Fences occurred n similar lengths in the
arable and pastural landscapes, and less
extensively in the marginal upland and
upland landscapes. About 70% of all
boundaries in Britain were composed of
single elements, with 79% in Scotland, 67% in
England and 55% in Wales.

Change in boundaries 1984 to 1390

20
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22

ITE has previously reported to DOE on
change in hedgerows identified from CS1990
data. The full analysis of boundanes ~
presented here shows a net decrease in'the
length of hedgerows by 23% between 1984
and 1990. Most of this loss was due to a
change in form of the hedges. eg from a
managed hedge to a line of trees, but 10% of
hedges were removed completely.

In general, the length of hedges lost was
propertional to the original stock. with no one
type being lost to a greater degree than any
other. Relict hedges showed a greater
proportional increase than any other
boundary category (over 50%), whereas
walls and walls-with-fences declined by 10%.
The greatest overall lengths of wall were lost
in the marginal uplands. although a high
propertion were lost in the arable
landscapes. The length of single fences
increased by 11%, of which almost half were
in the pastural landscapes, with a smaller
increase in the marginal uplands.

Only 43% of boundaries comtaining hedges
remained completely unchanged in terms of
recorded boundary elements. The major
directional trends were from hedges-with-
fences to fences alone, and complete
removal of hedges. The major individual
shift was from walls-with-fences to walls, but
in landscape terms the complete loss of walls
was likely to be more imponant. Fences
were the most stable boundary category.,
with almost two-thirds remaining as fences
over the period of ime.



Vegetation analysis

23

Vegelation plots from surveys in 1978 and
1990 were classified into types that were
relatively homogeneous, using standard
statistical techniques. These were then used
to describe the composition of vegetation
and 1o examine changes. Botanical diversity
was considered by reference to both overall
species numbers, and numbers of different
species groups (each having similar
ecological affinines).

Main plots

24
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The random Main plots were classified into
29 plot classes which were then aggregated
into six major plot groups. The plot classes
were ordered according 1o their relative
positions on a vegetation gradient which was
interpreted as being from high intensity of
managemen!t (arable fields) to low intensity
(upland vegeiation, eg bogs and moorland }.
Thus, the arable landscapes contained plots
associated with arable fields and managed
grassland. whereas pastural landscapes
were dominated by plots of managed
grassland. The marginal upland landscapes
included both upland and lowland plot
¢lasses, and the uplands contained high
frequencies of a limited number of upland
plot classes.

In Britain as a whole and considering all plots
recorded in 1978, three of the six major plot
groups (semi-improved grass. woodland,
and upland grass) showed significant losses
of species between 1978 and 1990. Only one
plot group, moorland, showed a significant
increase. These changes include plots in
which the species composition has altered
sufficiently for that plot to have movedto a
different plot group by 1990 For a more
sensitive analysis of change, based only on
plots which have remained within the same
plot group see below (section 28).

Within arable landscapes, most of the
vegetation changes involved rotation
between arable fields and improved
grassland. In pastural landscapes. there was
movement iowards the plot classes with
fewer species. Within the marginal uplands,
there was more variation, with scme plots
becoming more intensive and others less
ntensive, whereas the uplands remained
relatively siable.

A total of 20 plot groups/landscape
combinations occurred and, of these, eight
showed statistically significant reductions in

28

species number, between 1978 and 1950,
varying from two to ten species per plot, and
one showed a significant increase, of four
species per plot. The percentage change in
species varied both between plot ¢lass and
between landscapes. For example. in the
margnal uplands, the woodland plot group
showed a 41% reduction in species number
but the moorland plot group a 33% increase.

Examination of the species data from only
those plots which did not change between
1978 and 1950 from one broad plot group 1o
ancther provided a more sensitive test of
changes in vegetation quality. The plots of
the arable fields plot group, occurring n the
arable landscape, showed a significant loss of
species (from 7 10 4) per plot. The lowland
semi-improved grassland plot group only
showed a sigruficant loss of species in the
pastural landscape, from 22 to 19 species
per plot. The woodland plot group showed
losses of species in the pastural, marginal
upland and upland landscapes. The
moorland plot group showed a sigmficant
increase in species in both the margunal
uplands and the uplands. The upland grass
mosaics plot group remained stable in all
landscapes in which it occurred

Habitat plots

a9

The Habitat plots in the lowlands were
placed mainly in agricultural grassland,
unmanaged grassland, and woodland. In the
uplands, the emphasis was on open
vegetation, especially diverse bogs and
flushes. In addition, the Habitat plots have
exiended the coverage of scarce habitats
such as marshlands and aquatic habitats
compared with the Main plots. The data will
form an imponant baseline for monitoring the
changes in these habitais, which are of
particular interest to the conservation
agerncies.

Linear plots

30

Of the Hedge plots recorded in 1978, 25%
were no longer part of a hedge in 1990 (due
to removal or change in boundary category).
The Hedge plots were classified on the basis
of both weody and herbaceous species. In
terms of woody species, hawthorn
(Crataegus monogyna) hedges were the most
common. Different types of hedge showed
different panermns of distribution, eg elm
(Ulmus spp.) hedges occurred maindy in the
arable landscapes. Changes in the
herbaceous species of the Hedge plots in the
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arable landscapes, between 1978 and 1990,
showed a shift towards the species
characteristic of arable cropland. There was
an overall loss of herbaceous species. from 15
to 13 species per plot in the Eedge plots. in
the pastural landscapes. The groups of
species have also declined in this landscape
type. especially those fom meadow.,
calcareous and scrub groups  in the marginal
upland landscapes. the herbaceous
vegelation showed a pronounced trend away
from woodland species towards species
associaied with intensive grassland

Tne roadside Verge plots showed a full range
of plot classes. from the lowland landscapes
through 1o the uplands; from rank tussocky
grass-dominated plots in the lowland
landscapes to dwarl heath-dominated plots in
the upland landscapes. Between 1978 and
18580 there was considerable inierchange
between the verge types but with a trend
towards those typical of overgrown
conditions. In terms of species number, the
only statistically significant change in road
verges was from 15to 13 species per plot in
the arable landscapes. The trend was towards
a loss of meadow species groups

As with the verges the Streamside plot types
showed no distinct separation between upland
and lowland landscapes, but representation
from across the range of plot classes. The plot
classes showed a relationship with
watercourse category: thus, reed beds were
frequent by larger rivers. Interms of the
overall balance of plot classes between 1578
and 1990, there was a general decline in the
hightly grazed grassland type and an increase
in ungrazed grassland types Streamside
vegetation, however, was the only habitat 1o
lose species throughout all the landscapes.
although only the pastural (from 1810 15
spectes per plot) and upland (from 24 10 21
species per plot) landscapes had significant
changes. The losses were throughout almost
all species groups, but especially meadow
and wet habitats. as well as from species
groups from more overgrown conditions. The
Quality Assurance Exercise (see section 6)
showed that there were only small differences
entirely due 1o annual variation, which
suggests that these changes were nol entirely
due to the drought in parts of GB 1n 1990

The species data were also used to compare
the contribution of linear and Main plois to
flor:stic diversity in the British countrys:de
The linear plots in the lowlands contained
more species than the Main plots, even

though the linear plots had only 5% of the
area cf the Main plots. Furthermore, the
linear plots contained species that were
absent from the wider couniryside. such as
water plants. In the uplands, the vegetation
of the Main plois contained high numbers of
species, but they were represemntative of few
species groups. Although the linear plots
were more restricted 1n their occurrence,
they contained different species from the
surrounding countryside. Therefore, linear
features were impornan: ir: all four
landscapes in terms of their contribution to
fornisuic diversity; they also contained more of
the total resource of meadow species, which
had declined throughout all landscapes and

plot types.

Freshwater samples
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All 508 squares surveyed in 1990 were
considered for sampling for running-water
macro-invertebrate assemblages. Atctal of
361 squares had suitable watercourses and a
single pond-net sample was taken from each
of ihese squares. Most watercourses
sampled were small channels within 2 km of
therr scurce. The numbers of samples from
each landscape varied between 66 (marginal
upland) and 110 (pastural). The IFE RIVPACS
system was used 10 determine the
environmenial quality of each site, as
indicated by their macro-invertebrate
assemblages. On average. the poores!
quality was recorded at sites in arable
landscapes. with successive improvements
through pastural and marginal upland to
upland sites.

A total of 479 distinct taxa (maunly at species
level) were found in at least one of the sites
The total numbers found in arable and
pastural landscape sites were each
approximately 50% higher than the total
numbers found at marginal upland and at
upland sites. When unpolluted sites only
were compared, the mean number of taxa
per site was highest at arable sites but only
just higher than pastural. Mean numbers per
site showed a marked decrease between
pastural and marginal upland and again
between marginal upland and upland sites.

The data given in the present report act as a
baseline against which future change may be
measured. More detailed analysis of the
results of C51980. and other complementary
data sets. will be included in a separate
thematic report. Appropriate data will also
be included in the CIS



Soils
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Soll data derived from the data bases of the
Soill Survey and Land Research Centre
{SSLRC) and the Macaulay Land Use
Research Institute (MLURI), and based
primarily on the 1:250 000 national soil maps,
have been used 10 determine the dominant
solls in each | km square in GB. and in the
landscapes used as a framework for this
report. In addition, detailed soil maps were
produced by field survey of each of the 508
field sample | km squares.

Brown soils and surface water gleys
dominated the arable and pastural
landscapes. The marginal upland landscapes
contained a smaller proportion of brown soils
but a larger proportion of pedzolic soils than
the lowland landscapes; surface water gieys
were still important but are dominated by
types which have a peaty surface. The
upland landscape was dominated by peaty
surface water gleys. peats and podzolic soils.
with peaty surfaced podzols being
widespread.

The similarnities in the proportions of soils
within the landscape types broadly agreed
with the grouping of Land Classes used to
derive the landscapes. More detaied
examination of the data showed clear
variations in the proportions of different soils
between Land Classes and these are
available through use of the CIS. The
combined soil data provides a greatly
improved characterisation of the Land
Classification in terms of soils, and the data
now available provide a sound basis for
modelling exercises wiich require soil data.

Conclusions
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C51890 has demonstrated that an integrated
survey approach, based on the ITE Land
Classification, can:

» provide information about the British
countiryside at one point in time,

+ determine change from previous surveys,

+ form a baseline for the assessment of
future change.

Two of the major products of C51990 are a
land cover map of GB (the first produced
using satellile data) and a computer-based
Cis.

In overall terms, the survey has shown that
there has been relatively littte change

42

43

between the major land cover types in GB
between 1984 and 1950. although, for
example, there has been a small reduction in
the area of tilled land and a small mcrease in
wban land. Previously reported rates of less
of semi-natural hab:iat have decreased.
However, there have been significan
changes in the detaled composition and
ecological quality of vegetation in the
countryside, with an overall reduction in
botanical diversity.

There is a need for further, more detailed
examination of the data, especially in
integrating CS1990 information to reveal
relatonships between different componenis
of the landscape, leading to a better
understanding of the processes at work. To
examine the causes of observed changes,
there 15 also a clear need for further
research. Areas which have already been
identified include:

» expansion of the data base - integration
of the C51990 data with other national
daia bases on agriculture, climate,
pellution and biology:;

+ availability of data — development of the
CIS and its wider availabihty for research
and application;

+ spatial scales - rigorous assessment of
the application of results at national,
regional and local scales and
development of analysis (or synthesis) to
express distinct zones of influence;

+ causal relationships - exploration of
correlauve relatonships (o assess
causalily. eg by application of theory. field
experimers, detalled case studies or by
testing predictive models against
observed spatial and temporal patterms;

« policy targeting and analysis - use of
the CS1980 data base 1o establish
objectives, to target policy in terms of
spatial locations or subject, and to test the
effectiveness of policies (adoption
dynamics).

Meanwhile, there 15 already other ongoing
work which either links directly into C$1990
or which has resulied from it. Projects
include: further development of the CIS,
especially the inclusion of other data sets and
the incorporation of landscape graphics; the
DOE-funded ‘Changes in Key Habitat' project
which aims to collect more information on
rare habitats, not well covered in C51990; the
‘Processes of Countryside Change’ project
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funded by the Economic and Social Research
Council and DOCE, being undertaken jointly
by Wye College and I'TZ 10 examine the
underlylng socio-economic causes behind
land use change.

While capable of further improvement and
development as a methodology, C51990 has
proved an importan! source of information
and thus understanding of the British
couniryside. Outpuls from the survey are
especially important in relation 1o current
developments on issues such as biodiversity
and sustainabulity.

The CSi980 data bases and summary are
now avalable for further research abou: the
processes. causes and consecuences of
countryside change. [i forms an important
baseline for evaluating future changes and
curreni plans are to repeat the survey in the
year 2000

11
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SURVEY 1990

1.1 Introduction 13
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14 Summary of Chapter | 16
1.1 Introduction survey componenis: land cover and linear
' features: vegetation plots; freshwater fauna,
1.1.1 In 1977 and 1978, the Institute of Terrestrial and soils. The inclusion of land cover
Ecology (ITE) carried out an ecological information from satellite data was based on
survey of rural Britain (Bunce 1979). The a foundauon of funding provided by the
primary purpose was to collect information British National Space Centre (BNSC) and
on vegetation and soils, and the survey used the Department of Trade and Industry (DTI).
a sampling approach based on the ITE Land
Classificanon (Bunce et al 1983). A
secondary activity was the collection of land 1.2 Objectives of Countryside
cover and landscape feaiure nformation Survey 1990
from each of 256 | lan sample squares.
121 The overal objectives of C51990 were:
1.1.2 In 1984, ITE completed a repeat survey of the
256 1 km squares and also surveyed a - torecord the stock of countryside
further 128 squares, increasing the sample features in 1990, including information
number to 384. The survey was designed to on land cover, landscape features.
answer questions on land use issues and so habitats and species:
concentraled on land cover and landscape *+ todetermine change by comparison
feature mapping. rather than da‘a collection with earlier surveys in 1978 and 1984;
at the detalled vegetation plot level of the - to provide a firm baseline, in the form
previous survey. The field methodology was of a data base of countryside
identical 1o that described below. and is information, against which future
given in Barr et af. (1985) changes could be assessed.
1.1.3 During the 1980s, work in ITE (Fuller et a/ 1.2.2 For the first iime in land use research,
1589a, b; Fuller & Parsell 1990, Jones ct al. CS1990 provided an opportunity to
1988, Jones & Wyatt 1968. Bunce et al 1993) combine remote sens'u.ng. field survey and
demonsiraied the potential of Landsat ecological sampling to gain an integrated
Thematic Mapper (TM) imagery as a land GB picture of land use, land cover,
cover mapping tool, in both lowland and landscape features, habitals. vegetation, and
upland situations. plant and freshwater animal species. at one
time.
114 Separately, staff a1 the Institute of Freshwater
Ecology (IFE) developed a system of river 123 The project was designed to collect data
classification based on faunal communites, and 1o summarise them in a way which
which could be used to assess water quality would be useful 10 policy-makers. It is
and pollution (RIVPACS), with cbvious intended that detailed ecological analysis
potential for research links to land use and interpretation will follow the production
studlies. of these results.
1.1.5 In 1990, the Depaniment of the Environment 1.24 The data recorded during the 1990 survey

(DOE) and the Natural Environment Research
Council (NERC). with support from the
Nature Conservancy Council (NCC), funded
a major land use project called Countryside
Survey 19580 (CS1980) (Barr 1990). The
three-year project brought together four field

13

are being held, and made available to
users, 1n a computer-based Countryside
Information System (CIS). This repornt
describes the survey methodology.
presents the results and highlights key
findings Further analysis of special themes
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in the data will be published in separate
repens (eq on hedgerows - Barr et al. 1891).

Underlying principles

The survey has combined two contrasting
ways of collecting land use information:
census survey, in which a complete mnventory
1s made; and sample survey, where
information 1s collected from a representative
sample of sites. :

Analysis of saiellite imagery has allowed a
census of land cover over the entire surface
of GB at a detailed level of spatial recording.
As well as providing complete cover, the use
of satellite data has potential to allow repeat
surveys at regular intervals.

The field survey component of CS13890 has
used a sampling approach. This has allowed
more detailed information to be collected
than could be achieved 1n the satellite land
cover census bul, because it relies cn
makang national and regional estimates from
a sample of points, there are associated
slatistical errors which have been calculated
{see Appendix 3).

The sample of field survey sites has been
stranfied according to the ITE Land
Classification: this uses combinations of
environmental data which are already in a
mapped form (such as geology, climate,
topography) 1o allocate land o one of 32
different classes. The classification unit1s a
1 km square and all of the approximately
240 000 squares in GB have been classified.

The ITE Land Classes have been
characterised, not only in terms of their
broad environmental characteristics, but also
by land use and ecological data obtained
from sample field surveys. Asa way of
expressing regional variation in the results
from CS1990. the Land Classes have been
aggregated into four landscape types, each
of which is dominated by certain land cover

types:

i. arable landscapes (34% of GB) -
land dominated by cereals and other
arable crops, as well as intensively
managed grassland - concentrated in
East Anglia and the eastem Midlands,
but also in the central valley and
eastem lowlands of Scotland. Present
but less widespread in nonh-eastiem
England. the Midlands and south-east
Scotland;
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ii. pastural landscapes (25% of GB) -
mainly grasslands - widely distributed in
south-west England. west Wales, the west
Midlands and north-west England - also
in north-east England and scattered
through the lowlands of Scoland and
coastal areas throughout GB;

marginal upland landscapes (6% of
(GB) - areas which are on the periphery
of the uplands of much of north and west
Britain, especially Wales, and which are
dominated by mixtures of low intensity
agriculture, forestry and semi-natural
vegetation;

upland landscapes {21% of GB) - land
generally above a height suitable for
mecharused farming and frequently
dominated by sheep farming and sem-
natural vegetation - distributed in central,
west and southern Scotland, and the
Pennine and Cumbrian mountains of
northern England.

i

v.

Further information on the ITE Land
Classification, and the aggregation of ITE
Land Classes into landscape types. is given
n Appendix 1. The distribution of the
landscape types 1s shown in Figure 1.1.

Names given to the four landscape types are
a necessary sunplification and do not reflect
the full variation that occurs in the
aggregaled Land Classes. Thus, the arable
landscape type 1s composed of Land Classes
which are dominated by arable land, but
does not contain all of the arable land in GB.
Further, the same aggregated class does
contain some pastural land and other land
cover types which are not arable. However,
giving results from CS1990 by landscape
type provides a convenient way of
summarising informaten for ‘agro-

" ecological zones' within the country.

Although the surveys are primarily
concerned with the rural environment, urban
land has been included in the overall land
cover statistics. Detailed ecological
information has not been collected from 1 ki
squares which are dominated (>75%) by

. built land (see Appendix 3).

As staled above (1.2.4), one of the major
products from C31990 is a CIS. This contains
those data that can be summarised with
statistical confidence and is intended to make
the results from CS1990 widely avatlable.

ITE will continue to support the basic data
bases from which this and other repons have
been compiled. i is not intended, therefore,



Figure 1.1 The distribution of 1 km squares in the four landscape types

el Pastural

Land classes 2, 3, 4,9, 11, 12, 14, 25 Land classes 1, 5,6, 7, 8,10, 13,15, 16
and 26 and 27

Marginal upland

Land classes 17, 18, 19, 20, 28 and 31 Land classes 21, 22, 23, 24, 29, 30 and 32
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1.4.1

1.4.2.

1.4.3

1.4.4

that the preser: report should coniain details
of all recorded features but, rather. the
repen picks out the broad patterns and key
findings, and describes examples ¢f the sonts
of data that are held and how these migh® be
interrogated.

Summary of Chapter 1

Following previous countryside surveys in
1978 and 1984, and the development of
methods of survey using remotely sensed
data and field-based survey and sampling
techriques, the Institute of Terrestrial
Ecelogy and the Institute of Freshwater
Ecology undertook a survey of the British
countryside in 1990. The work was
principally funded by the Department of the
Environment, the British National Space
Centre. the Department of Trade and
Industry. and the Natural Environment
Research Council. Additional funding was
provided by the former Nature Conservancy
Council.

The primary objectives of the survey were to
establish the stock of landscape features and
habitats in GB in 1990, to identify change in
these by reference to earher daia. and to
create a new baseline for the measurement
of future change.

For the first time at a naticnal scale, the
survey integrated remotely sensed data from
satellites with field-based survey and
sampled data on a common spatial basis.
While interpretation of satellite imagery
yielded census information for the whole of
GB, field-based studies used the [TE Land
Classification for sampling features in more
detall.

Regicnal variation in the results of the survey
was expressed using aggregations of the [TE
Land Classes into four landscape types:
arable: pastural: marginal upland; and
upland.
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2.2

Introduction

Countryside Survey 1990 (CS1990) brought
together researchers from a vanety of
disciplines and backgrounds, each having
specialised it their owr. field for some
years. They included staff concerned with
geographical, cartographic, and remotely
sensed data. botanists, freshwater biologists
and sol scientists.

The challenge of the project was to bring
the collective skills and knowledge of these
different groups together. The integrated
basis on which the research was carried out
was the expression of results in a common
spantal framework, at the 1 kan square
resolution.

Land cover mapping from
satellite imagery

Landsat image classification

221

This study forms an extension 10 a project
funded by the Briish National Space Centre
and ihe Natural Environment Research
Councu to map all of 3ritain from satellize
images. This exiension 1s aimed at
integrating the Landsat-derived map daia
with the field survey data of C51990 It
allows improved esiimation of landscape
statisiics by combirung the detailed sample-
based, field statistics with a full spatially
referenced census of generalised cover.
The outputs 1clude:

. provision of land cover staiistics by
ITE Land Class, landscape type and for
England, Scotland and Wales;

. provision of summary cover statistics
ona | kam gnd for inclusicn in the
Countryside Information System (CIS);

. analysis of elements of land cover
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patiern, and summary at the | km
square resolution for inclusion in the
CIS;

. calculation of correspondence
statistics to inter-relate field survey
and Landsat data.

Unlike the field survey data, ihis element
represents the first study of its kind in
Britain. It provides stock information, not
change statistics. The main outputs are n
the form of digital data bases which can be
interrogated for specific requirements.
rather than forming tables which are an end
in themselves.

This section of the repon gives a brief
description of the Landsat image
classification, outlines the integration with
the field survey and summarises the pattern
analyses. Full details of the resulting
correspondence statistics appear in the CIS
and are fully described in the Final Repon
on Land Cover Definitions (LCD) (Wyatt et
al in prep.). The results of pattern analyses
are available through the CIS.

The study was based on Landsat Thematic
Mapper (TM) data. with its good spatial
resolution and the inclusion of a middle
infrared waveband which 1s important in
separating a wide range of vegetation cover
types (Townshend ef al. 1583). Eight
Landsat paths cover Britain. The orbits
overlap very substantially in these northern
latitudes, from about 45% in southern
England. and exceed:ng 50% from mid-
Scotland northwards. This meant that it was
possible to use alternate paths of data in
north Scotland 1o achieve full cover but,
elsewhere, it was necessary o use every
path.

The land cover mapping involved computer
classification of pared summer and w:nter
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TM scenes. The baseline date for the
mapping was 1990 but, to accommodate
any image shontages, an extended period of
plus or minus two years was allowed. In
practice, the dates of summer images
(which essentially determine the cover)
ranged between 1988 and 1991.

Summer and winter data. in composite,
helped separate the various target classes
(Fuller et al 1989a, b). For example, arable
areas altermated between full plant cover
and bare ground in a year; semi-natural
vegetation retained full cover, though
perhaps of plant litter in winter; deciduous
trees were distinguished from evergreens;
deciduous rough grasslands differed from
permanently green agricultural grasslands;
urban areas and bare ground were
distinguished by their bare appearance n
both summer and winter (Fuller & Parsell,
1990).

The appropriate definition of 'winter' and
‘'summer’ was clarified in discussion with
ecologists and agriculturalists familiar with
the phenology of the local vegetation in
various regions of Britain. The consensus
was that the summer period safely included
mid-May 10 July, that August to mid-October
represented a transition period and that
winter covered the time from mid-Cctober
1o arcund mid-March. Late March, Apri
and early May were seen as transition
pericds which were best avoided. In
practice, the useful periods shifted with
alutude; they also varied from north to
south, and east to west in Britain and were
inevitably dependent on the year in
question.

The search for images was based cn the
National Remote Sensing Centre quick-lock
photographs of TM images acquired by
Landsat within the study period Cloud-free
scenes and quarter-scenes were identified
from these. Image availability determined
the imetable for image processing. In all,
allowing for probiems of cloud cover, about
25 palred, summer/winter, scenes or parn-
scenes required classification to quve full
cover of Britain.

Landsat TM data were geomeincally
correcied to the British National Grid
{BNG)}. Control points were defined
interactively on the Internaticnal Imaging
Systems (1IS) M75 image processor. The
procedure used 1:50 000 Ordnance Survey
maps mowtted on a digitising table, to
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derive the 'true’ position of control peoints
:dentified on the input image. The
relationship between image co-ordinates
and BNG was calculated using a polynomial
model. The image was then resampled to
fit this polynomial model (Schowengerdt
1983). 10 produce an output image with a 25
m pixel size, and a BNG map projection.
Cubic convolution resampling. which better
modelled the natural variations in radiance
across an image, was the most appropriate
algorithm (Fuller & Parsell 1990).

The summer/winter composite images were
made by co-registering scenes or part-
scenes to give a single output image. This
Image contained six bands of data, three
each from the original summer and winter
data, namely TM bands 3, 4 and 5 - ie red,
near and middle infrared (IR). These bands
were chosen because they represent
wavelengths with characteristic responses
from vegetation (red for chlorophyll
absorpticn and IR for mesophyll

reflections) They were also less affected
by haze problems than the blue-green end
of the wisible spectrum (Fuller et a/. 1989a;
Fuller & Parsell 1990)

An appropnate class selection was the key
to an accurate classification. consistent as
far as possible throughout Britain, and useful
10 ecologists and other environmental
scientists. By reference to other surveys it
was possible to draw on a wide range of
experience in vegetation mapping, and to
use the types of classification which had
themselves been devised for applied uses.
Ulimately, of course, the classification was
determined by what was feasible from
satellite nages. here, the study was
strongly influenced by the pilot exercises in
Cambridgeshire and Snowdonia. but with
evolution of the classifications based on
experiences in the current survey, and on a
consultative exercise involving other
surveyors and end-users.

A final list of 25 1arget classes (land cover
types) was derived for mapping throughout
Britain (Figure 2.1). The classification may
be simplified, if required, by aggregating
rarer classes with related, more common,
ones.

The procedure of classification was based
on extrapolation from sample statistics for
reflectances of each class. In reality, the
larget classes were achieved by defining a
large number of spectrally unique



Figure 2.1 The land cover classification derived from LANDSAT IMAGERY, shown for
25 target land cover types and aggregations to 17 key cover types for provision of summary
data (see section 2.2.22) and nine other major cover types (see section 2.2.28) for pairwise

boundary analyses

Target land cover types
(25 classes)

Continuous urban

Suburban/rural development

Tilled ground

Mown/grazed turf
Meadow/verge/semi-natural

Bracken

Ruderal weed
Felled forest

Rough grass/marsh

Grass heath

Moorland grass

Open shrub heath

Open shrub moor

Dense shrub heath

Dense shrub moor

Lowland bog

Upland bog

Scrub/orchard

Deciduous woodland

_ Coniferous woodland

Inland bare ground

 Saltmarsh/intertidal vegetation
Beach and coastal bare

Inland water

Sea/estuary

Key cover types Major cover types
(17 classes) (9 classes)
Continuous urban ——

— Urban/suburban
Suburban
Tilled land Tilled land
Managed grassland Pasture/meadow/

amenity grass

Bracken Bracken
Rough grass/marsh

. Rough grasslands
Heath/moor grass
Open shrub heath/moor

Shrub heath

Dense shrub heath/moor
Bog Bog (herbaceous)
Deciduous/mixed wood —— Deciduous/mixed wood
Coniferous woodland Coniferous woodland
Inland bare
Saltmarsh Classes not used
Coastal bare in pairwise
Yiliadwsic boundary analysis
Sea/estuary

19
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subclasses. This was necessary because
the maximum hkelihood classifier (MLC)
assumes a normal distribution in the data
(Kershaw & Fuller 1952), which could only
be achieved by subdividing mulii-modal
data into component subclasses (eg 1aking
specific crops as subclasses of tilled land).

The sample areas on which the classification
were based were selected using
knowledge dertved in the field
reconnaissance survey. Typically, field
reconnaissance identfied the cover in about
1200 land/water parcels per Landsal scene.

Traimng the image classifier mvolved
outlining groups of pixels which were
representative of the particular classes or
subclasses intended for classification.
Overall, 70-80 subclasses were typical for
most scenes. Normally, there were five or
more traming areas per subclass with a
minmum 30 pixels in total, but, more
usually, there were 100-200 pixels per
subclass.

Extrapolation was used to find all oiher
pixels in the scene with the same speciral
charactenstics as the subclasses used in
training. The maximum likehihood classifier
allocated each pixel to its nearest subclass
{in statistical terms) or rejected pixels if
dissimilar to all available subclasses. 3y
defining a rejection threshold, it was
possible 1o reject more or less of the scene
(Kershaw & Fuller 1$92). In this case, all but
the very rarest of subclasses were defined.
so the threshold was varied in order to
classify 98% or more of land/water parcels.

The process of trairung and classification
was an iterative one, relying on preliminary
classification, inspection of results, edition
or addiuon of traiming subclasses, then
reclassification, working towards a final
cover map.

Some classes could not always be reliably
separated purely on the basis of spectral
differences. Contextual information, either
drawn from outside sources or derived
from the data, helped correct any errors.
By defining a coastline, it was possible to
impose the rule that terrestrial habitats are
only found mnland of the line, mariiime
habitats to seaward. The definition of the
coastline was semi-auiomaled. Maritime
classes were extracied to form a mask, and
this was smoothed using filiers to remove
holes in the mask, or erronecus "inland
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mariicne’ areas. lf necessary, the mask was
then edited interactively on the image
processor, before being used for
correction. Using a maskng procedure, it
was possible to flter out small pockets of
misclassified lowland habitat in an extensive
upland area and vice versa (there remains a
choice between using these distinciions, as
described. or re-aggregating the upland/
lowland classes, and using alternative
comtextual information, such as ahitude, 10
make the distinction).

An urban mask was made from urban and
suburban pixels. and holes in the mask
were then filled using a majority fiter. The
resulting mask was used to correc
musclassified urban areas, for example
where the change n vegetation cover
between summer and winter images
(gardens, scrub areas) resembled the
seasonal changes in arable land. Any such
patches which fell under the mask were
changed to suburban pixels. Classes such
as deciduous and coniferous woodland.
water bodies or grasslands were allowed to
remain, as they are normal feaiures of
urban environments.

Local interactive corrections were needed:
sometimes odd clouds obscured a small
pan of the summer or winter image;
pockets of haze might also have caused
very occasional dificulies. In such cases. 1t
was possible to classify that pocket using
just the one good date, cut oul the area
covered with haze, cloud or shadow, and
insert a patch from the single-date cover
map. In other areas, odd cover types (eg
peat cullings), perhaps too small 1o train as
subclasses, were misclassified; in such
circumstances. it was possible 10 take out a
‘e’ of the cover map, renumber the cover
value in a locality to the correct value, and
place the corrected tile’ back into the cover
map.

In bullding a mosaic of full GB land cover,
data have been stored as 100 km x 100 kan
ies, for convenience of access. These tiles
were made as 'jigsaws' from the
appropriate sections of each scene Asa
scene classification was completed, the
sections were ‘cut out’ and stored in their
100 kan x 100 km tile. joins were made
within the overlap between scenes, using a
sinuous outline along uniform fearmures
which were classified in the same way in
both scenes. Areas where there were
known difficuliies on a scene (eq haze



Figure 2.2 The land cover classification derived from FIELD SURVEY, shown for 59 dominant land
cover types and aggregations to 16 key cover types, comparable to the satellite key cover classes, and 11
major cover types (see section 3.5.1)

Dominant land cover types (59 classes) Key cover types (16 classes) Major cover types (11 classes)

Railway 5
Road Communications

Agricultural buildings — Builtup
Residential buildings Builtwp ————
Other buildings

Wheat

Barley

Oats

Mixed and other cereals
Maize

Turnips/swedes

Kale

Oil-seed rape

Crucifer crops (not OSR) Tilled land Tilled land
Peas

Field beans

Legumes

Sugar beet

Root crops

Potatoes

Other field crops
Horticulture

Recreational (mown) grass

Recently sown grass

Pure rye-grass

Well-managed grass

Weedy swards with >25% rye-grass ————————— Managed grass Managed grass
- Non-agriculturally improved grass
- Calcareous grass

Upland grass

Maritime vegetation

Non-cropped arable (ploughed and fallow)
Unmanaged grassland and tall herb

Felled woodland — Rough grass/marsh ————— Rough grass/marsh

Wetland

Waste and derelict land

Dense bracken Dense bracken Dense bracken

Purple moor grass-dominated moorland

Moorland grass (other than purple) ——— Moorland grass Moorland grass

Dune

Open-canopy heath

Berry-bush heath Openheath —

Drier northern bogs ———— Shrub heath

Dense heath Dense heath

Wet heaths and saturated bogs Wet heaths and saturated bogs Bog

Perennial crops

Mixed woodland

Shrub

Coniferous woodland Coniferous woodland —————— Coniferous woodland
Inland rocks and screes

Hard areas without buildings —————— Inland bare Inland bare

Quarries and extractive industries

Saltmarsh - Saltmarsh

Hard coast with no vegetation ' Classes not included

g : : — Coastal b

Intertidal soft coast without vegetation 10 ol in major cover analysis

Still water

Running water Inland water

Wetland
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patches) were avoided, and the better of
two scenes was used if quality differences
existed.

Integration of satellite and field survey data

2.2.22

2223

Integration of field survey and satellite data
required common definitions of land cover
or, at least, an understanding of how
definitions vary. A DOE-funded projeci on
Land Cover Definitions (LCD) (Wyan et &
in prep ). has aimed to evaluale and inter-
compare different nauonal/regional surveys,
including the Landsat and field surveys of
CS13890. The LCD project has
recommended a list of 59 cover types as a
classification of basic land cover types for
Britain. The many combinations of field
attributes (see section 2.3.5) have been
fitted to this classification, and the dominant
cover types, and theirr aggregations, are
pesented in Figure 2.2 To match this 59-
category classification, several of the 25
Landsat cover types have been aggregated
to alist of 17 types (Figure 2 1): both of
these aggregations were used when inter-
comparing and integrating field survey and
satellite surveys. Descriptions of the 59
dominant land cover types and the 25
satellite target classes are given in

Appendix 2.

The results of the satellite land cover
classification have been compared with
data from the field survey of | ki squares.
There have been three levels of
comparison:

1. vector-digntised field survey squares
(ie as boundary line-work) were
converted o raster format (ie as grid
cells): the procedure was applied to
143 squares (a minimum of 4 per [TE
Land Class}). Field data were
aggregated 1o give 25 cover types
corresponding to those used in
Landsat mapping. sunple decision
rules were made to deal with multiple
cover attributes; for example, a land
parcel, comprising both grasé and tree
cover, would have taken the visually
and structurally domuinant tree
classification. Assessment of accuracy
was made separalely for boundary
pixels and within-field pixels.

i scores of land cover on a gnid of 25
points, within field survey 1 km
squares and corresponding areas on
the satellite land cover map, for 256
squares: 25 target cover types (and

22

LCD aggregations to 17 key cover
types (Figure 2.1)) were compared
with a short list of 59 baseline cover
types defined under the LCD project.

iii. al km summary level, for all squares:
25 target classes {(and LCD 17 key
classes) were compared with the 53
LCD baseline cover types.

2.2.24 The comparison with field data has been

completed and summary results are
presented m this report. The full integration
and analysis of correspondence are
described elsewhere (Wyatt et al. in prep ).

Pattern analysis

2.2.25 Griffiths and Wooding (1589) outlined

methods for analyses of landscape patterns.
using data derived from a classification of
Landsat images (as pan of the DOE project
‘Ecological Consequences of Land Use
Change’, Bunce et al. 1953). They
employed concepls such as:

. patch size and frequency:

. fragmentation and isolation,
. boundary measures;

+  density and diversity.

2.2.26 Within CS1990, similar measures were used

nationally, with output data in summary
form. Analyses in a vector GIS could not
handle the large quantity of data.

22.27 The options withun the image processing

sysiem were:

. to count number of classes per unit
area;

. o measure boundary lengths (of any
class or combination of classes);

* 1o measure cover per class per unit
area;

. to ideniify and examine regions within
fixed distances of a cover type (or
combinations of cover types).

2.2.28 These procedures provided the basic ‘tool

kit' from which the following pattern
measures were made:

. cover per class per 1 kam square
(using 17 key cover types (Figure 2.1)
as in the LCD Project (Wyati et &l in
prep.)) - expressed as an integer
percentage value;

. boundary length per class per square
{using 17 key classes) - number of
pixels bounding each class in each 1
km square;
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2.2.30

2.2.31

. pawrwise boundary combinations
(based on cover simplified io nine
major types (Figure 2.1)} - eg
bracken-to-grassland boundary
length.

The above analyses provided 70 layers of
information as | ki summary data These
have been constructed in a form suitable
for incorporation into the CIS. ltis
important to realise that the provision of
these pattern vanables in CIS will allow
users to make their own indices of pattern.
The diversity measure can be calculaied
from these data within the CIS. An index of
patch size per class could be made taking
the area of a cover type divided by its
boundary length (or users can devise their
own measure, eg area divided by the
square root of boundary length).

In order to examine the spatial relationship
(eg proximity) between land cover types,
‘buffer zones” were created around the
‘core areas’ of each land cover type. They
were defined by inclusion of a set number
of pixels which adjoined the core areas of
each class, thereby allowing an
examination of the compositicn of
neighbouring land cover types

Asgessment of cover within buffer zones 1s
computationally expensive, and can
provide huge data sets. depending on the
number of classes and the range of bufler
zones selected. Such measures are better
designed to mee! specific user
requirements and made 'to order’.
However, demonstrator analyses were
performed for three aggregate cover
types (deciduous, meor/heath/bog and
bracken).

GIS integration

2232

End-users will wish to analyse the data in
conjunction with a wide range of other
maps and data. A geographical
information system (GIS) allows the user to
make complex overlays of muluple,
spanally referenced. data sets
(topography. soils, species maps,
administrative boundaries, eic). The GIS
can draw on cther data (eg regression of
species number against altitude, maximum
acid tolerance of a species, hedgerow
length per unit area of grassland). These
facilities allow users to make sophisuicated
analyses of distributions. patterns or
change. Users can build predictive

23
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2.3

2.3.1

232

2.33

models of environmental impacts, or test
policies for environmental management.
The satellite land cover map will be a vital
element in the developing use of GIS.

GIS demonsiration work has involved the
export of sample areas from the IIS image
analysis system 1o a Laserscan GIS. Basic
expenimeniation has concentrated on a
75 km x 50 km test area centred on the
Thames estuary. Analyses have included
use of the land cover data in their original
raster format and also raster-to-vector
conversieon (ie from grid-cell data 1o digntal
line data). in addition, a number of other
studies have used the land cover data in
applied environmental research.

Field survey

A full description of the field survey
methods is given in a Field Handbook (Barr
1930) (which 1s available on request from
[TE): they followed closely those used in
the 1984 [TE survey. The {ollowing
paragraphs summarise only those methods
which are relevant to this report.

In 1990, 508 |1 kn squares in GB were
surveyed, including the 384 | kan squares
which had been visited in 1984 and which.
in turn, included 256 squares which had first
been surveyed in 1977-78. The sample of

| lan squares was structured using the ITE
Land Classification (see section | 3 4) the
1978 survey was of eight lkam squares from
each Land Class; the 1984 survey used 12
squares from each Land Class (Bunce &
Heal 1984). The 1990 survey used the
same 12 squares in each class but
additional squares were taken from some
classes in proporiion 1o their overall
frequency in GB. The distribution of the 508
1980 field sample squares is shown in
Figure 2.3.

Within each | kan square. the following
were surveyed:

i. land cover, which was mapped using
OS 1:10 000 scale maps enlarged to
about 1:7000;

ii. landscape features, such as walls,
hedges, individual trees
The various aspects of (1) and (i1} were
mapped on five separate maps
covenng. physiography. agriculture!
semi-natural vegetation; forestry!
woodlandsitrees. boundaries; buill



Figure 2.3 Map showing the distribution of 1 km squares surveyed in 1990
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environment and recreation.

uw.  upto 27 vegetation plois, both in open
land and alongside linear features such
as hedges. roads and streams.

Field mapping

234
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The mapped features were described using
a predetermined list of codes as shown in
Appendix 2 Where a feature could not be
described using the existing codes, unique
descriptions were used and coded
separately. Because such unique
informaton has not necessarily been
collecied in an objective and consistent
way, 115 use is hmited.

In order to give as much information as
possible about cach area of land or
landscape feature, combinations of data
codes were used to annotate each category
onthe map Anexample of a page from a
field recording booklet is given in Figure
2.4. There were two types of code:
primary {general descr:ptions of features,
eg woodland) and secondary (giving more
detail about the feature, eg tree species,
age. management practices, in a wood). All
features were annoiated with at least one
primary code and, where more than one
prunary code has been used (eg multiple
land use). then the code reflecting ihe
dominant use was recorded first.

The smallest area that field surveyors
recorded (the mirimumn mappable area)
was 0.04 ha (400 m?). No vegetation type
{except bracken) was mapped as a
separate unit unless it achieved th:s size.
The minimum mappable length of any
boundary feature was 20 m.

The mapped area of each land cover
parcel. and the length of each boundary. or
boundary segment, was determined by the
constancy of a combination of codes; where
any one description differed, then a new
area or length was demarcated and a new
cornbination of codes was used. The same
coded descriptions were used in both 1984
and 1990, except for minor amendments as
shown in Appendix 2.

Boundary features were mapped and coded
as 'singte lines’ on the map, even theugh
there may have been several differem
elements associated with each (eg a hedge
and a fence on top of a stone bank) For
adjacent Lines to be mapped individually,
then a clear gap between all the elements of
the two boundaries had to be dentified

as
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Boundaries of land associated with
buildings (curtilage) were not mapped in
detal. Boundary {eatures within woodland
were nol mapped.

To assist in field mapping, limited aerial
photegraphic interpretation was carried oul
for each square. Using photographs of
various dates, but all taken since the 1984
survey. features that were noe longer
present, and those that were new 1o the
map were marked on a ‘'master map' which
was used as a base [or field recording.

Vegetation recording in plots

2.3.10 Vegetation data were collected from up to

23.11

27 plots in each of the 508 CS1990 field
squares. In 1977-78 vegetation data were
also collected from a smaller number of
plots. in 256 squares

The vegetation plots were of three types.

i five 200 m? vegetation plots in
stranfied random locations - "Main
plots’

These plots were located at random
within five equal-sized sectors of the |
km square. If they folf on a hnear
feature, they were relocated at random.

i five 4 m? vegetation piots placed within
semi-natural habitats only ~ 'Habitat
plots’
These plots were placed in semi-natural
habitats not covered by the larger
random plots, according to a random
allocation procedure.

it up1o1710m x| m Lnear plots placed
alongside field boundaries ('Boundary
plots’), hedges (Hedge plots),
watercourses (‘Streamside plots’).
and roads/tracks (‘'Verge plots’).
The five Boundary plots were placed at
the nearest field boundary to each of
the Mam plots (if within 100 m) - onily
those Boundary plots that occurred
adjacent! to hedgerows have been
included in the current analysis.
Two Hedge plots were also placed at
random within each | ki square
Each of the Streamside plots was
placed at the edge of nunning water,
with a second, paralltel, 10 m x | m piot
being recorded on the waler side to
record any emergent macrophytic
plants; two of the Streamside plots were
located at random within the square
and three more were placed o sample
different sizes of viatercourses.
Verge plots were placed immediately



Figure 2.4 An example of a page from the field recording booklet (see Appendix 2 for codes)

Agriculture/Natural Vegetation
\A

Square: 4/366

Extra codes:

169 Poa annu
170 Agro repe
171 Urti dioi
172 Arrh elat
173 Phra aust
174 Hera spho

1ha| O

A |120 B 117 Cl118 D 133[139]145[169(175

E 121|141 F l120] | G|143 H [124 | 1133|170[256|138
J [133[138|145147{175 K [134|141{171]175 M [133]139|147|175
N |133|139[172175 P |101|138[147]175|191| (3)

Q |133|145|147]175 R l109|173{176 S [1341174|175

U [133|138[170[175] | Z |133[140[174|175

T |133|138[172|175 V |999

, Agriculture/Natural Vegetation
6
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2313

2314

2.3.15

2.3.16

adjacent to the road edge, in roadside
verges wider than 2 m, a second,
parallel Verge plot was recorded
immediately adjacent to the first one
(see Wide Verges mn Resuits section);
two of the Verge plots were located at
random and three were placed to
sample different road types.

Table 2 | shows the numbers of vegetation
plots that were recorded during the survey.

Because the Matin plots were placed at
random within the | km squares, the
numbers were directly propoertional 10 the
extent of the cover types present; this was
also true of those linear plots that were
placed at random. By contrast, the
additional linear plots (placed 1o sample
different types of linear feature) only gave
nformation on the characteristics of the
resource, as they were placed along linear
features regardless of the length present.
The absence of the features within some
squares meant that the numbers had a

relationship wath length, but it was not exact.

The Habitat plots were targetted (at semi-
natural habitats) and. whilst able to give a
measure of the relative abundance of the
habitats concemed, they could not be used
1n a siatistical sense to estimate relative

frequency.

The field survey was completed between
June and October 1990. The work was
carried out by ITE staif working with
specilally recruited field botanists in teams
of two. Each siie 1ook between two and six
days 1o survey depending on its
remoteness, ntrinsic heterogeneity and
other independent factors such as access
restrictions and weather.

A Quality Assurance Exercise was
completed which gives an independent
measure of the accuracy and efiiciency of
the field surveyors. This 15 discussed in
section 2.4.

All of the field data were handled and
processed at [TE Merlewood. There were
three major activities:

1. diguising of the mapped linework
using ARC/INFO GIS,

u.  computer entry of the codes which

describe the mapped {eatures, and

storage i a proprietary data base

system (ORACLE).

computer entry of the coded

vegelation data from the plots (also

1.

27

Table 2 ! Types and numbers of vegetation plots

Plot iype

Max per square  Total

Main plots (200 m?)
Habita: plots (4 m*)

Hedge plots (10m x 1 m)
Boundary plois (10 m x | m)

Verge plots (10 m x | m) - random
Addimonal Verge piots (10m x 1 m)

Strearns:de plois (10 m x | m) - random
Addinonal Sireams:de plois (10 m x | m)

Tota!

2531
2529

S

)

2 564
S 1807
2 789
3 1 165
2

3

885
1 287

11557

2.3.11

2.3.18

2.3.19

2.3.20

2.3.21

stored in ORACLE).

Data validation was carried out by double-
punching of data. routine logical checks and
on-screen visual checks. In addition, rule-
based checks have been completed 10
ensure consistency n the use of mapped
data. For the purposes of reporting. the
combinations of codes which describe land
cover and landscape features have been
aggregated into 58 categories. These are
the same as the 59 categories dentified in
the Land Cover Deinimons (LCD) project
(see Figure 2 2). except for minor
differences in the classification of coppice
woodland and built categories.

Analysis of the mapped information has
been completed using the overlay facilities
of the ARC/INFO GIS, and its links with the
ORACLE daia bases. Such methods have
been used 1o generate the extent and
frequencies of features in each of the
sample squares, which were combined to
estimate the average amounts of each
feature in each ITE Land Class.

The ways in which sample data have been
used to make national and regional
estimaies have been described elsewhere
(eg Bunce & Heal 1984). Simply. the [TE
Land Class means for any feature are
multiplied by the number of squares of that
class in the reguon. The 1otals for each class
are then summed to give a final toial for the
feature.

Statistical errors are given for all estimates.
Full discussion of the procedures, including
those esimating change between surveys.

and choice of error terms is given in

Appendix 3.

Plant species nomenclature follows
Clapham, Tutin and Moore (1987) To
ensure that any recording differences
associated with difficult taxa, rarity and non-
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native introductions are minimised. the
species were classified according to the
following descriptions (analyses of the
vegetation data being urdertaken with
different levels of confidence, depending on
which classes are included):

. spectes which can confidently be
regarded as consistenily recorded;

«  species complexes, aggregates or
where known problems occur;

. naturalised species;

. planted species;

. species that were recorded at only
one survey date.

Analysis of the vegetation data has been
carried out at different levels:

. individual species:

. classification of plots according to
species present (plot classes):

. groups of species that occur
frequently together and which are
characteristic of different habitats
{species groups).

Vegetation i1s composed of difflerent
combinations of individual species,
reflecting the local habitai conditions. Some
vegetation is very simple in this respect, as
in a uniform ploughed field, and contains
few species from a restricted range of
environmental conditons. Ciher vegetation
may be complex and, within one sample
unit, may contain species with differing
micro-habitat requirements (eg local
variation in nutrient levels and moisture).

Within Britain, there are some 250 vascular
species that form the main vegetation
cover. and the assemblages in which they
are found are conunuously vanable. The
objective of a classification technique such
as TWINSPAN (Hil 1979) is to use
mathematical procedures to divide the
vegetation continuum wnto classes which can
then be defined in terms of the species
present, These are termed plot classes
and their characteristics can be
summarised by convenient names which
help the user to recognise them (eg grass
leys, moorland). Each set of plets, as shown
in Table 2.1 (eg Main plots, Hedge plots),
has been classified separaiely using
TWINSPAN 10 give a unique set of plot
classes (eg Main plot classes, Hedge plot
classes).

The species present, within all of the plot
classes, can be divided intc groups of
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24.1

2.4.2
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species (species groups) which have a
sunilar distribution throughout the
vegetation plots. These groups can be
defined using a variety of mathemaitical
techniques but, in the present study,
minimal variance clustering of the
DECORANA ordination was used. Each
species occurs in only one group and the
species within a given group have sumilar
habitat requirements (eg held margin
plants, bog pool plants).

Quality control and assessment
- field survey

The field survey element of CS1990 was
carried out by about 40 field surveyors and
took place over a five-month time span
which included a peniod of drought in parts
of GB. Inevitably there was some variation
in the way data were recorded. associated
with different observers. times of year,
geographical and ecological zones, and
types of information.

Within the project, quality control has
remained an imponant consideration and
every effort has been made 10 ensure
consistent field recording. However, it is
important that a proper assessment is made
of the remaining differences and this can
only be achieved through some form of
quality assurance measurement, or quality
assessment {(an approach which has often
been overlooked within other surveys of
this type).

A Quality Assurance Exercise was
undertaken late in 1990 A preliminary
examination of the results suggested that a
significant cause of differences in species
recording may have been due to mis-
location of plots and 1o variations in the
times of year of the recording. To examine
these pomnts more thoroughly, a further
study included a re-survey in 1951, visiing
sites on or about the same time of year as
they were surveyed during the main
survey.

The four aims of the quality assessment
were:

1. to quantufy the accuracy of field
recording in CS1990 and hence to
cormment on the accuracy of change
statishcs;

. o explain any differences in recording
n terms of observer error, ime of
year, plot locaton, type of information,
geographical region and special
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factors such as drough;

i1 torelate the conclusions from (i) and ()
to previous comparalive work dene on
[TE survey methods

iv. 1o recommend meodifications to survey
methodology for future surveys which
would improve the accuracy and
confidence of the resulting statstics.

The work was carried out by Ecological
Surveys (Bangor) and is summarised in
Appendix 4.

The main points to note from the quality
assurance work are given below.

* The permanent marking of plots was of
sufficiently hugh standard to suggest that
detailed changes in vegetation may be
followed using the present survey
methods, but that plot re-location may be
time-consuming, especially in the
uplands.

» The initial recording accuracy was
between 74% and 83%. depending on
such faclors as weather, seasonal
variation and relocation of plots. This level
of accuracy 1s close 10 the maximum
attainable efficiency that can be expected.

*+ Estimauon of species cover values as part
of field mapping was variable and needs
1o be improved in further surveys.

« Trends in vegetation charge have been
related to environmemntal change, using
correspondence analysis. The consistent
directions of change between 1990 and
1991 indicated that 1990 plot data are
sufficiently reliable to demonstrate
environmental change.

* Land cover mapping was more reliable at
the primary code level (84% agreement)
rather than al more detailed levels (78%
agreement for objective qualifying codes;
49% for subjective qualifiers). Recording
was more reliable in the iowlands (95%
agreement at primary ccede level) than in
the uplands (71%)

The steps that were taken to ensure reliability
are shown in Figure 2.5. Recommendaticns
on modifications to survey methodology have
been made and these will be taken into
accournt in the planning of future surveys of

this type.

Freshwater studies

The data bases analysed in the freshwater
componert of this study were of aquatic
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macro-invertebrate assemblages in streams,
nivers, drains and canals. Complementary
environmental data were compiled from
conmemporary field measurements and from
cartographic sources. Separate data bases
were used to relate faunal information and
water quality to [TE Land Class and land
cover:

. CS51990 field survey
. environmental qualty
. other related surveys and data bases

Countryside Survey 1990 - field survey
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Where present and suitable, a single running
watercourse was sampled in each of the 508
| lan squares surveyed as part of CS1990.

In this context, a suitable stream was one of
first, second or third stiream order. A first-
order stream is one with no tributaries, a
second-order stream is one formed by the
confluence of two first-order streams and a
third-order stream results from the merger
of two second orders.

Fourth- and higher-order streams were
regarded as unsuitable for sampling for
three reasons.

1. They could be deep and silty and
therefore potentially dangerous to
sample in remote locations.

ii. Deep sites would have required
additional, cumbersome equipment to
sample adequately and this could not
easily be carried 1n the field.

bi. Higher-order watercourses occurred
so infrequently in the survey squares
that they were too few to allow
meaningful comparisons between [TE
Land Classes and might even distort
any attempt to do so.

Higher-order streams were well
represented in the other data bases
available for analysis.

A set of rules was established 1o select the
watercourse and site location in each survey
square.

* Ruwvers were given preference over
canals which, in turn, were preferred to
drains.

+ Third-order streams were given
preference over second-order and
second-order over first-order. This
procedure tended to equalise the
number of sites sampled in each .
category -

* Inthe absence of rivers, the largest canal
{or drain) judged to be wadable was



Figure 2.5 The processes involved in the collection, manipulation and analysis of the
Countryside Survey botanical data

Botanical data

Sample squares

l

Quality assessment

l

Double punching

|

Removal of aggregates

l

Category 1 species

l

Plot classes
Analysis Comparison
Species Individual National Functional
groups species Vegetation types
Classification (CSR)

(NVC)
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selected.

. Where possible, the site on the chosen
walercourse was located near the
point where 1t flowed out of the 1 kin
square. This tended to maximise the
proportion of its catchment which lay
within the square and was therefore
surveyed for land cover and use.

*  Reaches just downstream of possible
point sources of pollution or near
human artefacts (eq just downstream
of a sewage treatment works or close
to a welr) were avoided. No other
critenia were established 10 ensure
that the selected stream was
necessarily the least polluted of those
available within the square. This
strategy ensured that, in future
surveys, the opporiunity io record
improvements in quality, as well as
detenoration. was available within the
data set.

. Given the above criteria. the sites
were selected to be reasonably close
10 roads and tracks in order to limit the
distance sampling equipment had to
be carried.

Site selection was made in the laboratory
prior to sampling Field surveyors were
permitted to modify the sampling point in
the feld, under certain defined conditions:

*  ithe selected watercourse was dry;

. i the entire wadth of the selected
watercourse was 100 deep to wade
with safety:

. if the chosen site was physically
inaccessible with safety;

+ il permission to sample was withheld
by the landowner.

Field selection of a reptacement site was 10
follow the same criteria as had been
employed n the onginal selection
procedures. (Field surveyors were
instructed not 1o alter the location of
sampling sites purely for their own
convenence.}

Samples were collected by use of a hand
net The preferred sampling procedure
was 10 hold the mouth of the net
downstream of an area of stream
substratum being vigorously disturbed by
the surveyor's foot. Where aquatic
macrophytes were present. these were also
sampled by ‘sweeping’ the net through the
vegetation. If these tlechniques were
impossible (eg some very shallow streams),
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the surveyors were asked 10 improvise
using the most appropriate strategy to
collect anmals.

The preferred and several alternative
sampling strategies were demonstrated 1o
all surveyors during a pre-survey (raining
course.

Whichever sampling strategy was used, the
active sampling duration was 10 be three
minutes and the underlying objective of
sampling was to collect the widest possible
variety of species within this period.

In general. drains and canals were only
sampled where wadable in thigh waders,
although some such watercourses were
only sampled from the margins where the
nature of the subsiratum rendered them
potentially dangerous to enter.

Samples were preserved in formalin and
identified to the best achievable level,
normally species. Most identifications were
made by two highly trained staff who
worked together to identify difficult or
conlentious specumens. Specialist help was
enlisted to identify or confirm identifications
of difficult groups or problematic
specimens.

As a further safeguard against mis-
identification, the lists of taxa idenufied at
each site were scrutimised by other,
experienced IFE staff members. Any
unusual specimens, or specimens thought
to be at or beyond their perceived
ecological range, were re-examined in case
of error.

A standardised level of identification was
used in all statistical analyses and
presentation of analyses. This meant that
any small or damaged specimens which
could not be 1dentified to the usual detaled
level. for thelr taxonomic group, were
deleted from the analytcal data set.

At each sampling site, field surveyors
recorded environmental data associated
with the site on a standard recording sheet
Bankside vegetation and land use, channel
management and polluiion were recorded
for a 25 m length of watercourse either side
of the sampling site. Watercourse size
characieristics, current velocity and
substratum were recorded for the sampling

-slte; locational and the remaining



geographical and hydrological data were
read from maps Furiher detals of how
these calegories were recorded are
available in the Field Handbook (Barr 1990).

Environmental quality

2515

2516

2518

2.5.19

Each site was assigned to a biological
quality class using procedures devised and
recommended by IFE. These were
associated with their classification and
prediction software package RIVPACS
(Wnght et al. 1988, 1991, Clarke et al 1592;
Sweeting et al. 1992: Furse et al 1987; Moss
el al 1887).

RIVPACS assessments are based upon
biotic index values of sites derived from the
taxa present. The method used is the
Biological Menitoring Working Party
(BMWP) score system (Armilage et al.
1983). Each family of invertebrate present
15 allocated a score according to its
tolerance of organic pollution. Intclerant
1axa are assigned high scores because their
presence indicates a lack of pollution.
Conversely, pollution-1clerant 1axa have low
scores. The BMWP site score for the sile is
the surn of the scores of the individual taxa
present.

A criticism of the scoring system is that it is
effort- and efficiency-related. The BMWP
score is likely to increase with the duration
of sampling or improved efficiency of the
person sampling. A much less
performance-related derivative of the
scoring system is the average score per
taxon (ASPT). This is the 1otal site score
divided by the number of taxa contributing
to that score. The ASPT is thus the average
pollution 1olerance of the taxa captured.

The ratio of the observed score or ASPT of
a sample cellected from a site and that
predicted for it by RIVPACS is termed the
Environmental Quality index (EQI) and is an
expression of the extent to which the fauna
of a site matches that 1o be expected in the
absence of environmental stress (Wrnight et
al 1988). A perfect match provides an EQI
of 1, whilst a site without 1axa will have an
EQI of zero. Using this procedure, sites of
entirely different environmental character in
different parts of the country may be
compared on a common basis.

A quality banding system has been derived
by dividing EQIs into four value ranges for
single- or multiple-season sampling (Clarke
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et al. 1992). Different but complementary
value ranges apply to score and ASPT. Asite
may be banded according 1o score or ASPT
alone or an overall band may be ascribed
which 1s an integration of the separate bands
derived from score and ASPT {(Wright e! al.
1981) The integration is weighted more
heawvily towards the ASPT band because this
denvative of the system is least effort-
dependent.

All sites 1n the CS1990 data set, for which
RIVPACS is operative, were assigned to an
ASPT quality band using this methodology.
This excluded sites with National Grid
References beginning with the lettler "H'. for
which the requisite climatic data were not
incorporated in the software package, and
any other site with missing environmental
data. Atotal of 339 sites remained. It should
be noted that, even where theoretically
operative. the RIVPACS predictions are
based on comparing the sites to be banded
with those of strnilar environmental
characteristics held in its data base. If no
directly comparable sites are held, then
those most similar to the site 1o be banded
are used. In this case, the system provides a
warrung that the prediction must be treated
with some caution.

Related surveys and data bases

2521

Prior to the incorporation of running water
studies in CS1990, DOE funded a feasibility
siudy. In 1988 a pilot study of running-water
macro-invertebrate assemblages was
undertaken in 156 of the | km squares
studied by ITE in thewr 1978 field survey. In
four squares a second sample was also
collected, making a total of 160 samples
available for analysis. The seasons and
methods of biological and emvironmental
sampling were the same as the full 1980
survey. The same level of identification was
achieved by the same personnel and the
same methods of daia validation were
applied.

2.5.22 The IFE scientists collaberating in CS1990

have also worked on a wade range of other
studies involving the coltection and
dentification of running-water macro-
invertebrate assemblages. Almost all
sampling was undertaken at sites

believed 10 be unpolluted and in the highest
chemical and biological quality class, as
assessed by the standard procedures
adopied by the water industry. In addition to
the rwo sets of sites referred to above,
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2.6

2.6.1

approximately 700 other sites were Characterisation of ITE Land Classes - 1978
avalable for analysis. Each had been field survey

sampled using the slandard procedures

used in the CS1990 and subject to the 262
same identification procedures. Each was
supported by information on the same

suite of environmental variables.

CS1990 coincided with the most extensive
biologicat survey of river quality ever
undertaken in the Uniled Kingdom. The
survey continued the cycle of
quinquenmal and largely chemisiry-based
surveys of water quality undentaken on the
behalf of DOE since 1970. The 1990
biological survey was organised and 263
implemented by the National Rivers
Authority (England and Wales), River
Purification Boards (Scotland) and
Department of the Environmemn (Northern
Ireland). IFE were requiarly consulted by
the organisers before, during and after the
survey The macro-invertebrate sampling
procedures were those used by IFE in
accurnulating the data sets referred to
above. A similar set of environmental
variables was measured and

recorded.

All biological and environmental data

resulting from the surveys, together with
the vast majority of the original samples,
are held by IFE and available to them for

Al the time of the development of the ininal
[TE Land Classification and the first
couniryside survey carried out by ITE.
there was no uniform national soll data set
covering England. Wales and Scotland.
Major surveys were in progress by the
Soil Surveys of England and Wales, and of
Scotland io fill in the gaps between the
existing, published soll maps with the aim
of producing a national coverage at the
1:250 000 scale.

In the absence of uniform soil data. it was
not possible to incorporate soils into the
initial classification or 1o extract data on the
solls of the survey squares from available
data bases. As aresult, soil data were
collected from each survey square during
the 1978 ITE field survey. A scil pit was
dug adjacent 1o each of the five random
vegetalion quadrats recorded in each

] kan sample square; the soll profile was
described using a simple proforma and
soll samples were collected from the
surface horizons. The souls were later
allocated 1o cne of a number of soil types,
essentially soll groups. on the basis of the
profile description and {ield notes.

analysis. Only the results from the main 264 The resrultant SOL.I d‘?“a were useld I.O
CS1990 field survey are presented in determine the distribution of soils in the
detall here. Further analysis will be given ITE Land Classes and have _been used in a
In a separate thematic report. number of subseqpem §tud1es based on
the ITE Land Classification. However, it
was always intended that improved dala
would be linked to the classificanon as and
Soil surveys when they became available.
During the CS1990 project there have Characternisation of ITE Land Classes - data from
been two important developments with soil maps

respect to the linking and integration of

soil data with the ITE Land Classification. 2865
The first has involved the provision of soil

data for each of the ¢ 240 000 1 kam

squares in GB from the data bases of the

Soi Survey and Land Research Centre

(SSLRC) and the Macaulay Land Use

Research Institute (MLURI). The second

has involved the detailed mapping of the

soils of each of the S08 1 km sample

squares surveyed during CS1990. These

additional data present considerable

opportunities for the increased and 2866
enhanced incorporation of sol information

into studies based on the ITE Land

Classification or the field survey squares.
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In 1983.a senes of 1:250 000 scale soil
maps were published which provided
complete coverage of GB. During
CS1990, SSLRC and MLURI were
commussioned to develop a soil data set, in
machine-readable form, based on the
national maps and providing information
on the soll subgrcups occurring in each

] kan square in GB using a uniform
classification.

The data were presented as the dommnant
and a senes of subdominant soil

subgroups occurring in each | km square
Separate data files were produced by the



Figure 2.6 An example of a soil survey map

SSLRC - ITE Countryside Survey

ITE No: 11/301
Grid ref: -
Location:
Surveyed by:
Date:
Scale: 1:10,560
Symbol Soil series Subgroup Complexity
aF Aberford 511 Varying stone content
BE | Bearsted 5.41 Some more silty areas giving
Atrim series
ca Cranwell 5.11 .
Di, Dinorben (sandy variant) 5.51 Less stony than Di, topsoils often
stoneless. Soil readily blows
Di Dinorben 5.41 Stone content varies from
stoneless to slightly stony
Da Denchworth 7.12
HP Hopsford : 5.43 Variable degree of wetness.
Marginal to well drained
0) 4 Oxpasture 5.72 Area includes patch of landslip
WA Waltham 541
Comments:

34



2861

SSLRC and the MLURI based on the
respective national maps and using the
respective national classifications. The
SSLRC produced scftware io facilitate the
conversion of the MLURI classificationary
units into the equivalent units in the SSLRC
classification.

274

The merged data sets, with all soils
classified in terms of the SSLRC
classificaton have been analysed to
determine the distribution of soils between
[TE Land Classes, the most common soils in
each ITE Land Class, and the distribution of
sols in the four landscape iypes. The
numbers of 1 km squares in each ITE Land
Class in which given soil subgroups occur
as the dominant or subdominant soil were
calculated. The numbers recorded were
then expressed as a perceniage of the total
| kan squares within the given ITE Land
Class; the five most commonly occurring
soll units in each ITE Land Class were listed.

2135

216

Soil surveys in CS1990

268

2.7

2.7.1

212

2713

During CS1980, SSLRC and MLURI were
commissioned 1o carry out detailed soll
surveys of each of the 508 1 km field survey
squares The mapping was done at the
1:10 000 scale and at the series level,
wherever possible. Figure 2.6 provides an
example of the completed maps.

Summary of Chapter 2

One of the primary objectives of C51990
was that information on a varie'y of topics,
related to rural land use, should be
iniegrated to provide a holistic view of the
Briish countryside in 1990. To do thus,
there had to be a common {ramework
within which the different parts of the survey
could function. This was provided by the
ITE Land Classification. and s use ofa | km
square grid, which allowed information to

~ be integrated and summarised on a

common spatial basis.

Census land cover mapping of GB was
completed by the interpretation and
classification of Landsat satellite imagery.
Although undenaken at a pixel size of 25m
x 25 m. the resulls of the classification were
also summarised at the | kan square level.

Sample survey information on land cover,

land use, landscape features, habitats and
vegelation in quadrats was collected in 508
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1 kan squares in GB, stratified by [TE Land
Class. Data were summarised using the [TE
Land Classification.

Although quality control was carried out at
all stages and wn all parts of the project, a
special Quality Assurance Exercise was
completed in relation 1o the field survey.
The results suggested that recording
accuracy was as ‘close (o the maximum
attainable efficiency that can be expected'.

Information on freshwater biota, and water
quality. was collected from a variety of
sources, including sampling the 508 1 kan
squares. Results have been expressed a
the 1 kan sguare level and by ITE Land
Class

Soll information has been assembled from
existing maps and. at a greaier level of
spatial accuracy, by survey in 1990 of the
508 1 ki sample squares. Resulis have
been expressed al the 1 kan square level
and by [TE Land Class.



Plate 1 The Land Cover Map of Great Britain
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3.9 Summary of Chapter 3 33
3.1 Interpretation of results to be biased in any particular direction and it is

While the outputs from this study provide the most
up-to-date figures available on the stock and
change of land cover, landscape features and
vegetation, caution should be used in thewr

likely that any differences wll ‘balance out' over
the whole data set. (See also quality assurance
insection 2.4.)

interpretation, as follows. 3.2 1990 stock figures from satellite
imagery
* Figures resulting from the land cover map.
produced by interpretation of satellite imagery., Land cover mapping
provide census data (land cover summaries are
gven for every 1 km square in Great Britain 321 Theland cover has been fully mapped,
(GB)). Because they are census daia, they do except where very small pockets of cloud
not need to carry expressions of statistical cover obscured the land surface. The main
accuracy (in contrast to sample-based systems). output is called the Land Cover Map of
However. the results have been obtained using Great Britain, and is shown in Plate 1. Out of
computer-aided interpretation of satellite data 3% which remains unclassified. perhaps
and there will inevitably be a proportion of one-fifth is unclassified due to cloud.
instances where incorrect classification takes Elsewhere, unusual cover types are the
place. Validation of the satellite data is ‘most likely cause. The only other
discussed in section 3.6. onwards. exceptions to this observation are Tiree,
pan of Coll and the northern and southem
» The feld survey estimates of stock and change tips of Shetland which did not fall wathin
are derived from a sample-based survey. As suitable Landsat scenes of GB. These areas.
with any such system, there are siatistical errors totalling perhaps 200 km?, represent just
associated with extrapolation frem a sample to 0.1% of GB. They will be added to the land
nationat estimates. These error ierms are given " cover map after classification of alternative
where possible and should be taken into images, eg Landsat Multispectral Scanner.
account when interpreting results, especially in
considering change. A full account ofthechoice 322  Inall. 46 different scenes were required to
of error terms, and how they were calculated, is make up full cover of GB: 88% of GB was
given n Appendix 3. classified from combined summer/winter
images, and 12% from single-date. mostly
= Although every effort was made 1o standardise summer, data
recording procedures in the field (including an
extensive traimng course; use of a field 323 Geometric correction was 10 subpixel level:

handbook (Barr 1990), use of aenal
photographs; field supervision and checks;
mixing of field teams), there are likely to be
some differences in the way that the data have
been recorded by different observers. There is
no reason to expect estimaies of field recording
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this means that the pelynomial model for
correction placed ground control points
within | pixel of their Ordnance Survey
(OS) mapped position. Co-registration of
vector field maps of 143 Countryside
Survey 1890 (C51590) squares with Landsat
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raster equivalents showed that an average
displacement throughout was 0.8 pixels (20
m). 75 out of 143 squares needed no shift to
achieve correspondence, 43 squares a one
pixel shift, 15 squares 2 pixels movement
and only 10 squares required more ihan 2
pixels movement.

Classification of the satellite imagery
produced 25 target classes (cf section
2.2.13 and Table 2.1), aggregated 1o 17 key
cover types with correspondence 10
C51990 field and other surveys. The
classes were further simplified 10 nine
major cover types for pattern analysis.

A new suite of image analysis procedures
was developed for this project. including
some novel approaches to contextual and
knowledge-based corrections of class
maps.

The results take the form of computer files
of raster data. stored as 100 ki x 100 ki
sections. Varicus hard-copy products have
been demonstrated and it 15 intended 1o
publish generalised land cover maps.

Maps at full detail can be made to order.
though it is expected that the major uses of
the data will be in Geographical Information
Systems (GIS).

The land cover of Great Britain

321

Table 3.1 qives land cover statistics for GB
and the breakdown of land cover within
England. Seotland and Wales. In this
discussion. urban land includes continuous
urban and suburban land. and semi-natural
vegetation includes rough grass/marsh,
bracken, heathVmoor grass. open shrub
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heath/moor, dense shrub heath/moor, bog,
deciduous woodland and saltmarsh, but not
managed grass.

In GB as a whole, managed grassland is the
most extensive land cover type (27%),
followed by tilled land (21%) and open
shrub heath moor (12%). Urban land
amounts to 7% and semi-natural vegetation
covers cne-third of GB.

In England the predominance of tilled land
and managed grass is notable, together
covering 66% of the land surface. Urban
land in England amounts to 10%, a higher
propornicn than in Scotland or Wales.
Woodlands cover 8% and heath/moorland/
bog categories add to 9%. Semi-natural
vegetation covers about 17% of Engtand.

In Scotland, there is a much higher cover of
heath/moor/bog (52%), with managed
grasslands important at 15%: arable land
covers just 8% of Scotland and urban areas
amount to under 2%. Established
coniferous forestry now covers 6% of
Scotland. but, in addition, there will be
some new planting which will have been
classified as moorland. Semi-natural
vegetation covers over 57% of Scotland

In Wales, managed grasslands dominate
with 38% cover; arable covers just 5%
Woodlands are important with 16% cover
and heath/moor/bog areas cover 20% of the
country. Urban areas only cover 3%
Bracken, the only species given a cover
class of its own, Is at its mosi prevalent in
Wales (5%). Semi-natural vegetation
covers more than 39% of the country

Tabic 3 ! Land cover (an?®) :n England. Scoland. Wales and GB {from the satelliie land cover map -1850

England Scotland Wales GB

Land cover class Arca % Area % Area % Arca %

Conunuous urban 2446 ' g 103 Q1 55 03 2 603 11
Suburban 11243 84 1312 15 614 28 13 16% 5.5
Tilled land 43311 324 6921 81 1082 50 51313 214
Managed grassland 44489 333 13 001 153 818l 379 65672 273
Rough grass/marsh 1588 1.8 | 659 20 660 31 4 307 18
Bracken 1296 1.0 1 153 14 1154 53 3603 15
Heath/moor grass 7570 5.7 10672 126 1 661 91 20203 8.4
Open shrub heath/moor 2349 18 23580 282 1539 741 276868 1186
Dernse shrub heath/moor 1236 09 5410 64 574 21 7220 30
Bog 271 02 3807 45 231 11 4 309 18
Deciduous/mixed woodland 7873 59 1 934 23 2523 11.7 12 329 5.1
Coniferous woodland 2184 16 4 659 55 879 4.1 7722 3z
inland bare 1013 08 1408 1.7 144 0.7 2 566 11
Saltmarsh 293 02 54 01 43 02 389 02
Coastal bare 681 05 596 06 144 07 1421 06
Inland water 392 0.3 1249 13 73 03 1714 07
Seasestuary 1857 1.4 5203 47 613 28 7683 32
Unclassified 3149 24 1 868 39 1116 52 6133 2.6
Total 133651 100.0 84 987 1000 21584 100.0 240222 100.0
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Tabie 3 2 Land cover (kan®) in (ne arable landscapes of Pngland Scoiland. Wales and GB from the satellie land cover map - 1690

England Scoiland Wales GB
Land cover class Area Y% Area % Area % Area %
Conurucus urban } 194 18 62 04 4 04 1 259 15
Suburban 6 100 92 B34 51 26 30 6 960 85
Tiled lard 29228 443 4071 279 81 9.1 33380 410
Managed grassland 19119 289 4376 300 455  51.4 23950 294
Rough grassimarsh 1226 19 393 217 18 20 -1 637 20
Bracken 177 03 86 06 27 3.1 290 04
Heath/moor grass 112! 17 686 47 24 28 1 831 22
Open shrub headvmoor 349 08 1338 92 43 48 1730 2.1
Dense shrub heathymoor 172 03 363 25 3 c3 537 Cc7
Bog 46 0t 130 0% 2 02 177 02
Deciduous/mixed woodland 5026 6 548 38 120 13% 4693 58
Conuferous woodland 941 14 879 50 13 15 1834 2.2
Inland bare 545 08 65 04 3 03 513 28
Salimarsh 85 01 11 01 1 01 97 0l
Coastal bare 135 0.2 54 04 2 03 192 02
Inland water 175 03 162 il 0 00 337 04
Sea/estuary 420 06 229 ) 15 5 05 653 0.8
Unclassified 986 15 292 20 58 66 1337 1.6
Total 66 043 100 14 579 100 885 100 81 507 100
Arable landscapes exiend to 17% of Scottish and 8% of Welsh
arable landscapes. Deciduous woodlands

3.2.12 Inthe arable landscape of GB. tilled land occupy 6% of arable landscapes in England

forms 412 of the land area. occupying 44% and in GB as a whole, but this includes

ofland in arable landscapes of England, values as low as 4% in Scotland and as high

28% in Scotland and 9% in Wales (Table as 14% 1n Wales. Less than 14% of this

3.2). Managed grasslands are nearly as landscape type comprises semi-natural

extensive, occupying up to 30% of arable vegetation.

landscapes in both England ard Scotland

and over 50% in the Welsh arable Pastural landscapes

landscapes. About half of all urban land fails

in the arable landscapes. with 11% of 3213 In pastural landscapes, managed grasslands

England’s arable landscape under wban dominate with 39% of the land cover of

cover types. a corresponding value of 6% in pastural Britain, in¢luding 39% of England

Scotland and 3% in Wales. Not surprisingly, 35% of Scotland and 42% of Welsh pastural

heaths, meors and bogs are relatively landscapes (Table 3.3). Tilled land

scarce al 5% cover: although these only occupies 22% of pastural Britain, occurring

form 3% of English arable landscapes. they in 25% of English, 20% of Scotiish and 8% of

Table 3.3 Land cover (xan®) in the pastural landscapes of England. Scotlanc. Wales and GB from the satelliie land cover map - 1550

Engand Scotland Wales GB
Land cover class Area % Area % Area % Area %
Conunuous urban b172 23 16 02 47 04 1238 18
Suburban 491! a5 ’ 205 24 454 44 5 582 79
Tilled land 13160 254 1682 198 833 80 15720 222
Maraged grassland 20335 353 3001 353 4370 418 27781 393
Rough grass/marsh 555 11 333 39 378 36 1310 1.9
Bracken 334 06 75 0S €61 63 1 Q72 15
Heath/moor grass 2227 43 640 1% 435 1.2 3314 47
Open shrub heath/moor 462 09 816 96 328 32 1617 23
Dense shrub heath/moor 243 05 199 23 54 05 498 0.1
Bog 53 0! g0 11 40 04 185 03
Dec:ducus/mixed woodiand 3les 6.0 267 3l 1098 105 4 503 6.4
Comnferous woodland 133 12 445 52 194 19 1262 18
[nlanc bare 409 08 40 05 61 06 511 07
Salmmarsh 208 04 13 02 42 04 284 04
Coasal bare 546 li 71 08 141 i 4 760 11
[nland water 141 03 67 0.8 20 02 229 03
Sewestuary 1 447 28 362 43 609 58 2425 34
Unclassified 1734 34 184 22 662 63 2385 34
Total 51720 100.0 8506 100.0 10427 100.0 70633 100.0
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Table 3.4 Land cover (kn?) in the marginal upland landscapes of England, Scotland, Wales and GB from saiellite land cover map -

1590
zrglard Scotland Wales GB

Land cover class Area % Area % Area % Area Yo
Corn:inuous urban 58 05 10 01 5 <00 72 02
Suburban 208 18 128 08 132 13 463 12
Tiled land 71 67 714 44 167 1.6 1 658 43
Managed grassland 4464 387 2814 176 3353 328 10651 2BC
Rough grass/marsh 118 10 335 20 262 26 115 19
Bracken 340 47 238 15 465 45 1243 33
Heaitymoor grass 2707 234 2514 154 1487 145 6708 176
Open shrub heath/moor et 63 4262 260 1161 11.4 6150 16.1
Dense sihrub heatlvmoor g22 45 1 020 62 510 30 2052 54
Bog 53 05 658 40 189 1.8 00 24
Deciduous/muxed woodland 682 £9 332 20 12C3 127 2317 61
Coniferous woodland 275 2.4 1150 7.3 670 66 2138 56
inland bare 50 C4 248 1.5 78 J8 316 1¢
Saltmarsh 0 0.0 6 <00 0 0.0 8 <00
Coastal bare 0 00 120 27 0 JC 120 03
Inland water 57 05 145 09 52 05 254 o7
Sea/esuary 0 00 1307 80 0 2.0 1 307 Ja
Unclassifed 209 27 265 16 353 k). ! 968 25
Total 11546 100.0 16366 100.0 10228 100.0 38 140 100.0

Welsh pastural landscapes  [n England,
urban land occupies 12% of pastural
landscapes. but the corresponding fiqures
for Scotland and Wales are 3% and 5%
respectively, giving a GB average of 10%.
Deciduous woodlands occupy 6% of GB
with figures for England. Scotiand and
Wales showing 6%, 3% and 11%
respecuvely. Conifers in English pastural
landscapes cover just over 1% while in
Scotland cover reaches over 5% and in
Wales 2% Thus. tree cover in Welsh
pastural landscapes reaches 12%, while 1n
England it is 7% and in Scotland 8%. About
16% of pastural landscapes in Britain
comprise semi-natural vegeiation

Marginal upland landscapes

3.2.14 Inmarginal landscapes, managed grass

dominates at 28% of the total (Table 3.4).

In England a higher proportion is managed
at 39%, while 1n Scotland and Wales the
amountis are less al 18% and 33%
respectvely. Tillage only covers about 4%
of margwnal landscapes. Heath and
moorland grass take second place in cover
terms at 18% of GB. In England the heath/
moor grass cover is 23%, in Scotland it is
15%. and in Wales 15%. Total heath. moor
and bog cover for GB 1s over 41%,
occupying 35% of marginal landscapes in
England. 52% in Scotand and 33% in
Wales. Bracken in marginal landscapes
occupies 3% of land, reaching 5% cover in
England and Wales. Only 1-2% of Britain's
marginal landscapes are uwrban. The result

is a landscape comprising over 52% semi-
natural vegetation.

Upland landscapes

3.2.15 The upland landscapes are dominated by

dwarf shrub heath: combined totals for
open and dense shrub heaths/moors in GB
show cover 10 be 45% (Table 3.5). In
England the figure 1s as low as 26%, in
Wales (where the upland landscape is
resincted mainly to Snowdonia) 1t reaches
32%. and 1n Scotland it extends to 47%.
Total heath, moor and bog cover in GB
uplands is 68%. Mature conifers cover 5%
of uplands. Urban land covers just 0.4% of
uplands. The 7% cover of sea/estuary
shows that this landscape type is one that
15 defined as being generally
characteristic of the uplands, but which
extends to coastal regions in the extreme
north and west of Britain. Total semi-
natural vegetation covers over 73% of
upland landscapes in GB.

Conclusions

3.2 16 The land cover mapping project has

successfully recorded the land cover of all
GB. 1t is the first such survey since the
1960s (Coleman 1961) and only the
second this century (see also Stamp 1962).

3.2.17 The most important development has
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been the provision of land cover data for
GB at a single point in ime. The
availability of land cover data in digital
form greatly facilitates access to the map



Tabie 3§ Land cover (k') in the vpland lardscapes of England. Scotland. Wales and GB from: saiellite land cover map - 1939

England Scotland Wales GB
Lard cover class Area % Area % Area % Ared %
Contnucus urban 22 05 15 <00 0 0.0 31 Ol
Suburban 25 06 145 03 0 0.2 170 03
Tilled lard 14€ 34 454 10 1 1.5 600 1.2
Managed grassland 571 132 21750 60 3 78 332% 67
Rough grassfmarsh 50 12 558 13 2 4.4 650 13
Bracken 245 56 754 117 1 29 1 000 20
Heath/moor grass 1315 34.9 6832 15.0 14 321 8362 67
Open shrub heath/moor 812 187 17564 386 6 148 18382 368
Dense shrub keathvmeo: 3C0 €S 3828 B84 8 174 4135 83
Bog 119 217 2928 64 1 18 3048 61
Deciduous/m:xed woodland 37 (03] 787 117 1 29 825 17
Conferous woodland 353 8.1 2145 47 1 12 2498 50
Inland bare 10 02 1 055 23 3 6.0 1058 2.
Saltmarsh 0 00 24 01 Q 00 24 00
Coastal bare Q 00 35! og 0 01 351 07
Idand water 19 04 875 19 4] 0% 894 1 8
Sea/estuary 0 00 3 306 73 0 0! 33C6 66
unclassified 120 28 1 126 25 3 65 1248 25
Total 4342 1000 45536 100.0 44 100.0 49922 100.0
information and manipulation for specific 3221 The most detailed analyses of the land

3.2.18

3.2.19

3.2.20

applications.

The Countryside [nformation Systemn (CIS)
holds summary data at | km square
resolution.  Although losing the full spatial
details of the original survey, this data set
offers an enormous quantity of information
and is swtable for most analyses where the
exact spatial context of land cover units is
not needed

3.3

331
The marriage. in CIS, of a general map of
total land cover with the detail of a sample-
based field survey offers a great potential
in terms of supplying integrated land cover
information. Additional informnation on
geclogy. sous, terrain. climate and
adminisirative boundaries can increase
this potential. These data are not only
available for scientiic enquury: the
relatively simple access to data and
analyses within the CIS allows planners,
policy-makers and landscape managers 10
access the data and suppor their decisions
with data and “tallor-made’ analyses.

The land cover data at full resolution show
Britain at a field-by-field scale. This allows
the provision of paper maps at scales up 10
about 1:25 000 or overviews at perhaps

1:1 000 000. Such maps can clearly help
those concerned with wider issues of land
management The larger-scale products
are likely to be specially designed. fitting a
user’'s requirements for scale and details.
The smaill-scale product is lixely to be
mass-produced for general use.
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cover data will be in GIS. These will aliow
users to explore the full resolution of the
oniginal data, drawing on detailed maps of
topography, climate, terrain and
admunistration.

1990 stock figures from field
survey

As outlined in the earlier sections, a great
variety of information has been collected on
land cover by field survey. Each distinct
parcel of land in the 508 1 km sample
squares was described and mapped using
combinations of coded descriptors. The
descriptors were based on a suggested list
of 100 primary codes which could be
further qualified with secondary codes
either drawn from the 250 suggested or, if
necessary. specially created. No limit was
placed on the number of codes which could
be used and the permutations are too
rumerous 1o present. Although the detail
allows specific interrogations to follow
precise and intricate questions, for this
report the data have been aggregated into
58 categories (see section 2.3.17). Further
aggregations allow the data to be
summarised in categories that correspond
10 those used in the land cover map (Tables
3.6-3 8).

The predicted areas of tand cover classes.
with standard errors, are presented in
hundreds of km squares (10 000 ha) and
are calculated using the methods described



Table 3 6 Land cover for GB [rom the CS1990 field survey. by area (/00 kin?) . standard error (SE) {00 kam?) and percentage (%GB)
(+ = presence <50 kn? or <0 5%) ‘Ihie subtctals (:n beld) correspond approximately to the 17 key cover types obtaired from the

satellite land cover map

G stock 1990 GB stock 1990
Cover type Area SE % Cover type Area SE %
Communications Rough grass/marsh
Railway 4 l + Non-cropped arable (ploughed and failow) 35 8 2
Road 44 2 2 Urmaraged grassland and :al! herb 27 P 1
48 2 2 'elled woodland 4 2 o+
Built up Waetland a7 5 2
Agricultural builldings 14 ! 1 Waste and derelict land 4 1+
Residenta buLdings 58 7 3 107 9 5
Other buitdings 30 5 | Dense bracken 317 6 2
Unsurveyed urban land 45 t 2 Moorland grass
160 10 1 Purple moor grass-dominated moorland 37 8 2
Tilled land Mooriand grass {other than
Whea: 223 15 10 Purple moor grass) 81 11 3
Barley 115 10 5 Dure 2 1 +
Qats 9 2 - 120 14 5
Mixed and other cereals 3 2 v Open heath
Ma:ze 4 2 - Open-cancpy heat 82 10 4
Turrups/swedes 7 1 + Berry-bush heath 12 3 1
Kale 5 2 + Drer norther bogs 52 8 2
Crl-seed rape (OSR}) 4] 6 2 146 13 6
Cruc:fer crops (cther than CSR) 2 ! + Denge heath 45 8 2
Peas 11 3 + Wet heaths and saturated bogs 166 15 7
Field beans 10 3 + Broadleaved/mixed woodland
Lequmes (not peas/field beans) - + + Perermal crops 7 3 +
Sugar beel 22 4 1 Mixed woodlarnd 22 4 |
Root crops (not turups/swedes/potatoes) 1 + + Broadleaved woodland 92 1 4
Polaioes 14 3 1 Shreb 9 1 +
Crher field crops 10 2 + 130 9 6
Horteulure 4 3 - Conifers 137 16 6
481 23 21 Inland bare
Managed grass Inland rocks and screes 2 : +
Recreaticnal (mmown) grass 25 S ] Hard areas without buildings 2 + +
Recently sown grass Tl 6 3 Quarnes and exiractve :ndustries 3 1 +
Pure rye-grass 203 14 9 8§ 1 +
Well-managed grass 8313 8  Saltmarsh 4 2 +
Weedy swards with >25% rye grass S9 8 4  Coastal bare
Noa-agnculturally improved grass 20 4 H [:nerndal sot coas! without vegetancn 12 4 I
Calcareous grass 7 3 + Hard coast with no vegetaion 6 1 +
Upland grass 61 7 3. 18 4 1
Mantme vegealion 3 L + Inland water
682 23 29 Suil waier 21 K ;
Runneng water 8 1 +
29 7 1
Total 2318

1 Unsurveyed urban land 1s a census esitmate from all 1 kan squares not surveyed and consequenily has no SE ‘The area 1s included
1n the bulli up category and per¢entage area but the ST s for the bt up ¢cateqgenes without ursurveyed urbar land

in Appendix 3. The surveys were of rural
land and excluded areas covered by more
than 75% built land or curtilage. The figures
presented include a total for these excluded

urban areas (‘unsurveyed urban land’), and a

prediction for the rural part of those squares.

3.3.3 The results (which are held in the CIS) are
presented here for GB, England, Scotland

and Wales, and for the four landscape types.

Great Britain in 1990

3.3.4
and show general agreement with the land
cover map (Table 3.1). Tilled land covers
21% of the land surface and 1s dominated by
wheat (10%) then barley (5%) and oil-seed
rape (2%)}. These figures differ from the
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The resulis for GB are presented in Table 3.6

1990 Ministry of Agriculture, Fisheries and
Food (MAFT) June census, which shows a
simnilar iotal for wheat and barley combined,
but with a different breakdown (wheat -

20 100 kan? from MAFF and 22 300 kan? from
CS51990; barley - 15 200 km? from MAFF
and |1 500 km? from CS1990).

3.35 The GB data are broken down by country in
Table 3.7. This shows that 31% of England
1s tilled (33% if non-cropped arable is
included), compared with only 9% of Wales
and 7% of Scotland. In boih Scotland and
Wales the barley area exceeds that for
wheat. Oil-seed rape accounts for 9% of the
tiled land in England, 6% in Scotland and
5% in Wales, while sugar beet accounts for
5% in England and less than 1% in both
Scotland and Wales.



Table 3.7 Nanona! land cover from the C51990 field survey. by area (‘00 km?). standard error (SE) (00 km?) and perceniage {3GB)
(+ = presence <50kr? or <C 5%) The subictals (in bold) correspond approximaiely o the 17 key cover rypes obtaned from the
satellite land cover map

Swock 1580
Ingland Wales Scotland
Cover mype Area SE % Alca  SE % Areg ST %
Communications
Rallway 3 1 - - + + 2 - +
Road 32 2 2 4 * 2 8 1 1
35 2 3 4 2 9 l 1
Built up ‘
Agncultural butldings 10 1 1 ] + ! 2 + ¢
Residenual buddings 53 B 4 8 4 8 ! 1
Orher buildings 22 4 2 3 + ! 5 2 1
Ursurveyed urkan land 4] 1 3 1 1 + 4 1 1
128 8 9 12 2 5 20 3 3
Tilled land
Wheat 202 I4 15 8 | 3 15 3 2
Sarley 80 8 6 7 | 3 29 5 4
Qats 6 2 + 1 + + 2 ] +
Mixed and oiher cereals 3 2 + + + + - + ~
Maize 4 1 ¢ + + + - + -
Tumips/swedes 3 1 + 1 ¢ + 3 ] -
Kale 3 1 + + + + 1 ] -
Onl-seed rape (OSR) k) 6 3 1 2 + 4 1 1
Crucifer crops {other than OSR) 2 1 + + + + 1 1 +
Peas 19 2 1 + + + 1 + .
Fleld beans g 2 1 s + + 1 + .
Legumes (not peas/field bears) - + ' - v + ) 0 0
Sugar beet 21 4 2 1 ' + + + -
Rogi crops (not umipsiswedes/poldtoes) 1 * + - * + - + -
Poatces 11 3 1 1 + + 2 1 -
Chther Eeld crops 9 2 t + + + . + +
Heniculture 4 3 + - + + + + +
403 20 k! 18 2 9 §9 8 7
Managed grass
Recreanonal {(mown) grass 21 4 2 2 + 1 2 1 +
Recently sown grass 50 5 4 7 1 3 14 3 2
Pure rye-grass 145 10 1l 25 3 12 34 5 4
Well-managed grass 142 8 8 34 5 34 48 6 ]
Weedy swards with >25% rye-grass 52 5 4 17 2 17 30 4 4
Non-agriculiurally umproved grass [} 2 1 3 1 3 6 2 |
Calcareous grass 4 2 + + - * 2 1 +
Upland grass 17 3 1 9 2 4 35 § 4
Mantme vegetaton 1 + + + + - 2 1 +
412 17 31 97 6 46 172 12 22
Rough grasa/marsh
Non-cropped arable (ploughed and fallow} 3z 8 2 . + 1 2 1 +
Uromanaged grasslanad and tall herh 17 2 i 2 + 1 8 l 1
Felled woodland ! + - + + - 3 1 +
Wetland 12 2 1 5 l 2 20 3 2
Waste and derelict land 3 1 + + + + H + +
65 8 8 8 1 4 34 3 4
Dense bracken 12 2 1 9 2 4 15 4 2
Moorland grass
Purple moor grass-domunaled moorland 9 2 ] 10. 4 5 19 4 2
Moorland grass (other than purple moor grass) 20 q 2 T 3 3 54 7 T
Dune - + + t - + 2 1 +
29 5 2 17 5 8 15 8 9
Open heath
Open-canopy heath 19 3 1 T 2 3 56 7 7
Berry-bush heath 2 + * 1 - + .0 2 1
Drer northern bogs 9 2 1 2 1 1 41 6 5
Klv] 4 2 9 3 4 107 9 13
Dense heath 13 3 1 4 2 2 28 ] 3
Wet heaths and saturated bogs 15 3 1 3 1 1 149 14 19
Broadleaved/mixed woodland
Perennal crops 1 3 I * + + + + +
Mixed woodland 13 2 1 2 l 1 8 2 1
Broadleaved woodland 68 8 5 10 1 5 13 2 2
Shrub 6 1 - 1 + 1 2 + -
84 8 7 14 1 7 23 4 3
Coniferous woodland 45 6 3 7 2 3 85 12 11
Inland bare
Inland rocks and screes + + + + + + ! 4 -
Hard areas without bulldings 1 - - + + + ! + -
Quarnes and extracave industnes 2 1 - + + + t + +
3 1 + + + + 3 1 +
Saltmarsgh 3 1 + 1 + + 1 + +
Coastal bare
interddal sof ccast without vegetacon 2 4 ] i + | 2 + -
Hard coast wath no vegetaton 2 + + ! + + 4 1 +
11 4 1 2 + 1 6 1
Indand water
Sall water 10 6 1 ! + * 10 3 1
Running water $ 1 - | + + 2 + -
15 6 1 2 + 1 12 3 1
Total 1311 208 790

1 Unsurveyed urban land 15 a census eslimate Trom all 1 kan sqquates nol surveyed ad consequeniy Nas 1o GE 1he area 1s included 1n
the built up category arc percemage area but the ST s for the bl up caregones without unsurveyed urban land
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3317

338
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3.3.10

3311

Ofthe 31% of GB covered by managed
grass, about 40% is intensively managed as
short term ley or pure rye-grass. England
again has the dominant share of this type of
grassland, both in terms of area and
proportion of all grassland. The converse of
this can be seen in the larger proportion of
more natural managed grasslands in
Scotland and Wales.

The total area of land managed for
agriculture in England is 81 500 km? (or

84 700 km? | non-cropped arable 15
included), which compares with 84 730 kn?
{from the MAFF June census for 1990. This
area i1s equivalent to 62% of the land surface
of England; figures for Scotland and Wales
are 29% and 56% respectively

The field survey data show that 21% of GB is
occupied by heaths, bogs and meorland
grass, compared with the figure of 25%
derived from the land cover map (Table
3.1). The areas for individual countries
show similar differences; thus, the satellite
land cover map data showed that these
categories cover 57% of the land area of
Scotland, compared to the 43% denved
from field survey These varigtions almost
certainly derive from differences in data
captuwre methods and definitions of cover
categories (see section 3.6).

A more detailed exammnation of the data on
the heath/bog cover categories from the
field survey showed, for example. that

purple moor grass-dominated moorland

occupted 4% of the land area of Wales, 2%
in Scotland and less than 1% in England.
Drier nenhern bogs cover 5% of Scotland,
but less than 1% of England and Wales.

The urban area of GB (including all built-up
areas and communications) covers about
9% of the land area, when the non-surveyed
urban land is included. Urban land is
predominantly in England (12% of land
area) and is dominated, in rural areas, by
residential building and curtilage.

Foresvwoodland covers around 12% of GB
and 11% of England. which is higher than
the Forestry Commission (1990) esiimate,
but in part may be explained by the
inclusion of small woodiots, orchards
{included in perennial crops) and shrub.

Arable landscapes

33.12

As with the satellite land cover map (Table
3 2). the field data showed that the arable

44

3313

landscapes are dominated by ulled land
(13%) (Table 3.8). The teld survey qives
detalled estimates of different crep types A
number of crops are grown predormmanily
in this type of landscape and this includes
wheat, ol-seed rape, mixed and other
cereals, sugar beet and peas.  Approx-
imately 78% of the land under wheat in GB
occurred in this landscape, 60% of the
barley and B0% of the ol-seed rape. The
arable landscapes contain the lowest
proportion of semi-natural vegetation of the
four landscape types. A large proportion
{45%) of the managed grass 1s short term or
imensively managed. and may be part of a
crop rotation.

About 1 2% of the arable landscapes is
urbanised and 10% forested/wooded
{predominantly broadleaved).

Pastural landscapes

3314

The pastural landscapes are dominated by
managed grasslands which cover 45% of
the area. Approximately 50% of these
grasslands are short term or intensively
managed (ie recently sown or pure rye-
grass) Cnly 18% of the area 1s tilled and
wheat and barley are about equally
dominant in cover. However, 34% of the
total land area of GB under barley occuwrred
in this landscape, but only 2(0% of the GB
under wheat. Some 5% of the area is under
munor arable crops. compared with 13% of
the arable landscapes. Forest/woodland
forms 0%, of which 70% is broadleaved
woodland Urban land forms 14% of the
pastural landscapes, a slightly higher
proportion than the arable landscapes.

Marginal upland landscapes

3.3.15

3316

Although these landscapes may be
considered to be transitional between the
predominantly agnicuttural lowland
landscapes and the more open and natural
uplands, they are more similar (o the latter
in character. Only 3% of the area is tilled
land, which is mostly under barley and only
22% of the grassland is intensively
managed. Heath, moorland and bog
occupied 35% of the landscapes, with 11%
of this area dominated by purple moor
grass, 17% by wet bogs and 15% by dense
shrub heath. Some 44% of the 101al area of
dense bracken in GB occurs in this
landscape.

Foresiry/woodland occupied 13% of the
landscapes and over 75% of this forest land



Table 3.8 Land cover for landscape types of GB from the CS1950 feld survey by area {00 km”) and standard error (SE)
(00 km?) (+ = presence <5C km? or <0 5%) The subiotals (10 beld) correspond approximalely to the 17 key cover types obtaned
rom the satelize land covet map

Stock 1950
Arable Pastural Marginal Upland
Cover type Area SE Area S Area SE Area S

Communications
Rarway 2
Road 20
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Tilled land
Wheat 175
Barley 67
Qats
Mixed and other cereals
Muize
Turr:ps/swedes
Kale
Onl-seed rape (OSR)

Crucifer crops {other than OSR)
Peas
Feld beans
Legumes (noi peas /deld beans)
Sugar peet
Rooi crops (not ittmips/swedes/potaloes)
Potaloes
Other field crops
" Horuculture
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Managed grass
Recreatonal (mown) grass
Recently sown grass
Pure rye-grass
Well-managed grass
Weedy swards with »25% rye-grass
Non-agncuiterally improved grass
Calcareous grass
Upland grass
Manurne vegetanon
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Non-c:opped arable
Unmanaged grassland and iall herb
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—
—
o

-

o~ —
LMoN

Dense bracken

Moorland grass
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Wet heaths and saturated bogs

Broadleaved/mixed woodland
Perenmual crops
Mixed woodland
Broadleaved woodland
Shrub
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t Unsurveyed urban land 1s a census estimate from all i ki squares not surveyed and consequently has no SE The area s
included in the budt up caiegory and percentage area but the SE:s lor the built up categories without uasurveyed urban land
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1s under coniferous plantations. Urban land
occupied only 3% of the area.

Upland landscapes

3317 Over 70% of the uplands are covered by

3.4

341

342

3.43

semi-natural vegetation and of that nearly
40% is wet heaths or saturated bogs. Tilled
land has only a small cover and managed
grassland only covers 10% (mostly with
upland grass). Bracken is still widespread,
occupying over 2% of the landscapes.
Some 78% of the woodland in this
landscape type 1s coniferous.

Net change between 1978, 1984
and 1990

Data collected during the countryside
surveys in 1978, 1984 and 15§90 can be used
n two ways 10 estimate change in land
cover. The sample size was increased for
each survey (256 sites in 1978, 384 sites for
1984 and 508 sites for 1990), but the
onignnal 256 sites were revisiied on each
subsequent occasion. Only three of the
sites visited in 1984 could not be re-
surveyed 1n 1990 due to access being
denied By using the data cclected from all
the squares surveyed in each year,
separale populaticn estimates can be
produced and these are the best estimates
of land cover in each year. Change can be
estimated by subtracting the totals.
However, a better estimate. especially for
small changes, can be obtained by using
only the repeated sites, which focuses on
the actual changes that have occurred,
rather than comparing the estimates based
on different samples.

The figures presented in Tables 3 3 and
3.10 show the best esumates for the
individual years, 1978 and 1984. Table 3.9,
which shows 1984 figures, also provides the
net change between 1984 and 1990 for
each of the 58 cover types; here the values
are denved from the repeated squares only
and so do not match exactly those
produced by subtracting 1984 estimates,
denved from 384 squares, from those for
1990, derived from 508 squares. Thus,
Table 3.9 provides the most reliable
estimate of change.

No equivalent comparison has been made
for the 1978 survey, for a number of
reasons. Primanily, the information

344

34.5

346

341

348

collected in 1978 was recorded in a slightly
different way, using a more stringent code
list of 68 codes. The codes, listed in Bunce
et al (1984), are on.y broadly comparable
with those devised in the Land Cover
Defimticns (LCD) project (Wyatt et al. in
prep.). The flexibility of the current ITE
system allows comparisons to be made by
matching codes, but this has already been
reported for the changes between 1978 and
1984 (Barr ef al 1986).

The differences between 1978 and the two
more recent surveys make interpretation
difficuls without referring simply 1o the 1978
calegories. The defimiion of urban land was
broader, including recreational areas, the
grasslands were divided more sharply on
species, and different semi-natural habitats
were recorded.

Since the countryside surveys of 1978 and
1684, the ITE Land Classification has been
extended to cover every | km square in
GB. The consequence is a more refined
estimate, but with some slight differences.
The results presented in tus report match
those previously published and show no
major discrepancies {(eg compare Bunce &
Heal 1984}

In broad terms, the changes recorded show
good agreement with other published
figures. Tilled land has shown a decline,
losing 4% of its area (or 1% of GB). Within
the ulled land shifts between crops can be
seen; barley shows an unexpectedly hugh
declne, while wheat, oil-seed rape and
maize have all increased. Some of these
shifts may reflect changes in environmental
conditions, such as climate, but changes in
Crop varieties, economic incentives and
farming traditions are likely to have
important roles — further research i1s in
progress (see section 8.2 8) 1o elucidate the
socio-economic pressures leading o land
cover change.

Managed grass alsc shows an overall
reduction in area of 2%, but the internal
movements between different intensines of
management are also important. A
decrease in short-term grassland
management with reseeding and an
increase n more exiensive pastre
management can both be seen.

There was a small overall gain in semii-
natural cover types, though some types
have declined. including mooriand grass



Tabie 3.9 Land cover for GB fromn the 1984 field survey and change 1o 1930. by area ('00 km?) and stancard error (SE) (00 xm?¥) (+
= presence <50 km? or <0 §%). Change 1s Lhe area change between 1984 and 1690, positive values are gains. negative losses. The
subtotals {in bold) correspond approximately 10 the 17 key cover iypes cblaired [rom the satellte land cover rmap

Stock 1984 Change 1984-50
Cover type Area SE % GB Area SE % change
Communications
Railway 4 i - 0 +
Road 45 2 2 + + ]
49 3 2 + + 1
Built up
Agnculrural butldings : 15 1 1 + + 2
Residental buildings 56 9 3 5 : 8
Cther buildings 30 § 1 2 7
Unsurveyed urban land 48 1 2
159 12 7 8 2 4
Tilled land :
Wheat 213 i8 9 i4 13 6
Aarley 178 13 8 -59 12 -33
Qas 7 2 + ! 3 13
Mixed and other cereals 1 4 + -6 4 -92
Maize 1 + + 3 3 355
Turnips/swedes 0 2 + -4 2 -36
Kate 2 i + 1 2 53
Onl-seed rape (OSR) 25 5 ! 14 8 57
Crucifer crops (cther than OSR} ' + + 3 2 1220
Peas 9 2 + 3 4 31
Field beans 8 3 + 3 4 33
Legumes {not peas/field beans) 2 2 + -2 2 -100
Sugar beet 16 4 l 7 & 43
Root crops {not turnips/swedes/polaloes) 1 t + + + 66
Potatoes 20 3 1 =5 -3 -23
Cther feld crops 1 ! + 8 4 58]
Horuculture . 10 B + -2 2 -24
510 27 22 -21 13 -4
Managed grass
Recreational (mown) grass 33 7 1 - 1 0
Recently sown grass .G8 12 S -36 12 =33
Pure rye-grass 190 18 8 -7 16 —4
Well-managed grass - 237 18 10 -36 i -15
Weedy swards with >25% rye-grass 49 6 2 62 10 127
Non-agriculturally imp:oved grass 16 4 1 3 2 18
Calcareous grass 6 3 + - 1 8
Uplard grass 65 8 3 3 3 -5
Manume vegetauon 3 1 + - + —4
708 31 31 -17 11 -2
Rough grass/marsh
Non-cropped arabie {ploughed and fallow) 2] 2 + 18 8 226
Unrnmanaged grassland and tail herb 23 3 1 7 3 29
Felled woodland 2 1 + 2 ] 135
Welland 30 5 1 2 1 6
Waste and derelict tand 4 1 + + 1 11
66 6 a 29 9 45
Dense bracken 42 12 2 -5 4 =11
Moorland grass
Purple moor grass-domunatecd moorland 39 10 2 -1 2 -2
Moorland grass (other than purple moor grass) 86 12 4 -3 2 —4
Dune 2 1 + 0 0 0
128 16 6 —4 3 -3
Open heath Sa .
Open-canopy heath’ 65 10 3 3 3 5
Berry-bush heath 12 3 1 0 + -1
Drier nonthern bogs 5] g 2 —4 3 -7
128 14 8 - 5 -
Dense heath - 47 10 2 + 1 1
Wet heaths and saturated bogs 159 17 7 1 + 1
Broadleaved/mixed woodland
Perennial crops 8 4 + -2 2 -23
M:xed woodland 20 ) ] 1 1 6
Broadleaved woodland 89 9 4 3 2 3
Shrib .0 2 + -1 i -10
128 12 6 1 3 1
Coniferous woodland 126 18 S 7 5 8
Inland bare .
Inland rocks and screes 2 1 + ¢] 0 0
Hard areas w:thout buidings | | + + + 39
Quarries and exiracnve industries | 1 + 1 I .108
4 1 + 2 1 42
Saltmarsh 4 1 + - '+ 9
Coastal bare .
Iaterndal soft coas: without vegetauon 14 7 + - + -1
Hard coast with no vegetaton 7 1 + + + 2
21 7 + 0 + ¢
Inland Water
Sull water 28 1 + - t -]
Rurmurg water 8 1 + 0 0 0
.36 11 + - + -1
Total 2318

1 Unsurveyed urban land s a census esumate from all | km squares not surveyed and corsequently has no SE or change
estimates The area 1s inclucied in e buik up category and perceniage area but the SE 1s for the built up categories without
unsurveyed urban land 47 -



Table 3.10 Land cover for GB from the 1578 beld survey. by area ('00 kam?) and stancard error (SE) (00 xm?) (= = presence <50
km?or <0.5%) (There were some differences ir the land cover caiegones recorded inthe 1978 field survey 1o those used in 1984
and 1590, bui these have been reclossif.od 10 alow companson betweer, survey results.)

Stock 1678
Cover type Area SE % GB
Communications
Rallway 6 | +
Road 33 3 1
39 3 2
Built up
Built up 198 18 ]
Non-surveyed urban land 48 t 2
246 18 11
Tilled
Wheat 109 5 S
Barley : 205 19 §
Qats 17 5 0
Mixed and other cercals 3 2 +
Maize 4 2 +
Kale 4 2 +
Oit-seed rape (OSR) 5 3 -
Peas and beans 20 7 0
Sugar beet 13 5 J
Poratoes 19 4 0
RoG: ¢:1ops (not potatoes) 13 3 J
Oriher Eeld crops 2 l +
Horiculture 8 3 -
425 28 19
Managed grass
Foumnal recreauond areas 24 6 1
Peienmal rye-grass ley 269 24 12
Cher leys 20 5 0
Well-managed grass 105 12 5
Neglected pasture 51 8 2
Nor-agrculiuraly viproved grass 201 20 9
Calcarcous grass 3 ! '
Upland grass o8 15 4
Manume vegeiauon 2 ¢ +
774 4] M
Rough grass/marsh
Non-¢ropped arable {ploughed and fallow) 18 4 0
Wetland 22 4 o
Wasie and derebcet land 9 3 +
49 6 2
Dense bracken 29 7 1
Moorland grass
Pu:ple moor grass-dormrated moorland 106 17 5
Moorland grass (other than purple moor grass) 49 12 2
155 17 7
Open heath
Open-canopy heath 20 7 0
Serry--ush heath 10 3 .
Dner northern bogs 7 2 t
37 9 2
Dense heath 118 27 S
Wet heaths & saturated bogs 8l 14 4
Broadleaved/mixed woodland
Perennual crops 10 7 +
Mixed woodland 20 8 0
Broadleaved woodland 60 9 3
Shrub 18 6 0
108 16 S
Conifer woodland 141 25 6
inland bare
Rock 17 3 0
Crearry/pit 5 2 +
22 4 0
Saltmarsh 4 1 +
Coastal bare (Rocke/sand/mud) 27 9 1
Water
Lake 35 12 2
Running water 11 3 -
45 12 2
Total 2297

1 Unsurveyed urban land is a census estimate from all | km squares not surveyed and consequently hasno SE. The area is
included tn the buili land and perceniage area but the SE 15 for the urban cover type without unsurveyed urban land

(by about 3%). whereas others, such as assumed that the 'unsurveyed urban tand’
open-canopy heath, have increased (by area remained unchanged between 1984
about 5%) Non-cropped arable land and 1990, and so the change fiqures are
increased three-fold, perhaps due to the composed of changes in built land
ntroduction of set-aside schemes i 1988 occuwrring in rural areas only. This change
(including unsurveyed urban land). I was was B00 km? and is much smaller than the

48
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error terms associated with the 1984 and
1990 estimates (11 100 km? and 11 200 kon?
respectively).

A small decline in the area of waterbodies
may reflect, in part, the dry summer
experienced in the south and east of GB in
1990 Other physical features. such as bare
rocks and screes, have remained consiant
over the survey periods, as would be
expecled.

Both broadleaf and coniferous woodland
have shown increases cf 1% and 5%,
respectively. Within the overall broadleaf
category there was a decline i shrub and
perennial crops wh:ch includes a decline in
orchards.

The matrix of change between
1984 and 1990

The matrix of change in land cover
between 1984 and 1990 (Figure 3.1)
identifies not only the quantity of change,
but also what has changed into wha: Most
of the largest changes are between the
agricultural land uses, including tilled land,
managed grass and rough grass/marsh
Some of the changes are equally balanced,
such as the tlled land to managed grass
which equals the managed grass to tilled
land, while the tilled land to rough grass/
marsh may be due 1o introduction of set-
aside schemes

Built-up land and communications can be
seen to have increased at the expense
mainly of agriculture, while forestry shows
a split between agrniculture (mainly
broadleaf) and more semi-natural habitats
such as moorland grass and heath
(conifers). The increase in rough grass/
marsh can be seen to be mainly at the
expense of managed grass, and tlled land.

Relationship between satellite
and field survey data

There is broadly a good agreement
between the estimates of area from field
mapping and those derived from the
satellite land cover map, as indicated in
Table 3.11 and reported in the LCD project
(Wyatt et al ;i prep.). Differences can be
explained by different definitions and
resolution of mapping.

Table 2 11 Companson of estimaies of area (100 km?) and
standard error (Sh) (00 kim?) of key cover types in 1990 :n G3
by saielute and by feld survey

Satellie land
cover map Field survey

Key cover type Area % frea % SE
Urtzan 158 7 208 & -
Tilied land 513 21 481 21 23
Managed grass 651 27 682 29 23
Rough grass/marsh 3 2 167 5 g
Bracken 6 | 37 2 6
Heath/moor grass 202 8 120 5 14
Open shrek hea'h/moor 279 12 146 6 13
Dense shrub hea:h/moor 72 3 55 2 - 8
Bog 43 2 166 7 13
Ceciducus/ruxed wooclaad 123 5 130 6 G
Cornferous woodland 7 3 137 6 16
inland bare 26 ! 6 <1 1
Saltmarsh 1 <, 5 <] Z
Coas:al bare [ | 18 1 4
inland waier 17 29 1 7
Sea/eswary T3 - - -
Unclass:bed 61 3 - - -
Total 2402 2318

* Unsurveyed urban lard s a census est:mate fremn all 1 kn
sguares rot surveyed and consequenty has no S5Z
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3.6.4

Correspondence between field and satelite
surveys was quantfied by inter-comparing
the maps in a GIS . Correspondence results
are avaiable for each of the 32 ITE Land
Classes. and hence for each landscape and
for all of Britain {(and for any combination of
squares). Allowing for interpretation
differences, overall correspondence is 67%,
or 71% if boundary pixels are excluded

There are undoubtedly time-dependent
differences between the two surveys For
example, the field survey would have used
the low tde line shown on OS maps, while
the satellite survey could only depet
beaches as they appeared at the time of
imaging. The use of crop rotations is
prevalent in some areas: field
reconnaissance showed that a one-year lag
might rechstribute half of the arable and
grass fields n areas of mixed farming and
that a two-year lag between imaging and
feld work might mean an almost total switch
n the distributions of arable and grass. The
summary of the field data for newly planted
conifers used a method which classified the
cover as conferous woodland, even if the
trees were just 0.5 m saplings with scarcely
5% cover  Allowing for such likely changes.
agreement between surveys is increased o
81%.

Other reasons for differences are many and
varied. First, there is straightforward
misclassification by the image analysis
procedure. Second, there are
discrepancies in {ield recording: the Quality
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Assurance Exercise gave an average 84%
correspondence in primary coding of land
cover, with 95% correspondence in
lowlands and 71% in uplands. There may
be minor geometric discrepancies. where
a feature is correctly classified but
displaced in its exact map position: in a
dissected landscape. this can have a major
Hnpact on the measure of agreement (on
average 40% of 25 m pixels fall across a
vector boundary).

368

A large part of the differences relate 1o the
imposs:bility of perfectly subdividing a
continuously variable landscape into
discrete units of uniform cover.
Generalisation, hence distortion of ‘the
truth’, plays a necessary part; both
procedures are forced to generalise
according to different rules The field
survey makes considerable use of physical
boundaries (fences, walls, ditches) to map
the land cover types The satellite study
takes no account of boundaries but simply
attempts to allocate a 25 m square patch on
the ground to the nearest cover type.
Aithough integranon of approaches is an
objective of the project, technical
constrains and historical precedent mean
that. for some elemerts, the two surveys
operate within different rules and with
different objectives. They can. therefore.
give different results with neither being
wrong. Such complexities are discussed in
the report on the LCD project (Wyatt et al.

n prep.).

3.7

3.7.1

Urban land provides an example of a cover
class that 1s difficult to compare between
satellite and field survey. The satellite land
cover map has two straightforward urban
classes (continuous urban and suburban).
The field survey, however, was based on a
sample of nwral GB 1 km squares and
included classes such as agricultural
buildings, other buildings. roads and
ralways In addition, the fleld survey
estimate is supplemented by a census
figure, from independent mapped
information, for non-countryside areas
(referred to as unsurveyed urban land, see
Appendix 3). Thus, the larger estimate of
urban land from field survey may be due to
the incorporation of more rural features,
including roads. railways and curtilage
around properties.

312

373
With relerence to reasons for differences
between surveys, it is perhaps sufficient to
say that, if the field survey correctly
recorded 90-95% of the landscape (thus

51

overlapping about 85% with an equivalent
qualiry assurance survey), and if the satellite
survey achieved its target 80-—85% success,
then the overlap would be around 75%. a
figure which is typical if we allow for the
obwvious interpretation differences, perhaps
with an element of change.

A fuller analysis of correspondence
between field and satellite surveys is given
in LCD project (Wyan ef al. in prep ). This
includes the vector analyses i full spatial
mode and the mere generalised but more
detailed analyses of cover types as made in
the point-scoring and summary 1 km
square cover data. The latter are
panticularly impontant as they represent the
correspoendences which are relevant to all
analyses at | ki square levet, especially
those in the CIS.

Integrated use of field survey
and satellite data

Field and satellite data have also been
iniegrated nto the 1 kan square CIS data
base. An example helps to demonstrate
how 1t 15 possible to combine the spatal
information of the satellite-based study with
the specific details of the field survey. The
satellite study cannot estimate the
proportion of. say, oak (Quercus spp.)
woodland: it makes no distinction between
different deciduous tree species. The field
survey can examine the study area in terms
of the extent of the individual ITE Land
Classes. By reference to Land Class mean
figures for oak woodland, it can estimate a
cover value for oak based on a weighting of
the extent of the diffierent cover ypes.

However, the field survey data cannot take
site-specific circumstances into account; for
example, in areas where woodland is
particularly extensive or perhaps
completely absent, it could not predict the
continuous variability of woodlands across a
region, except insofar as these related to
Land Class. By examining the deciduous
woodland area according to the cover map.
and referring to the 1 km square pattern of
Land Classes, it is possible to estimate oak
cover as a proportion of the known
deciduous woodland cover.

Wherever there is a correlation between a
satellite cover type and a specific variable
of interest, the land cover map can help
predict the specific details. Insofar as the
exten: of crops can be related to the area of
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tilled land through the field data, so a map
of tillage can refine local crop estimates. If
hedges are positively correlated with
managed grasslands, the land cover map
carn be used to improve local and regional
hedgerow estimates. The procedure is not
limited to CS1990 field data: the British Trust
for Ornithology had correlated breeding
bird species diversity with land cover
diversity (Gates et al in press). Correlative
predictions could be further improved by
use of solls. altilude and other thematic data
in the CIS.
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The C51990 project aimed to inter-compare
the results obtained by field survey of the
508 squares with the equivalent areas as
surveyed by satellite automated image
classification. One stage which involved full
GIS integration compared vector field map
overlays with the raster, satelite, map. The
vector data were sunplified to the
equivalent 25 cover types of the satellite
maps. for full co-reqgistration and nter-
comparison. Exact correspondence was
achieved by mowing the raster back-drop,
as recessary. 1o line up with the vectors.
Results showed that more than half of all
squares registered without any shift, and
that mean displacement was 0.8 pixels.
equvalent to 20 m average error.
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Pattern analysis

Vanous trials were attempted in early
assessments of the use of vecior GIS for
pattern analyses. Demonstration work
started on a 75 km x 50 km iest area
centred on the Thames estuary. This area
was converted from raster daia to vecior
format. Such conversion highlighted the
problems of dealing with large data bases;
this relatively small area, one-sixtieth of all
Britain, comained 80 000 polygons. On this
basis, GB would probably contain five
million polygons in total. There is currently
no commercial GIS which could realistically
handle such detailed vector information for
all of Britawn.

Basic analysis of the derived polygon data
involved the separation of single land cover
classes from the main vector file: this was
necessary because initial trials showed that
measuring polygon boundary length and
areas was an extremely lengthy process
with such large files. For instance, the GIS
counted 1908 deciduous woodland
polygons within the Thames test area.
These had a total area of 76 lan? and a total

386

52

boundary length of 1597 kan, with an
average woodland size of 0.04 kmn? and
average boundary length of 0.8 an.
Further statistics can be extracted from
these figures. such as the area/boundary
rato.

Data on cover have been surmmmarised per

1 kam square for inclusion in the CIS. The
data take the form of an array 700 x 1300
pixels representing all GB x 17 layers (one
per key cover type). The | km square
summary data have provided complex
informanon which cannot be adequately
displayed in tabular form. Tabular results
do not give any unpression of the details
which remain, even after simplification from
25mx 25 mdatato 1 km square
summanes. For these reasons, hard-copy
examples are given in the report on Pattern
Analysis (Fuller et af. 1893).

Pattern analyses have similarly been
completed for all of GB. Boundary lengths
per key cover type add 17 layers to the GB
array in the CIS. Pairwise combinations add
a funther 44 layers. .-The total CIS input is
therefore an array 700 x 1300 x 70 byte
values, representing 64 Mbytes of data.

Raster analyses of the boundary data show
vanability in proportion of boundary pixels
in different landscapes. On average. pixels
which adjoin or cross cover boundaries
represent 44% of all GB pixels. This figure
was cornfirmed by vector analyses of 128

1 kan squares which showed that 40% of
pixels were overlaid by field-surveyed
vector boundaries. The mnor difference
reflects a small proportion of ‘noise’ in the
raster satellite data (4% out of 44% is
equivalent 1o just 10% of boundary pixels
being 'noise’); in practice, the results are
close. The variability in contents of
boundary pixels has been calculated down
to the individual [TE Land Class level.
Because the sample size is so large
(thousands of squares), standard errors are
very small and significant differences are
found between many Land Classes (Fuller
et al 1993).

The assessment of neighbouring cover
within a fixed distance of each individual
cover class generates enormous quantities
of output daia: 17 classes with 16 possible
‘neighbours' and buffer zones with steps of,
say, 100 m, 200 m, 300 m, 500 m and

1000 m, would generate 1360 exira layers
of 1300 kan x 700 kan data for the CIS. The
choice of buffer zenes should depend upen
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the objectives. Thus. in studying a
songbird's feeding range a user might
require cover within tens of metres of
woodland nest sites, but a study of buzzard
habitats may require buffer zones covering
many kilometres. The processing is time-
consuming (eg 100 hours of continuous
computer-processing for 17 classes and
four chfferent zones in a 100 km square. ie
nearly a year for all GB) so it is necessary to
be highly selective, and 1o design analyses
to specific objectives.

3.85

The pattern analysis study therefore

investigated the potential for proximity

analyses. assessed the feasibility of various
analyses, and presented preliminary results

to demonstrate the capabilities to users.

Four 50 km squares were selected, one

from each landscape type. The areas of

deciduous woodlard. moor and bracken

were each in tum buffered by 100 m, 200m 396
and 300 m. -

Summary of Chapter 3

Aland cover map of GB was produced by
interpretation and classification of Landsat
Thematic Mapper satellite imagery
Although information is gathered at the

25 m pixel level, it has been summarised in
this project to give the coverage of 17 key
cover types In each | kan square in GB.
This data set has been incorporated into the
CIS.

Satellte data showed that, in 1990, managed
grass covered the largest area in Britain
(27%), followed by tilled land (21%) and
open shrub heath moor (11%). England
was predominantly tilled land and managed
grass (65% together), whereas in Scotland
and Wales semi-natural vegetation and
managed grass together covered more
than iwo-thirds of the land.
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Regnonal comparisons have been made
showing a strong relationship between the
four landscape types and the land cover
classes present.

Although in the arable landscapes tilled land
comprised 41% of the land cover, managed
grasslands were significant at 29%. The
pattern was reversed in the pastural
landscapes, with 39% managed grasslands
and 22% tilled land. and there was more

land covered by semi-natural vegetation 308

categories In the margmnal upland

. landscapes, managed grasslands covered

28%. with heath and moorland a1 38%. The
upland landscapes were dominated by
dwar{ shrub heath and beg. with the
combined totals for open and dense heaths.
moors and bogs being over 65%.

Stock information on land cover in GB has
alsc been obtained by extrapolating from a
sample of | km squares which have been
surveyed in the field. The field survey
recorded land cover in considerable detail,
using combinations from a code list of over
300 categories to describe the individual
parcels. These have been aggregated 10
give 38 land cover types and these. in turn,
have been summarised to more or less
match the 17 categories from the satellite
land cover map.

The results from the sample field survey of
508 1 kan squares show good general
agreemert with the satellite-derived land
cover map for most classes. For example,
for ulled land, both figures were 21%, and
managed grass covered 27% (satellite)
compared with 25% (field survey) Some
categories, for example rough grass/marsh
(2% - satellite; 5% - feld survey) differed
due to inherent differences in the methods
used to identify them and in the ways they
have been defined. However, to integrate
the two sources of information. the field
survey data can be broken down into more
detailed categories. For example, the field
survey data showed that 40% of the well-
managed grass was actually intensively
managed Most figures for crops
correspond to MAFT and Deparntment of
Agnculture and Fisheries for Scotland
statistics; for example, for oil-seed rape,
both figures were 410 000 ha

The exact relahonship between the two
estimates of land cover stock has been
examined from two perspectives. First, the
degree of correspondence between them
has been examined. both in terms of
comparison of the overall estimates. and by
comparing results directly in a number of
sammple squares. The correspondence is
reasonable in both cases and reasons for
any differences are examined. They relate
10 spatial arrangements, scale and feature
definition, and also reflec! the historical and
technical differences between the
approaches.

Differences between data from field survey
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and satellite imagery were quantified by
inter-comparison of digital maps using GIS.
Direct correspondence was 67%, though
this increased to at least 71% if boundary
pixels were excluded from the comparison
{and was better for some cover types than
others). Differences were due to the
image analysis procedures, discrepancies
in field recording, and minor geometric
registration errors. The CIS can be used
to compare summaries of regions using
the two procedures. The information from
the field survey can also be used in
conjunction with the satellite land cover
map categories 10 estunate species
composition in vegetated cover
categories, such as woodland or

moorland.

Data cn land cover have been estimated
for 1378, 1984 and 1990 using the field-
based sampling approach. Figures for
change in cover types, between 1984 and
1980, were obtained from 381 squares
visited in the field on both occasions.
Tilied land in GB had declined by 4% of its
area and within this category there were
Increases 1n non-traditional crops such as
maize, which increased three-{old. Within
the grasslands category, there was a shift
within the managed grasslands towards
weedy grasslands and away from less
weedy types. Within the semi-natural
habitats some changes can be seen and,
although there is a small overall decline,
the previously reported large losses to
development are not evident. Reductions
were recorded for moorland grass and
bracken. while bogs, tall herb and wetland
all increased, albeit by small amounts The
Increase 1n set-aside was also recorded
within the non-cropped arable figure.

A matrix of change shows the movements
between cover types between 1984 and
1980 as well as the overall net change
which. on its own, can mask the degree of
change taking place. Most of the large
changes were due to the shifis between
the major agricultural categories,
principally tilled land and managed grass.
The buill-up category has expanded at the
expense of managed grass and tilled land,
whereas broadleaved woodlands have
come from managed grass. Conifer forest
expanded in area, mainly at the expense of
open shrub. Al this level of aggregation,
there was a high degree of stabihty with
little or no movement between most cells
in the matrix.

3911 Using the satellite data. patiern analysis was

also carried out for the whole of GB to
determine, for example. boundary lengths
between the 17 land cover classes. Pixels
which adjoin or cross over boundaries
represented 44% of the total, and their
distributions were compared within
landscapes.
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4.1 Introduction were re-classified as different boundary
types (eg a hedge becoming a line of trees)
4.1.1 The field survey compornent of Countryside and it was assumed that this was largely due
Survey 1990 (CS1990) recorded linear to changes in hedgerow management
features such as streams, footpaths, field regumes.
boundaries, lines of trees, as well as
features recorded as areas but which had a 413 Field boundaries are often composed of
strong linear arrangement (eg roads, rnivers, several different elemenis. eg a hedge with
belts of trees). In this report, the stock and a wall and a fence. on top of an earth bank.
change statistics for one category of linear These features were recorded together as a
feature, physical boundaries, are single feature and coded in terms of their
presented. constituent parts. In the report on changes
in hedgerows (Barr et al. 1991), data were
4.12 ITE has produced a contract repon to the presented for any boundary that contained
Department of the Envirenment (DOE) a hedgerow element (but which may also
which includes an analysis of some of the have included a fence and a bank. for
boundary data set {{Changes in Hedgerows example - resulling in a "hedge-fence-bank’
in Britain between 1984 and 1990", Barr et boundary).
al. 1991). This report showed that, in net
terms, about 23% of 1984 hedgerows in 4.1.4 Inthe present report, data are summarised

Great Britain (GB) had changed by 1950
Most of this change was due to the linear

boundarnes altering in character so that they

according to all boundary elements present,
resulting in a list of some 25 'multiple’
classes. Such a list can be simplified

Table 4.1 Length ('000 ken) s'andard ervor (SE) {000 km) and percentage (%) of boundanes it GBin 1990, by country and by
boundary type (B = Bank. F = Fence, G = Grass siip. H = Hedge. R = Reliet hedge, W = Wall) and combinatons based on 508
saTple squares (~ = presence <500 kmn or <0 3%)

England Scotland Wales GB
Boundary type Length SE % Length SE % Lengthh SE % Length  SE %
Bank (B) 14 3 1 2 1 1 g 1 3 2l 4 |
Fence (F) 385 17 41 221 13 61 70 6 38 676 25 45
B 8 3 2 2 1 B 11 2 6 30 S 2
Grass sinp (G) 8 2 1 1 . + - + + 9 2 1
Hedge (H} 183 11 16 8 1 2 13 2 7 174 12 12
H3 35 6 4 2 1 l 10 2 5 47 8 3
HF 142 11 15 21 4 6 18 3 10 181 13 12
HF3 42 3] 4 1 1 + 11 2 6 54 8 4
HW 3 2 + + + + 1 1 1 4 3 -
HWF 3 2 + 1 + + i 1 1 4 2 -
HWFB + + + 0 0 Q + + + + + +
Relici hedge (R) 23 2 2 . 2 + 1 2 + 1 21 3 2
RB 4 1 + + + 4+ 2 1 1 & | +
RF 30 3 3 6 2 2 6 1 3 42 5 3
RFB 4 2 + + r + 2 l 1 1 2 +
RW 1 + + + + + \ + 1 2 1 +
RWF + + + + + + + + + ] - +
Wall (W) 45 1 5 52 1 14 17 6 9 115 15 8
WB + + + 1 + + + + + 1 1 +
WF 27 4 3 a8 & 10 10 2 5 74 10 5
WTRB + + + + + + + + + + + +
Unclassified 5 1 1 3 1 1 2 1 1 10 2 +
Total 943 217 100 361 18 100 182 11 100 1486 40 100
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according to 'dominant’ boundary types
but, since there is no logical way of
prioritising these (eg determining whether
a hedge-with-a-wall should be classified as
a hedge. or a wall}, the user is mvited to
summarise the data according to specific
requirements. It should be noted that, if all
boundaries are summarised according to
dominant types, there is a danger of
double-accounting, resulting in a total
length which is greater than 100%.
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Boundary type was also recorded in
vegetation plots (see Chapter 5) and these
data confirm results (stock and change)
from the mapping exercise.
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Boundary stock figures
for 1990

Table 4 | and Figure 4.1 give the
breakdown of boundary types in GB, based
on analysis of all 508 squares surveyed in
1890, including both single- and multiple-
element categories. Relct hedges are
those elemenis of boundaries that were
recognised as having once been hedges,
but have become, for example, rows of
irees or lines of shrubs.
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Noting commenis made in section 4.1.4
(above) about double-accounting, it is
possible 1o summarise the data in Table 4.1
by dominant boundary element. In Table
4.2, an arbitrary classification is used such
that the lengths of boundaries which
contained a hedge are presented first; then,
of the remaining boundaries. the lengih
containing a wall 1s presented. followed by
further boundaries that contained fences.
Last, other boundary types (banks, relict
hedges and grass strips) are given.

4.27

As Table 4.2 shows, boundaries containing
hedges formed 31% (464 000 km) of the
total length of boundaries in GB in 1990, Of
these, 81% (378 000 km) occurred in

England. 12% (54 000 kim) ;1 Wales and 7%
(33 000 kn) in Scotland. Relict hedges
were an element in only 6% (85 000 km) of
the total boundaries (Table 4.1) and nearly
three-quarters of them (62 000 krn) were in
England. with 16% (13 000 km) in Wales
and | 1% (8000 km) in Scotland.

Boundaries within which walls were
dominant formed 13% (193 000 km) of the
to1al boundary length in GB (Table 4.2),
most of which occurred in Scetland (47% -
91 000 km) and England (39% - 75 000 km).
Relatively few walls were combined with
other boundary elements.

Fences were the most widespread
boundary componen:, forming 45%

(676 000 km) of the total length {485 km)
when considered as an individual
boundary, as shown in Table 4.1 A further
26% (398 000 km) of boundaries contawned
a fence in conjunciion with another
boundary feature. Thus, 72% (1 074 000
km}) of all boundaries contained a fence.
Although most fences were in England, they
formed only 41% (385 000 km) of the
boundanes there, compared to 61%

{221 000 ko) of the boundaries in Scotland
and 38% (70 000 km) in Wales.

Boundaries containing a bank were
infrequent, contnbuting to less than 11%
(167 000 k) of all boundanes and, of
these, 70% (117 000 k) occurred in
England and 25% (41 000 km) in Wales

About 70% (1 023 000 km) of all GB
boundaries were single-element
boundaries. In Scotland, 79% (286 000 km)
of all boundaries had only one element
(due, perhaps. to the scarcity of
hedgerows), compared 10 67% (630 000
km) in England and 59% (107 000 kmm) in
Wales. Of the boundaries in England. 24%
(153 000 km}) of the single-element
boundaries were hedges, and 61%

{385 000 kan) were fences. In Scotland
these figures were 2% (7000 km) and 77%

Table 4 2 Length ("000 km). standard error (SE} ('000 km) and percemage (%) of dominant boundary types in G3 in 1950, by
couniry (Hedge = any boundary thai contains a hedge element. but excluding relict hedge: Wall = any other boundary that comains
a wall elemem. Fence = any remaining bountary thai contains a fence element), based on 508 sample squares

Hedge
Wall
Fence
Other

England Scotland
Boundary type Length SE % iength SE %
318 19 40 33 6 9
75 9 8 91 1 25
437 19 46 229 14 63
54 S 6 g ! 2
943 27 100 361 18 100

Total

Wales CB
Length SE % Length SE %
54 5 30 464 24 3l
28 8 15 193 21 13
a9 T 49 755 28 51
il 2 6 74 6 5
i82 11 100 1488 40 100
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Tablc 4.3 Length ('000 k). standard error (SE) (‘000 km) and percentage (%) of boundaries in GB in 1590. by iandscape type and
by boundary type (B = Bank. F = Fence. G = Grass sinp. H = t{ecge. R = Relct hedge; W = Wall) and combunanors. based cr. 5C8
samp'e squares (+ = presence <500 ian or <C.5%)

Arable Pastural Marginat upland Upland
Boundary type Length SE % Length  SE % Leagth SE Y% lergth. SE %
Bank (B) 3 2 : 5 4 2 2 1 | 2 1 2
Ferce (T 253 16 47 254 14 40 107 12 47 64 8 57
B 2 l + 23 5 4 5 2 2 - + .
Grass stnp (G} 8 2 l 3 1 + + + + G 0o 0
Hedge (H) 93 8 19 58 9 11 7 2 3 + + +
H3 5 2 l 38 7 6 4 2 2 0 0 0
HF 89 9 17 81 9 13 K 3 5 0 0 0
HF3 7 3 l 43 8 7 4 2 b 0 0 0
HwW + + - 3 2 + + + + 0 0 0
HWE 1 + + 3 2 + 1 + + + + +
HWFB 0 0 0 + - + 0 0 0 0 0 0
Relct hedge (R) 16 2 3 g 2 | 2 1 1 0 0 0
R3 : + + 3 1 + 2 1 1 c 0 C
RF 14 2 3 17 3 a 1l 3 5 0 0 0
RFB t - + 4 2 ! 2 1 ! 0 0 0
RW + - + 0 0 0 1 1 - 0 0 0
RWF + - + 0 0 G + + - 0 ) c
Wall (W) 17 4 3 35 7 5 44 12 15 18 4 19
WB + + - 0 d 0 ) + + + + *
WF 18 5 3 17 3 3 27 6 12 12 5 13
WFB + + - 0 0 0 0 0 0 0 0
Unclass:fied 1 + . 5 l 1 3 . | ] : 1
Total 534 22 100 628 21 100 230 22 100 95 13 100

428

429

{221 000 kmn) respectively, whust in Wales
the figures were 12% (13 000 kam) and 65%
{70 000 kan). Where muliiple-element
boundaries occurred, the combination of
fences with other boundary elements is
sigruficant as 1t may indicate boundaries in
need of repair or other management (eg
laying of hedges).

Table 4.3 and Figure 4.2 show the
characieristics of boundary lengths by
landscape type.

Hedges and hedges-with-fences were
mainly in the arable landscapes, whereas
hedges-with-banks were mainly in the
pastural landscapes, being typical of the
west of GB  Overall. most hedgerows
were in the pastural landscapes (51% -
238 000 km) but the arable landscapes still
coniained a major hedgerow resource
{43% - 201 000 k) as pointed out by
Cummins et al {1992). Hedges were
present, but more restricted, in the
marginal uplands and almost absent from
the upland landscapes. Relict hedges
occurred in similar proportions in the
arable and pastural landscapes but, in the
latter, occurred more frequently in
boundaries with fences.

4.2 10 There were more walls in the marginal

upland landscapes than elsewhere (38% -
72 000 kmy}, a bigure made more significant

58

4211

by the limited extent of this landscape
type. The other three landscape types also
contained significant lengths of wall with
the arable landscapes (19% - 36 000 km)
having a greater length, overall, than the
uplands {16% - 31 00C kan). Nevertheless,
in the uplands walls would be regarded as
characteristic because they formed 31% of
all boundaries compared to only 12% of all
boundaries elsewhere.

Fences occurred in similar lengths in the
arable (37% — 253 000 kum) and pastural
landscapes (38% - 254 000 km) with
shorter lengths overall in the marginal

‘upland (16% - 107 000 km) and upland
(5% - 64 000 km) landscapes. However,
fences made up a higher proportion of
boundartes in marginal upland and upland
landscapes because hedges were less
common.

4.2.12 A higher proportion of boundaries

containing banks were in the pastural
landscapes (76% - 127 000 kan}, with 11%
(19 000 kam} in the arable and 12% (18 000
km) in the marginal upland landscapes.
Only 2% (2000 km) of upland boundaries
contained banks.

4.2.13 Upland areas had the highest perceniage

of single-element boundaries, with 87%
{83 000 k) of the boundaries taking this
form, compared to 74% (394 000 km) in
arable landscapes, 70% (162 000 km) in
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4.3

431

432

marginal upland landscapes and 62%
{384 000 lan) in pastural areas. Fences
were the most common smgle elernent

boundary in all four landscape types. 433

Net change between 1984
and 1990

The daia for net change between 1984 and
1990, by country. 15 given in Table 4.4 and
in Figure 4.3.

Hedges on their own and hedges-with-
fences declined more than hedges
associated with other boundary types. in
terms of overall length, although, as there
was a higher imitial stock of these types in
1984, the percemage change is 'ess than for
other hedge boundaries. The high
percentage loss of hedge-with-wall and
hedge-with-wall-and-bank refects their
limned extent in GB. In general. the length
lost was propoertional 10 the wniial stock,
suggesiing that no one type had been lost 1o
a greater degree than might be expected.
The same applies io the relaiive losses in
the three countnies. This agrees with the
conclusions of Cummins et al. (1992) in
relation to the species composition of the
hedgerows that have been lost. The relict
hedges had the greatest proportional

4.3.4

435

4386

increase (53% - 31 000 kan) of any
boundary, especialy in England and Wales.

Walls had a lower percentage loss than
hedgerows. Walls-with-fences declined
more than walls on their own, perhaps
because the {ormer were already in
decline. Although the overall rend was for
a decrease of walls throughout GB, there
was a small increase in the number of walls
in Scotland. By contrast, walls-with-fences
declined 1n England and Scotland but
increased in Wales.

Fences increased more in length than any
other boundary type with a 12% (75 000
km) increase overall The increase was
mainly in England and to a lesser degree in
Scotland.

The characteristics of boundary change by
landscape type are shown in Table 4.5 and
Figure 4.4.

The greatest length of hedges on their own
was lost in the arable landscapes

(27 000 km) although, proportionally,
sirnilar amounts were lost in pastural
landscapes. A higher proporiion of hedge-
with-banks was lost in the arable
landscapes. but, by total length, the greatest
loss was in the pastural landscapes There

Table 4.4 Changes nire length ('000 kem) and s:anda: @ error (S:) ('0C0 kan} of bourdares 1n GB, between 1384 and 199C. by
country and by boundary type (3 - Bank; T - Fence, G = Grass sirp K = Hedge. R = Relict hedge W = Wall) and combinations
based on 381 sample squates (NB T - a gain <500 im. L = aloss <500 km. + - SE <300 k. % = percenttage change of 1964)

Erglard Scotland Wales G3
Boundary ype Length SE % Length SE % length SE % Length  SE %
Bank (3) -3 3 =17 -3 1 -58 1 ! 14 -6 5 -20
Fence (F) 38 4 11 21 S 10 16 4 25 5 17 12
FB 3 5 20 —4 2 -70 1 4 7 1 G 1
Grass striip (G} 7 2  >i00 1 I =>100 1 + =100 8 2 =>100
Hedge (H) -2 10 -2z -4 2 =33 =4 2 -20 -49 12 -22
HB -10 6 =23 T t 20 -5 2 37 -i5 8 -25
H -36 id -21 -7 3 -24 T 2 1 -43 14 =20
HFB -1 1 -19 -1 2 -38 -1 4 57 -19 10 -33
HW -1 i -65 ! . -61 -1 1 -8l -3 1 =70
HWB 4 + =100 ! § =100 ! + -100 1 + =100
HWF -1 i =37 -1 t -66 T + 27 -2 1 =47
HWIB 4 + -1 1 = =100 1 4 -60 1 + =33
Relict hedge (R) 8 3 49 ! I -20 -1 i =34 7 3 31
RB 0 2 S ) + >100 1 ! 68 2 328
RF 12 5 62 3 2 >100 4 2 8l 18 6 71
RFB 4 3 >100 1 - 16 1 ! 80 5 4 >100
RW 1 | -1 1 + -37 -1 i 83 -t 1 46
RWB 1 + ~100 1 + -100 { + -100 l + 100
RWF T +  >100 T + >100 T + >100 ! + >100
RWFB 0 0 0 0 0 0 0 0
Wall (W) —4 6 -8 4 5 7 -8 4 =35 8 10 -7
WB i +  >100 1 1 12 T + >100 1 - >10D
WF -9 5 -25 -8 4 -18 2 1 3t -14 8 -7
WFB i + 83 ! + -99 1 + 82 l T X!
Uinclassified -9 3 -59 -2 ! —40 -1 1 -24 -13 4 49
Total -49 14 -5 -3 § -1 -8 3 -3 -58 16 —4
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Tabie 4.5 Changes in the length (‘000 ko) and standard ervor {SE) ('000 km) of boundanes i1 GB, between 1984 and 1990. by
landscape rype and by boundary type (B = Bank. F = Fence. G = Grass sinp. H = Hedge. R = Relict hedge. W = Wall) and combinatons,
based in 381 sample squares (NB T = a gain <500 krt; L = aloss<500 kem; + = <500 kam. % = percentage change of 1984)

Arable Pastural Marqginal upland Upland

Boundarytype  length SE % length SE % lengh SE % lergz SE %

Bank (B) -3 ! —46 T 4 ! -2 1 -68 -1 + -39

Fence (F) 13 13 6 34 9 14 18 7 21 9 3 17

FB -4 3 -g2 10 6 54 -6 5 -59 l + =20

Grass sinp (G) 5 1 =100 3 L >100 T + >i00 o . 0

Hedge (E) =27 7 -23 -21 9 -23 -1 4 -7 T + >100

H3 -2 3 -36 -12 7 =27 1 3 — 0 0

HF -19 8 -19 -22 It -21 -2 3 -l2 0 0

4B 1 2 27 -10 9 -24 -9 $ -65 i + =100

HW -1 + -97 1 ] -26 -2 1 -93 0 0

HWB 0 0 l + =100 l ~ -100 0 0

HWF -1 - -52 -1 1 ~51 1 - 1 t + >100

HWFB 0 0 + + =32 0 0 0 0

Relct hedge (R) 5 3. 45 2 1 30 -1 2 -24 0 0

RB 4 + =23 T 2 g 2 2 >00 0 0

RF 5 K 47 5 4 49 8 4 >i00 0 0

RFB 1 + >100 4 3 >100 1 + -t 0 0

RW d + =00 T + >1C0 - 1 -5 0 0

RWB 0 0 0 0 1 + =100 0 0

RWF T + 00 T + 23 T + =100 0 0

RWFB 0 0 0 0 0 0 0 0

Wall (W) -3 3 -18 | 3 3 -€ s -C -1 4 -4

w3 T +  >100 T + >100 T + >100 0 0

WE -4 3 -7 -1 3 -8 -7 7T =20 -2 3 =20

wr3 1 v =27 1 + -8l 0 0 0 0

Unclassified -1 3 -84 -6 3 -43 1 1 42 -1 - 49

Total -43 12 -8 -12 9 -2 -5 5 -2 4 3 +4
was no clear pattern of change in relict boundaries which remained in the same
hedges associated with landscape type. category.

437 Although most boundanes with walls were 442 Of;he total boundary length in 1950, about
lost in the marginal uplands, proportionally. 11% (181 000 km) was composed of new
more walls were lost in the arable boundanes, where there had been no
landscapes, which had fewer walis overall. boundary previously. Of this new length,
there was no change in overall length in the 79% (143 000 km) was composed of fences.
pastural landscapes. Only 7% of new boundaries had a hedge

element associated with them, and 5%

438 Almost half of the new fences were built in included a wall

the pastural landscapes although both
marginal upland and upland landscapes
showed a greater percentage increase.
The arable and upland landscapes had
relatively few new fences by length

443 About 14% (236 000 kan) of the 1984
boundary length was removed by 1990. Of
this length of removed boundary, over half
(123 000 ken) was composed of fences and
27% (64 000 km) had a hedge element in

the lost boundary.
439 The upland landscapes were the only type

to show a net increase in boundarnes - 444 Nearly 70% {379 000 km) of the boundaries

9000 km of fence. which contained a hedge element in 1984,
also had a hedge element in 1990. Of these.
only 43% (239 000 km) remained

4.4 The matrix of change between completely unchanged in terms of recorded

boundary elements. There were

1984 and 1990 movemenis in both directions between
hedges-with-fences and hedges alone. The

4.4.1 A matnx of change is presented in major directional shift was from hedges-
Figure 4 5 This matrix gives the movement with-fences, to fenices on their own. In
between boundary types, showing how addiion. both hedges and hedges-with-
those present in 1984 (left-hand side) had fences had been removed. There was also
changed by 1950 (1op row). The centre movement from hedges-with-fences to
diagonal (in bold) represents those relict hedgerows-with-fences.
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4.4.7

4.5

451

453

The major change In the matrix was from
walls-with-fences 1o walls but, in landscape
terms, the conversion of walls-with-fences
to fences alone, and from walls to no
boundary, 1s more important.

in terms of proportions of their total length.
fences were the most siable boundary type
with almost iwo-thirds (430 000 km)
remaining unchanged between the two
surveys Newly built fences were ihe
largest single contributor to the addit:ional
length of fences (143 000 kan)} recorded at
the 'wo dates. balanced to a large degrec
by the removal of other fences (128 000
km) from the landscape.

Aboui half of the boundaries (837 000 kan)
retained the same characteristics (in terms
of boundary element composition) between
1984 and 1950

Summary of Chapter 4

Overall, boundartes with fences dominated
ihe British countryside in 1950, although
there was stull a high proportion of hedges.
In GB as a whole. walls were a relatively
nfrequent type but were proportionally
more mporiant in both Scotland and Wales
England centained the majority of
hedgerows while most boundaries in
Scotland included fences and walls. Wales
had ke widest diversity of bourdary types

The arable landscapes had the lhighest
percentage of fences and simple hedges.
The pastural landscapes had a wider range
of hedge types and a significani tength of
wall. The marginal upland landscapes
contained most walls but also had extensive
fences and a minor element of hedgerows.
Within the uplands. fences accurred in
almost 80% of the boundaries and walls in
over 30%. As shown elsewhere in this
report, the upland landscapes were the
most uniform type.

The biggest net loss in length was for
boundaries containing hedges, but the
largest individual change was an increase in
‘ences. The relict hedgerows showed the
biggest perceniage change, an increase of
53%. In addition, the loss in walls indicates
a simplification in the landscape The major
changes in lengths of boundary types were
in Engtand but there was a high
proportional loss of hedgerows n Wales.

454

The biggest changes overall by length were
in the pastural landscapes - this agrees with
changes in species diversity reported in
Chapter 5. The smallest changes were 11
the uplands which were relatively stable, as
is poimed out in Chapters 3 and 5 (on land
cover and vegetation) The marginal
uplands showed a higher percentage
change in a range of different types but
their contribuiion to overall change was
small, due 10 the restricted area occupied
by this type Laslly, the arable landscapes
showed hedgerow losses on the one hand.,
and increases 11 relict hedges on the oiher,
and a relatively small increase in fences.
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Chapter 5 THE RESULTS (III): VEGETATION
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5.1

5.1.1

Introduction

This study has focused on two types of
change which are occurring in the British
countryside, shifis in land cover and more
suble changes in vegetation. The most
obvious is the step-wise shift between
major lard cover types. eq conversion of
heath io arable. and resulis on this type of
change have beer reported in previous
chapters. The second type of change,
discussed in this chapter, is the more subile
change in the balance of plant species
within a land cover type, eg the gradual
change in a field which has been grazed
and is then left unmanaged for a few years,
leading :0 ine palatable grasses being
slowly replaced by coarse grasses and tall
herbs.

The metheods and sampling schemes used
1o record the vegetation, and quality
assurance procedures are described in
section 2.3, and in more detail in the Field
Handbook (Barr 1990).

In order 1o describe the wide range of
vegetation recorded in CS51990, a statistical
technique (TWINSPAN) has beenusedto °
group together the vegetation plots which
are most similar into 29 classes, here called
'plot classes’. Thisis an objective and
reproducible alternative to assigning plots
subjectively 10 a predetermined list of
habitat types (eg calcareous grassland.
mesotrophic grassland, acid grassland).
Use of this technique means that the
assignment of plots 1o classes iakes account
of all the species in a plot rather than relying
on a few indicator species. as in key-based
systems. Another advantage of this
approach is that changes in vegetation can
be measured empirically in terms of
‘movemeni’ rom one plot class to another.
For example, the gradual transition of an
unimproved pasture to a more ntensively

67
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managed one may be ‘'measured’ as the
changing species composition causes the
plot 1o cross a statistically determined
'line’ from one plot class to another.

Within a plot class, there will be some
species with a high frequency. whilst
other species occur in only a few plots
Some plots will have more species than
others. With such a large data set {about
11 500 plots were recorded in CS1990). «t
15 not feasible to analyse the plots in terms
of the frequency and cover of each
individual species. However, by
grouping the species which Irequently
grow together, and therefore have similar
environmental requirerents, it 1s possible
1o describe vegetation in terms of the
type of species present. and to identify
where there is an ecologically significant
shift, eqg from a group of plants typical of
waterlogged conditions to a group typicat
of drier situations. In order 10 produce
these groups of species, a statistical
technique (Ward's minimum variance
clusiering of DECORANA ordination
scores) has been used to group species
which have similar distributions withun the
data set into 32 ‘species groups’ (SG).
Investigating the changes in the
frequency of these 32 species groups is
much more manageable than

considening several hundred species
individually.

The way in which plot classes and species
groups are derived from the raw plot data
is lustrated in Figure 5.1a. Because the
same species groups have been used to
describe the Main plots (in fields,
woodland and moorland) and linear
plots (alongside hedges, streams and
roads), as shown in Figure 5.1b, it1s
possible to compare the way in which
they have changed across habitats.

eg 1o see whether calcareous meadow



Figure 5.1a Species groups and plot classes are derived from raw plot data
{Plot classes are derived from TWINSPAN classification of plots.
Species groups are derived by Ward's Minimum Variance Clustening of DECORANA scores)

Plot class 1 Plot class 2 Plotclass 3 ... Plot class 29
i f !
| Plats | I | | Plots ordered
112]. . 3s5]360. ... 78790 ... 95l 96 ). . |on principal gradient
~— Sp. | . i i : : | I
Sp. 2 | || ! | |
Species : | | : | ! |
Group 1 . : ' '
—spa0 ) L | 1] N T I
—Sp. 31 _I | | _ . Rawdau , | .
232 ___I matrix__ ' I
Species | . | | | | | (speciesinplots) | | | | |
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— Sp. 56 | | | | | I
. 1 : |
Species : ' ' | ! _]
Group3| | T ! A O O
—$p. 70 _ L i S I R
ot 0 e v
Species i | | j
Group 32 : | I | .

Species (Sp) ordered
on principal gradient

Figure 5.1b Species groups can be used to describe and compare the species composition
of Main, Hedge, Streamside and Verge plot classes

Main ‘ Hedge Streanwide Verge
plot classes plot classes plot classes plot classes
: : T oo T
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plamts are declinuing in road verges as well
as in the fields (Main plots).

The data have also been analysed to
investigate change using mean number of
species and mean number of species
groups as measures of diversity. The
number of species in a plot may change for
a number of reasons: for example,
disturbance may lead 1o patches of bare
ground which allow colonisation by weed
species, thus increasing the number of
species present. A betier understanding
¢an be gamned by considering the types of
specwes which are increasing or
decreasing. through the analysis of species
groups The use of change in mean species
number as a measure of diversity is also
much more sensitive to inaccuracies in
recording than the use of plot classes or
spectes groups - for this reason, analysis of
chanrge in lerms of species numkber
considers only those species which can
confidently be regarded as consistently

Table 5 1 Bne!f descnptors of the 29 mawn plot classes denved f

recorded - referred to as ‘Category |
species’ (see Section 2.3.21 and Appendix 2).

5.2 Main plots

Vegetation classification

5.2.1 Plant species and cover estimates were
recorded from five randomly placed,

200 m? plots in each | km square These
are referred to as ‘Main plots’, to distinguish
them from other randomly placed plots in
particular situations, eqg roadsides. The
purpose of the Main plots was to sample the
main land cover types, ie agricultural fields.
woodland, and moorland. Since these plots
were located randomly they are
representative of the range of vegetation in
the survey squares.

52.2 Atotal of 2534 Main plots were recorded
from 507 | km squares throughout GB (one
of the 508 survey squares was completely

bullt up in 1950). In order 1o describe this

rom the TWINSPAN analysis of the Maimn glois recorded 1n 1978 and

193G, 10geiker with ihe three species which show the greatest degree of preference o each class according io their [requency 1n that
class. as opposed 1o the [requency in the other classes. (Some classes had lewer than three preferential species) Ploi clusses {except
saltmarst) are ordered or: the princ:pal gradient (denivec bom DECCRANA), frem 1. intensive = kgh nutrient siatus’ io 29, ‘extensive

- low nuinen: siaius’

Man

plot class Descnpaon Characrusnc species

MPC1 Saltmarsh Aster tnpohum, Suaeda manuma. Puccinellia mantma
ARABLE FIELDS

MPC2 Arable A (almos' weed-free cereals) None

MPC3 Arable B (scattered weeds :n ruxed crops) Fallopa convolnlus, Polygonum aviculare, Viola arvensis
MPC4 Arable C (mainly graminaceous weeds in cereals)  Avena fatua, Alopecurus myosuroides, Bromus storilis
MPCS Arable D (broadleaved weeds :n muxed crops? Senecio vulgans, Polygonwn awnculare, Stellana media
MPC6 Arable E {rmuxed weeds 1n cereals) Polygonum avicware, Steilaria media, Poa annua

MPCT Arable F (weedy leysfunder-sown cereals) Capscella bursa-pasions, Stellania media, Polygonum aviculare
LOWLAND IMPROVED GRASSLAND

MPC8 Leys Lohum perenne, Trifolium repens

MPCS Intensive grass - weeds Loiwim perenne, Plantago major. Stellana media

VPC.0 Rye grassland LoLum perenne, Rumnex obtusifobus, Tnfolum repens
MPC1! improved pasture Agrosus stolonifera, Cirsium arvense, Dactylis glomerata
MPCl2 improved grassland + clover Lolum pereane. Trifohum repens. Poa annua

LOWLAND SEMI-IMPROVED GRASSLAND

MPC13 Sem-improved neutral grassland
MPC14 Neuiral grasslarg

MPCI15S Semu umproved pasture

MPC16 Unimproved neutrallacid pasture
WOODLAND

MPCI17 Open broadieaved secondary woodland
MPC18 Basiphilous breadleaved woodland
MPCI1S Acid woodiand

MPC20 Acid screb

MPC21 Sitka plantatzon

UPLAND GRASS MOSAICS

MPC22 Upland grassland diverse

MPC23 arshy upland grass

MPC24 Acid grass/heathwood

MPC25 Upland grass/heah

MOORLAND

MPC26 Boggy moorland

MPC27 Moorland

MPC28 Dwarf shrub heath

MPC29 Bog

Holcus lanatus, Lobum perenne, Trifolium repens

Cerastum fontanum. Tnfcbum repens, Loliun perenne
Plantago lanceolata, Dactylis giomerata. Achullea muilefobiurn
Cerastum fontanum, Holcus lanatus, Rumex acetesa

Uruca diotca, Arthenatherum elatus, Crataegus monogyna
Crataegus monogyna, Fraanus excelsior, Urtca dicica
Oxals acetosella, Plendium aquulthum, Digntaiis purpurea
Prendium aquiltnum, Sorbus aucupana, llex aquifohum
Nore

Lotus cormculatus, Plantago lanceolata, Anthoxanthurn odoratum
Juncus effusus, Potentia erecta, Anthoxanthum odoraturn
Galium saxatile. Polentilla erecta. Blechnum spreant

Gaiium saxatie. Festuca ovina. Deschampsia fexucsa

Nardus sincta, Enca tetralix, Molina caerulea

Vacciam myrtillus, Deschampsta flexuosa

Vaccruum myrulius, Deschampsia Sexuosa, Calluna vulgans
Enca tewalix. Trichophorum cespriosum, Calluna wukgans
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vegetation, the species data from all these
Main plots (plus data from Main plots
recorded in 1978) have been classified using
the multivariate statistical technique,
TWINSPAN. to create 29 'Main plot classes’
(MPCs). These have been given shon
descriptive names to aid presentation of the
results, but it should be remembered that
the definition of the plot classes may not
correspond entirely with the more general
usage of these names. A total of 29 classes
was chosen as being a suitable level of detail
for the purposes of this repor: they could be
further subdivided for more detaled
analysis.

5.2.3 The plot classes were ordered. as shown in
Table 5.1, according to their relative
positions on the principal gradient (derived
from the multivanate statistical technique,
DECORANA). The order has been
interpreted in terms of a gracient from h:gh
intensity of management (eg in arable fields)
10 low intensity {eq in upland vegetation).
The woedlands, however, occur throughout
ttus gradient and they have been grouped
together in Table 5.1 and subsequent
Figures (but retaining their respective order,
one to another), as an aid 10 interpretation.

Main plots: stock in 1980

5.2.4 Figure 5.2 shows how the Main plots
recorded in 1350 were disiributed between
these 29 Main plot ciasses, in the four
landscape types.

5.2.5 Inthe arable landscapes. the most abundant
plot classes were those assoclated with
arable fields and improved grass; there was
also a small number of plois in woodland.
The more upland classes which included
moorland and bog were mainly from land
immediately adjacent to arable areas in
Scotland.

526 Six classes of vegetation have been
identified associated with arable crops. In
the arable landscapes, classes "Arable C'
(MPC3 - mainly graminaceous weeds In
cereal fields) and ‘Arable E' (MPC6 - mixed
weeds in cereal fields) were most abundant,
compared to the pastural landscapes where
there was a more even spread over the six
classes. -

527 'The pastural landscapes were dominated by
grasslands, but also included examples of
most other plot classes. Previously the
marqunal upland landscapes have been
thought of as having the most diverse

70
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landscapes, but Figure 5.2 shows that. in
terms of plot classes. the lowland
landscapes have a greater varnety, the
presence of upland vegetation was largely
fragments of acid grass and moorland
remaining n lowland classes.

The vegetation of the marginal upland
landscapes fell into two distinct groups: the
upland grass/moorland and the lowland
grassland. The spatial proximity of these
two habitats 1s importart, eg in providing
bird species with roosiing and feeding
grounds respecively.

The upland landscapes were dominated by
moorland, and were least diverse 1n that
they contain large areas with few plot
classes. Woodlands recorded included
both conifer plantations and native woocds.
The small area of improved grassland was
largely associated with crofting townships.

Main plots: change between 1978 and 1990

5.2.10 Aol of 1203 Main plots, from 248 1 kan

5211

squares, was recorded in the same position
in both 1978 and 1990. Data from these
paus of plots were used here 10 consider
how the vegetation changed over this
period.

There are two scales of change observable
from the plot data. Fust, there isthe gross
change whuch follows a change 1n land use,
for instance following the ploughing of old
pasiure. Second. there is a more subtle
change in quabty withun the land cover type,
as detected by a gradual loss of species.

52.12 The exient of the gross changes is most

reliably derived from the land cover
mapping. as presented in Chapter 3,
although vegetation plot data may provide
additional insights {as discussed bnefly
below - section 5.2.13 onwards).
However, the vegetation plot data alone
provide information on more subile
changes in quality (as discussed in 52.19)

Main plots: gross change in vegetation

5.2.13 Inorder to consider gross change, the 28

plot classes have been aggregated into six
broad categones: 'arable fields’ (classes
MPC2-MPCT): 'lowland improved
grassland’ (MPC8-MPC12} ; ‘lowland semi-
improved grassland’ (MPC13-MPCI16);
‘woodland' (MPC17-MPC21). ‘upland grass
mosaics' (MPC22-MPC25); and ‘'moorland’
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5.2.14

5.2.15

(MPC26-MPC29). (Sal'marsh - MPCI - has
been excluded from these groupings.
because 1t is an ecologically distinct type )
Change in these six categories has been
examined for each of the four landscape
types in terms of the proportion of plots
which have changed from one category 10
another, as opposed to those which have
remained in the same category Matrices of
change between these categories are
shown n Figure 5.3 {many of the changes
are small in terms of plot numbers and are
not significant).

Figure 5.3(a) shows that in the arable
landscapes most of the change involved a
rotation between the 'arable fields’ and the
low!and improved grassland’ categories.
with sorne intensification of the ‘lowland
semi-improved grassland’ category.

Figure 5.3(b) shows that in the pastural
landscapes there was rotation not onty
between ‘arable fields’ and 'lowlard
improved grassland’ , but also between
‘lowland improved grassland’ and 'lowland
semi-improved grassland’. [n addition,
there were more examples of 'lowland

52.16

5217

5.2.18

semi-improved grasstand’ converted to
‘arable fields’. There were also examples
of 'upland grass mosaics and 'moorland’
becoming lowland grassland or
‘woodland'.

Figure 5.3(¢) shows a different situation 1n
the margwnal upland landscapes Here
there was interchange between some
classes n the lowland improved grassland’
and ‘upland grass mosaics’ caiegories.
Some of the ‘moorland’ classes have also
become grassland, and vice versa.

Fiqure 5.3(d) shows that the uplands were
stable relative 1o the oiher landscapes The
only clear directional change was from
some of the 'uplard grass mosaics” and
‘moorland’ classes 10 'woodland’, mamly
through conifer afforestanon

Table 5.2 shows the effect the gross
changes have on the average number of
species recorded per plot. The dala were
grouped according ‘o the 1978 occurrence
of plots in the six categories, regardless of
whether they were in the same calegory

Table 52 Gross change (1978-1550) in species numbers recorded in paired Ma:n plots. within the broad categones of plot classes
derived from TWINSDPAN aralysis by landscape type Plots are allocated to 1578 plot categores {sce 5 2 .6)

% of Mean Mean Change SE
Landscape P.ziclass Nc of p.ois species spec:es I, mean %o of
type caiegones plots 1n GB ro i978 no 1890 speciesno  change change P
Arable Arable Selcs 130 12.2 57 5.0 -1.7 -254 05 s
Improved grass 55 51 1o 85 -25 224 08 b
Semu-improved grass 59 55 194 i7.4 -20 -10 4 10 -
Woodland 21 2.0 160 k79 1.9 116 34
Pastural Arable fields 73 68 7.4 B4 1.0 13.4 09
Improved grass 88 82 128 12! 07 55 06
Sem:-improved grass 121 113 215 16 6 -4 G 227 12 bl
Woodiand 29 27 150 119 31 208 11 *r
Up.and grass 2: 20 235 200 38 -18.0 16 *
Mooriand 17 1.6 15.1 1 g -3.2 -21.4 1.5 *
Marginal improved grass 14 1.3 16.7 17.0 02 1.4 13
upland Semu-tmproved grass 57 53 22.7 238 1.1 48 1.9
Woodland 11 10 218 129 8§ -408 7. *
Up'and grass 38 36 189 179 -1.0 -5.0 1.5
Moorland a8 k¥ 126 167 42 33.2 1.3 b
Upland Improved grass 3 05 88 12.3 35 396 15
Semi-imroved grass 7 0.7 202 20.3 0.2 o8 24
Woodland g 08 18 4 158 -1.7 90 a7
Upland grass 51 48 26.6 23.4 -3.2 120 2.1
Mooriand 204 19.1 18.7 196 09 4.7 0s
GB Arable fields 209 18.6 70 6.4 -06 -9.2 65
Improved grass 162 152 99 97 02 -2.3 05
Semu-improved Grass 244 228 2071 17.9 -28 -13.4 06 rea
Woodland 70 6.6 168 t45 -2.3 -138 14 *
Upland grass 115 108 236 211 -25 -106 11 .
Moorland 268 25.1 174 185 1.2 6.7 05 *

(Category 1 species only. Probability (P) is based on paired 1-tesi; * <0.1, ** <Q 0], *** <0.001)



Figure 5.3 Matrices of change showing movement of Main plots between the six
categories into which the Main plot classes have been grouped. Figures are % of
total number of plots in the landscape type ( + = less than 0.5% )
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in 1990. The low!and arable and pastural
landscapes have experienced the most
change, with the uplands remaining
relanvely stable. Over the country as a
whole, 'lowland semi-improved grassland’,
‘woodland’, and 'upland grass mosaics’
have all experienced a significant loss of
species diversity, whilst only in the
‘'moorland’, an inherently species-poor
category. has there been an increase.

Main plots: change in vegetation quality

5.2.19 Subtle changes in quality within vegetation

of the same category. eg 'moorland’. can
only be investigated by field survey
nvolving detailed plant species recording.
In this section, vegetation in each of the six

categories presented above (‘arable fields',

'lowland improved grassland’ ‘lowland
semi-improved grassland’. ‘woodland'.
‘upland grass mosaics’, ‘'mootland’) 15
considered in twrn. For this analysis three
measures of change have been used:
change between the plot classes within
each category; change 1n mean species
number: and change in species groups, to
indicate the sort of species which were
increasing or declining. Table 5.3 qives
brief descriptions of the species groups

5.2.20

522l

with typical species to show their ecological
character.

The species groups may be used to
mterpret the ecological composition of the
plot classess. The species groups form
different combinations within the ptot
classes according o the characteristics of
the vege:ation from wh:ch they were drawn.
These combinatiors reflect differences in
the charactenstics of the habrats which
relate to *he managemeni and environment
with which ikey are associated.

The occurrence of the species groups in the
Ma:n plet classes 1s shown in Figure 5.4 and
emphasises the inherent continuity of
vegetation Within the arable fields
category, the species present are mainly
from the weed groups (5G28. SG29 and
3G30), although groups of grassland
species are also represented (eg SG23 and
5G24). Within the two lowland grassland
categories, species from the weed groups
are agawn represented, as well as flush and
grassland species {(eg from SG10 and
SG12). The woodland' categery contains
morc shade-tolerant species than
elsewhere (eqg 5G16 and SG18). The
‘upland grass mosaics’ category has

Table 5.3 Bnef descr:pners of the 32 species groups (defined by apply:ng Ward s manimum varance c.ustering of CECORANA
scores) Two examples of e Lsi of species belonging to esch group are given 1 order 10 provide an overal picture of the
composi.cn he groups are crdered according to their average DECORANA sceres

SG1

5G2

SG3

5G4

SGS

SGB

SG7

5G8

5G9
SC:C
S8Gil
5Gi2
SGI13
5Gl4
SGCl18
SGl§
SG17
SGlg
SG19
SG20
SG2t
SG22
SG23
5G24
SG25
SC26
sGa27
8Ga8
SG29
SG30
SG31
SGC3e

Bog pool p.ants

Bog plants

Wet heath plan's

Acid fiush plants

Upland heath plants

Dry keath plants

Lplard sireamside planis
Acid darmp scrab plan's

Dry nillside planis
Nutnieni-pocer grassland pianis
Znnched flush plants
Neural/acid grasslard plants
Neutral woodland plans

Wet meadow plants

Damp woodland edge plants
Calcareous woodlarc planis
Calcareous scrub plan:s

Wel shaded streemside planis
Calcarcous meadow plants
Base-nch meadow plan's
Damp neuiral meadow plants
Shaded wet meadow plants
Old permanent pasture planits
Feld margin planis

Improved permanent pasture plasils
Overgrown field margin planis
Mariame plants

Weeds, mostly perenaal
nnched field margm planis
Weeds. mostly annuat
Aquanc plants

Wall planis

Menyanthes uohata. Drescra rotundifolia
‘Trnchophorum cesproswr. Nartheciwn ossifragum
Caliuna vuigaris. Molimia cacruleca

Succisa pratensis. Potenulia crecta

Nardus stricta, Viola palustns

Vaccruum myrtillus, Doschampsia foxuosa
Thelyptens bmbosporma, Gahum saxauie
Sorbus aucurana, Sobdago vugawea
Sarothamnus scoparus. Plendium squiltnum
Fesluca ovina, Thymus drucel

Achillea ptarmucs, Cirsiam palustre
Agrostis canina. Conopogium majus
Crataequs monogyna, Hyacinthordes non scnpla
Lychrus fles-cucih, Cardanune praiensts
Corylus avellana, Ajuga reptans

Arum maculatum. Mercunalis perennis
Comus sangwnea, Prunula veris

Phalans cananensss, Lysimachia nemorum
Sanguisorba runor, Bromus erectus
Achillea mullefolurn, Briza media
Polygonum bistorta, Veronica chamaedrys
Fulipendula uimana, Caltha palusins

Reliis perenmus, Leucanthemum vulgare
Potentiia anserina, Vicia cracca

Lohum perenne, Cirsium vuigare
Anthriscus sylvestris, Heraclewn sphondybum
Armena mantima, Plantago manitma
Rumex obtusifolus, Sonchus oleraceus
Coniurn maculaium, Pelasites hybndus
Avena fatua, Capsella bursa-pastoris

Typha latifobia. Nuphar lutea

Polypodium vulgare, Umbiticus rupesuts

T4



Figure 5.4 The occurrence of species groups (SG1-SG30) in the Main plot classes (MPC1-MPC29)

Main plot classes
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+ indicates that at least one species from the species group is recorded in at least 10% of plots in the plot class
I indicates that a1 least one species from the species group is recorded in at least 30% of plots in the plot class
Total is the number of specics groups in each plot class, where at least one species is recorded in al least one plot

NB. 831 and SG32 are excluded from this analysis because there are (oo few records
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Table 54 Charge (1578-30) ir the relaive posinons of he
paired Man plots on the pnncipal vegetauon gradient (denved
by TWINSPAN anatysis}. using only those plots which 1emaimned
inthe 'arable fields' ca:egory of plot classes (MPC2-MPCT). by
landscape ype

cases, there has been a decline in the
proportion of 'Arable E' (MPC8) and an
increase in 'Arable C'(MPC4), indicating a
decline in broadleaved weeds and an
increase n graminaceous weeds within

- -

Liecuon of Landscape ype cereal crops. The overall direchion of

change in Ma:gmnatl . ‘

arable fields Arable Pastural upland Upland changes occtirrmg n each lmdscape type
can be simplified by considering the

Lp' €7 47 NA NA direction of movement of plots along the

Down? 9 24 NA NA N : -

Same?® a4 29 NA NA principal vegetation gradient (Table 5.4). In

‘Perceriage of plots that have moved up the parc:pal gractent
to more 1n'ersive plot ciasses

*Perceniage of plots that have moved down the pnacipal
(j:ad‘.cn: 10 less intensive plot classes

Percentage of plots that have remaired :n the same plot class
NA Not apphcable

species from a range of groups, whilsl
species from the ‘moorland category are
restricted to the upland groups SG1-SG7T.

5224

both arable and pastural landscapes, more
piots moved up the gradiert to more
iniensive classes than moved down.

Change in species number

Table 5.5 shows the change in mean
species number from plots which were in
‘arable fields' in both 1978 and 19390. In the
arable landscapes there has been a 38%
decline 1n species number, whilst :n the
pastural landscapes there has been a small

5222 hgure 5.4 also shows how species groups loss which was not siatishcally significant,
can be used as a measure of diversity. This means tha:, in 1978, felds in the two
The 'arable fields’ category has the lowest landscape types had sumilar numbers of
nurmber of species groups. The ‘lowland species, but by 1990 those in the arable
mmproved grassland’ category is variable landscapes were poorer. with 25% fewer
but generally has more species groups species.
than does the "arable fields’ category. The
‘'semi-improved grassland’ and ‘upland Change in species groups
grass mosacs’ categories are the most
diverse. with ‘'moorland’ being 5.2.25 Figure 5.6 shows the way in which different
intermedhate. The ‘'woedland’ category types of species (species groups) have
contains both the most diverse plot class changed in frequency between 1978 and
(MPC19, acid woodland with 21 species 1890, for those plois which were in the
groups). and plot classes with low diversity ‘arable fields’ category (MPC2-MPCT) 1n
(eg MPC21, Sitka plantation with only five both years. Annual weeds (SG30) and
species groups). perennial weeds (SGZ28), in parucular, and to

a lesser extent grassland species, were
Arable fields (MPC2-MPC1T) recorded less ofien in 1990 than in 1978. For

example, there is on average one fewer
Change between p]of classes annual weed species recorded per p]OI. In

the arable landscape type. This decline of

52.23 hgure 5.5 shows the change in the the weed fiora may have some implications

proportion of plots 1n each of the six plot
classes (MPC2-MPCT) associated with
arable fields, for the arable and pastural
landscapes. (The sample in the marginal
upland and upland landscapes was too
small for analysis to be included.) In both

for invertebrate and bird species, but from
the botanical viewpoini the species 1n
dechne are widespread elsewhere in the
landscape, eg on disturbed ground, and are
not themselves likely to be considered of
great conservation imporiance. The rare

Table 55 Change (1978-980) in the mean number of species per plot, from those paired plots that remained in the 'arable fields’
category of plot classes (MPC2-MPC7), derived by TWINSPAN analysis. by landscape type and GB

% of Mean Mean Change SE
Plot class Landscape No. of plois species species 1n mean % of
category ype plots inGB ro. k978  no. 1990 speciesno.  change change P
Arable fields Arable 112 105 6.7 4.1 -25 -379 05 e
(MPC2- Pastural 52 49 68 6.1 071 -10.4 08
MPCT) GB 165 154 6.7 48 -19 -2B.1 04 b

(Category | species only. Probabudity (P) is based on paired i-iest. * <0.1, ** <0.01, *** <0.001)
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Table 5 6 Change (1978-90) in the relative posiuons of the
paired Main plots on (e principal vegeiaton gradien: (denved
by TWINSPAN analysis) using only those plo's which remained
in the lowland grassland categones (MPC8-MPC16), by
landscape ype

Chrection of Landscape type

change in

lowland Marqinat
grassland Arable Pastural upland  Upland
Up' 33 42 23 NA
Down? 18 23 Kh| NA
Samne’ 48 35 45 NA

‘Percentage of p.ots that have moved up the princ:pal gradient
io more iniensive plot classes

*Percentage of plots that have moved down the pnncipal
gradicnt 1o less :ntensive piot c.asses

*Percentage of plots that have remained in the same plot class
NA Not applcable

speciles assoclated with arable fields, such
as Agrostemrna githago (corncockle), had
already disappeared from the vast majonty
of fields by 1978 and so do not occur In this
data set.

Lowland grassland (MPC8-MPC16)
Change between plot classes

5226 Figure 5.7 shows the change in the
propertion of plots in each of the nine
lowland grassland plot classes (improved

and semi-improved) (MPCB8-MPCI16).

5.2.27 The main mmpact on grasslands in arable
landscapes is rotation with arable crops
(see higure 5.3a). [n comparison with these
fields, permanent pasture shows little
significant change.

5.2.28 Inthe pastural landscapes there have been

larger shifts between grassland types in

both directions, 1e extensification and

5229

5.2.30

5.2.31

intensification, with no significant net
change. The decrease in the 'intensive
grass plus weeds' group (MPCS). and the
increase In the ‘rye grassland’ group
{(MPC10) may reflect changes in
management practice. In these pastural
landscapes there are small declines in the
least improved groups, MPC15 and
MPCI18.

In the marginal upland landscape there are
small differences but no clear net change.
Relatively few plots have changed class
compared with the pastural landscape
type.

The changes in the distribution of plot
classes, as described above. are mostly
very small. This could be because a class
15 gaining.and losing plots and so there is
no net change, or it could be because
changes in species composiion are taking
place but they are insufficient 1o cause a
shift 10 another plot class (for example, a
plot may be classified into the same class
in both years because :t has the same
‘core’ species, but the overall species
complement may have declined and fewer
species groups may therefore be
represenied, if this trend continued, and
sufficient of the core species were lost,
then the plot would change class).

The difference in the direction of the
changes occurring in each landscape type
can be simplified by considering the
proportion of plots which have moved
towards the intensive end of the principal
gradient, as opposed to those which have
moved towards the extensive end (Table
5.6). More plots in the lowland grassland
categories have moved up the gradient
than have moved down.

Table 5.7 Change (1678-50) 1n the species number recorded :n paired p.ots that rema:ned 1n the lowland grassland’ categor.es of
plot classes (MPCE-MPC16). denved by TWINSPAN unalysis. by landscape type and GB (NB the upland :andscape type has very

few plots) ]
> % of Mean Mesn Change SE
Piot class tandscape No. of plois species species mmear % of
category rype plots in GB no. 1978 no. 1990  speciesno. change change P
Improved grassland  Aratle 26 24 87 -1 -1 12
(MPC8~ Pastural 59 55 102 107 05 46 09
MPCI12) Marginalupland 8 07 13.9 133 -086 -45 33
Upland 3 03 87 13 183 2.3
GB 96 90 . 103 103 -00 -0.1 0.7
Serru-improved Arable 28 2.6 2ls 203 -1z 57 1.2
grasstand Pastural 51 48 222 192 -3.0 -135 18 *
(MPC13- Marginal uplanc 23 23 22.2 238 16 1.2 16
MPC .6} Upland 3 05 198 212 Cla 71 25
GB 109 102 218 206 -13 -59 09

(Category 1 species only. Probabihty (P) is based on paired i-test * <Q 1, ** <0.01, *** <0 00])
g p
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Table 5.8 Mean rumnber of species per p.oi:n *lowland
improved grassland' (MPCS - MPCI12) and ‘lowland semi-
improved grassland' (MPC 3 - MPC16) 11t . 978 and .95C
{rese grasslands did not occur ik suificient awmnbers 11 the
upland landscape 'ype for meatngful comparsons to be
T.acde)

Improved Seru-:mproved
Landscape grassland grassland
ype 1978 1950 918 1990
Arable 98 81 215 203
Pastural 102 107 222 132
Margiral upland 136 133 222 238

Change in species number

5.2 32 Table 5 7 shows the change in mean
species number from plots which were in
‘low.and improved grassland’
(MPC8-MPC12) or 'low’and semi-
improved grassland’ MPC13-MPC16)
categories in botn 1978 and 1990 The
only statistically sign:ficant change was a
decline in species number In lowland
semi-mproved grassland' in the pastural
landscapes

5.2 33 Table 5.8 shows the differen: trends 1n
species number in the three landscape
iypes. In 1978 the mean species number
in the lowland mproved grassland’
category (MPCB-M>PC12) was very similar
In the arable and pastural landscapes. and
was substantially lower than in the
marginal upland landscapes. However, by
1960 the fields in the arable and pastural
landscapes had diverged. so that those in
arable landscapes were poorer 1n species.
In the 'lowland semi-improved grassland’
category (MPC13-MPCI18), the fields in all
three landscapes had very simiar
numpers of species in 1978, but by 1990
those in the marginal upland landscapes
were nearly 5% richer than those in tke
pastura! landscapes.

Change in species group

5234 hgqgure 58 shows the change inthe
frequency of species. by species group.
between 1978 and 1990 for plots which
were 1n the 'lowland improved grassland’
category (MPC8-MPCI12) in both years.
Annual weeds (SG30) have declined 1n all
three landscape types.

5.2.35 Plots in the pastural landscapes show only
small overall changes but data from plots
in arable landscapes suggest tha:
simplification has occurred over the period
15T78-50. with some loss of 'old permarent

pasture plants’ (SG23) and 'improved
permanent pasture plants' (5G25).

5236 Inthe marginal upland landscapes there
was a marked decline in '1mproved
permanent pasture plants' (SG25). The
small increase in ‘neutralfacid grassland
plants’ (5G12) and nutr:ent-poor
grassland plan:s’ (SG10) suggests that
some of the fieids had declined in fertility
between 1978 and 1990

5237 rigure 5.9 is the equivalent diagram for
plcis which occurred in "lowland semi-
improved grass.and’ (MPC13-MPC16) in
both years The three landscape types
show quite cifferent patterns. in the arable
landscapes :here were smal! gans ang
losses in many groups but there were no
clear irends However. in the pastural
landscapes nearly alt the species groups
have declined. indicatng that the loss in
diversiy nas affected most plant species.
The mest pronounced cecline was
assoclated with ‘base-rich meadow plants'
(5G20) which includes many of the rarer
grassland species. The arabie and
pastural landscape types show a consisient
loss of diversity. as measured by the
frequency of species groups, with most
groups declining.

5.2.38 Inthe marginal upland landscapes there
appear to be two separate trends - in the
fields on more ferile soils there was an
ncrease in umproved permanent pasture
piants’ (SG253), but also in 'old permanent
pasture plants’ (SG23) On the less fertile
soils and unenclosed areas there were
both gains and losses, with an irdication of
a decline 1n erriched flush plants (SG11)
and "ac:d flush plants’ (SG4).

Table 5§ Change {1978-90) :n the :clauve pos:tcrs of the
pared Main plots on the pnncipal vegetaton gradien (Zenved
by TWINSPAN anaiysis) using orly those plots which remainad
in the ‘woodland’ category (MPCI17-NMPC21), by landscape
ype

Direcnon of Lardscape type

charge :n Mararal
woodland Arable Pustura. ap.ard  Ugland
Up! & 36 33 2
Down! 8 28 22 0
Sarme!? 77 36 44 71

'Percentage of piois that have moved up the pancipa gracien:
to more miensive g.ot classes

Percemage of p.o's tha: have moved dowr the prncipal
gradier! io less imensive plot classes

‘Percemage of pio's that have remaned ir: the same plot class



joid J1ad sarads jo Jaquinu ueaw uy 33uey)

80 £°0 0°0 ¥0-80 T'I- 91~ 80 #°0 00 ¥°0-8°0-T'I- 91~ 80 £°0 00 ¥0- 80 T'I- 9°I-

80 +°0 00 ¥0-80-T1-9°1-

sajeWInsd
[euoneu adnpoxd
0} ejEp JUADINSU]

puerdn puepdn eursiepy [eamyseq alqeay

(0£9S) [Enuue LISOUI * SPIIAY

(879S) remuuatad Apsow ‘Spassp

(L799) syueyd supEel

(9798) syuwyd ujdieuw ppy umosdioaQ
(s798) siuefd aamsed jusuvwsad pasoxduy

(rzos)suerd uydiew prayy

sdnoad seadg

(£798) syuepd aamsud jusueuiad pio
(1798) siuepd mopeaw [eynou dwecg
(0z9S) syuepd mopwaw yorI-aseg

(Z198) siuepd pue[ssead pow/uanon

(019S) syuejd puwjssuad 10od-jyudrnny

0661 PUE 8L61 Yr0q Uy
K109a3e0 awies ayp) ur 219m yoIym syopd asoyy Ajuo Juisn pue adK) adeaspuey £q ‘(7] - 8DJIN) ‘ pur|sseld pasoxdury

ANV ISSVED AIAOAJINT ANV IMO'T
NI SdNOAHD SAIDAIS 8°'S dandiy

pueMoy, Jo JnsLRPERIRYD (€7 qe L) sdnoad sapads 11 3y Jo yowa J0j sapads Jo Joquinu uesu 3y uy d3uey)

82



jo1d 1ad sapads jo Jaquinu ueaw uy Fuey))

80 £°0 00 +0-80-T1-9'1- 80 ¥0 0°0 ¥'0-8°0-T'1- 91~ 80 F0 00 ¥0-80-TI- 9T 80 £°0 00 ¥0-80-TI- 91~

|
e H‘_,_—H'g’;‘il
-

[euoneu 3npoad
0] BIEP JUADIYNSU|

v
|

———

- ﬁ
— %
“
3
;

puepdp puejd) jeuidaepy] [eamsed Jqeay

(0£9S) [enuue Apsow ‘spaapy

(629S) syueyd m3rew ppy payorusy
(8798) [euuasad Apsow ‘spaapy

(L798) siaeld swpraey

(9798) siuepd uidiem pay umosdion
(5798) swwpd aamysed jusururiad paaoadury
(rz0s) syueyd wdaew ppyyg

(£298) syued aamsed yusuruiad pjo
(zz9S) syuepd mopraw jom papeys
(1798) siepd mopeaw [exynau dure(y
(0798) syuepd mopraw yoLI-aseg
(619S) surjd mopeaw snoasede)
(8198) syuerd apisuieans papeys 19p4
(L198) syueyd gnads snoasedfe)
(9198) siueid puvjpoom snoaiee)
(s198) syueyd a3pa puejpoom due(g
(r19S) syuepd mopeaw jopy

(£19S) sweyd puvpoom [exnaN
(Z19S) syuwyd pueyssesd ppe/ennay
(1198) syuepd ysng payoriuy

(0198) syueyd puvissead 1ood-juarnny
(698) syuawyd apisyiy A1

(898) syueid quaos durep ppy

(L9S) syueyd apismwans pueydy
(998) syuwjd qruay L1

(s98) syaeyd yiway puwpdp

(ros) syepd ysny ppy

sdnoad sapadg

0661 PUE 8/61 Y10q uj L1038 awies ay) uj adam
yorym spoid asoyy Ajuo Jugsn pue ad L) adedsspue] Aq ‘(9] - 1DJIN) ,puessead parosdwy-jwas puemol,
Joonsudpeleyd (¢°¢ aqe ) sdnosd sapads L7 3y Jo yora 1oy sapads Jo Jaquinu ueaw ay) uj 2Fury)

ANVISSVID AAAOUdINI-TINAS
ANVIMOT NI SdN0UD SHIDAIS 6°S 2an3iyg

83



syopd jo saquiny

001 08 09 OF 0T O 001 08 09 OF 0T O 001 08 09 OF 0T 0O 001 08 09 o 0T 0O

k

— — —_— - — —

puejdpn puedn [eujdiey [eamseq Iqeay

o661 B  sL61 []
ad £y adedspue| Aq

‘0661 PUE 8161 Yloq ul A10Tajed awes ay) uf 3194 yo1ym sjojd asoyy Ajuo Suisn ‘A103aed  puepoos, ay) wody ‘(syoid
e A 9Y) JO SISA[RUR NVJASNIAAL Wod) paArap) “(17-L1DdIN) sasseld joid uiepy aay ayy Jo Louanbaay ayy up aduey)

(1ZOdN) wonrueld eg

(0ZDdW) qnads proy

(61DdIN) PUBR[POOM PPOY

sassep jo1d urepy

(81DdIN) Spoom Jeapeoaq snopydiseg

(LIDdIN) Spoom A1epuodas Jeajpeoaq uadgy

ANV IAOOM NI
SASSV'ID LOTd NIVIN  01°S 2an3ig

84



Tabie 5.10 Change (1978-90) in the species number recorded in paired plois that remair.ed in the woodland’ category of plot
classes (MPC17-MPC2!). derived by TWINSPAN anlysis. by the four landscape types ard G3

% of Mear Mean Change SE
Plot class [andscape No of plois speces species in mean % of
caegory ype plo's ir GB ro 1978 no. 1550 speciesno.  change change e
Woodland Arable 17 16 14.9 160 1.1 7. 35
Pastural 25 23 149 117 -2 213 1.0 b
Margnaiupland 9 08 19.0 10.6 -8.4 -44.4 38 *
Upland 6 06 98 125 -1.3 -31.0 36 ’
GB s7 53 161 12.9 -3.2 -19.9 14 *

(Category | species only Probability (P) 15 based o1 pared i-tesi * <0 1. ** <001, *** <0.001}

Woodland (MPC17-MPC21)

Changes between plot classes
5.239 Figure 510 shows the change in the
proportion of plots in each of the five
woodland classes (MPC17-MPC21). Since

the classes were derived from analysis of
both canopy species ard ground flora data. 1t

is not known whether such change 1sdue 10 a

change in management (leading io changes
1IN Canopy compositicn), or to more subtle
changes in the ground flora because of other
reasons, or both.
5.2.40 Inthe arable and pastural landscapes there
was little change between the woodland
types. although in the latter case there was a
small increase in woodland overall In the
marginal upland landscapes there were
more extensive changes, eqg an increase in
‘acid scrub’ (MPC20).
524! Table 59 shows the change in direction of
movement of plots relative 10 the principal
vegeltation gradient. Plots in the arable
landscapes have moved down this gradient
{towards less intensive types), whereas there
was movement in both directions in the
pastural and marginal upland landscapes
and, in the uplands, there was only
movement up the gradient.
Change in species number
5.2.42 Table 5 10 shows the change in mean
species number for plots which were in
woodland in both years. It was expected that
woodlands would remain relatively stable,
since they are buffered against many
processes affecting more open countryside,
but the results show changes in species
number in three of the four landscape types.
Woodlands in arable landscapes show a
small but statistically insignificant increase in
species, whilst the other three landscapes all
show a significant loss of species.

85

5244

Change in species groups
5243 Fgure 5.11 shows the change in the
frequency of species. by species group.
between 1978 and 1990 for plots that
remained as woodland in both years In
woods in the arable landscapes. there was
no clear pattern, with both gains and losses
in species groups. Woods in arable and
pastural landscapes showed an increase n
‘field margin planis’' (SG24) and a decrease
n ‘calcareous scrub plants' (SG17) and
‘neutral woodland plants' (SG13). Woods in
the marginal upland landscapes showed the
largest losses, with all but one of the species
groups represented having declined: this
was 1n line with the overall species loss
(Table 5.10). There was a similar situation

in the uplands, with a decrease i 'acid
damp scrub plants' (SG8) and "acid flush
plants' (5G4).

Upland grass mosaics (MPC22-MPC25)
Change between plot classes

Figure 5.12 shows the change in the
proportion of plots in each of the four plot
classes in the 'upland grass mosaics’

Table 511 Change {1978-90) in the relative pesitons of the
paired Man plois on the pnac.pal vegetaticn gradient (derived
by TWINSPAN analysis) using only those plots which rermaned
i ihe ‘upland grass mosaics' category (MPC22-MPC25). by
landscape type

Directicn of Laadscape type

change in upland Marginal

grass mosaics  Arable Pastural vpland  Uplard
Up! NA J 21 14
Down? NA 21 9 14
Same’ NA 73 64 72

'Percentage of plots that have moved up the prircipai grachent
1o more inens.ve plot classes

*Perceriage of plots that have moved down the principal
gradient 10 less 11lensive p.ol classes

*Percentage of plois that have remained in the same piot class
NA Not appacable
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Table 5.12 Crange (1978-90) 1n the species numbe: recorded 1n paired plots that remained in the ‘upland grass mosaics’ category
of plot classes (MPC22-MPC25). derived by TWINSPAN analysis, by landscape type and GB

% of Mean Mean Change SE
Plot class Landscape  N¢ of plots spec.es specles In mean % of
caiegory type plots n GB no. 1978 no 1890 spec:es no change change P
Upland grass  Pastural 11 1.0 25.9 22 1 -38 147 21
mosaics Margmnal upland 22 21 B4 90 06 32 19
(MPC22 Upland 28 217 251 268 1.7 617 20
-M:PC25) G3a 63 59 232 234 02z . C 12

(Category ! species only Prcbab:lity (P)1s based on paired t-lest * <0.1, ** <0 0], *** <G 001)

5245

5246

5247

category (MPC22-MPC25), by landscape
type. Inthe pastural landscapes the plots
were stable, whilst in the marginal upland
landscapes there was a small decrease in the
‘upland grass. diverse’ ctass (MPC25) and
small increases in the other three classes. In
the upland landscapes there was little net
change.

The difference in the direction of changes
occurring in each landscape type can be
simplified by considering the proportion of
plots which have moved towards the
intensive end of the principal gradient, as
opposed 10 those which have moved 1o the
extensive end; this is illustrated in Table 5.11.
The majority of plots were stable, with
pastural landscapes showing movement
towards less intensively managed
vegetation, and marginal upland landscapes
moving in the opposite direction.

Change in species number

Table 5.12 shows the change in mean
species number from plots which were in the
‘'upland grass mosaics' category
(MPC22-MPC25) in both 1978 and 1990
None of the landscape types show a
statistically significant change in species
number. although the trend was for a
decrease 1n the pastural landscapes and a
slight increase in the marginal upland and
upland landscapes.

Change in species groups

Figure 5.13 shows the change in the
frequency of species in species groups in
plots in the ‘upland grass mosaics' category.
In the pastural landscapes there has been
some loss of ‘old permanent pasture plants’
(SGEZ3) from the fields on neutral soils, as
well as 'upland heath plants' (SGS) and 'dry
heath plants' (S§G6). In contrast, in the
marginal upland landscapes there has been
some increase in ‘neutral/acid grassland
plants’ (SG12) and a loss of ‘enriched flush
plants’ (SG11). "acid flush plants’ (SG4) and
'bog plants’ (§G2). In the upland landscapes.

88

there was an increase in 'acid flush plants’
(5G4) and 'upland heath plants’ (SG5).

Moorland (MPC26-MPC28)

Change between plot classes

5.2.48 Figure 5 !4 shows the change in the
proportion of plots in each of the four
mocrland plot classes (MPC26-MPC289).
There were only a few examples of these
types from the pastural landscapes, but
these were relatively stable However, in
the marginal upland landscapes there has
been a decline in the two most upland
categories (MPC28 - 'dwarf shrub heath’
and MPC2S - 'bog’) and an increase in the
least upland categery (MPC26 - ‘boggy
moorland’). ie a shift down the principal
gradient. [n the upland landscapes there
was also an increase in 'boggy moorland’
(MPC26) and a decrease in 'bog’ (MPC29).
The majority of plots were stable, although
more plots in the upland landscape type
moved up the gradient than moved down,
In contrast to plots in the pastural and
marginal upland landscapes, where the
reverse was true (Table 5 13)

Change in species number

5.2.49 Table 5.14 shows the change in species
number for the plets which were 1n the

Table 513 Change (1978-50) :n the relative posinons of the
pared Main plots on the pnrcipat vegetauon gradient (denved
by TWINSPAN analys:s), using orly those plots which remared
inthe ‘moorland’ category {(MPC26-MPC29) by landscape
ype

Direct:on cf Landscape type

change :n Marginal
moorland Arable Pastural upland  Uplard
Lp* NA 7 18 21
Down? NA 14 21 13
Same? NA 19 61 66

'Percentage of plots that have moved up the pnncipal gradient
0 more iniensive plot classes

?Percerlage of p.ots tat have moved down the princ.pai
gradient 1¢ less intensive plot classes

Percentage of plcis that nave remained 1n e same plot Class

NA Not applcable
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Tabic § 14 Change (1978-90) in the species rumber recorded in paired plois that remained 10 the 'moorland’ category of plot
classes (MPC26-MPC29). cerived by TWINSPAN analysis. by landscape type and GB

% of Mean Mean Change Sk

Plot class Landscape  No. of plots specics specles 11 mean % of
category type picis inG3 no. 1978 no 1990 species no change change P
Moorland Pasteral 14 13 156 12.1 -3.4 -220 1.t b
(MPC26- Marginal upland 28 26 124 163 38 317 13 *
MPC29) Upland t83 171 186 202 1.3 66 06 .
GB 230 2i5 177 19.0 | 4 78 05 b

{Category | spec.es orly. Probability (P) :s based on pared t-test * <0.1, ** <0 0] *** <0 0cl)

5.2.50

5.2.51

‘moorland’ category in both 1978 and 1990.
Both marginal upland and upland
landscapes show 4 significant increase in
species number, 1n conirast to the pastural
landscapes where the species number has
declined. Moorland habitats are inherently
species-poor, so the increase in species
number might indicate invasion by non-
moorland species. implying a change in
ecological character.

Change in species groups

Figure 5.15 shows the change in the
frequency of species in species groups for
these ‘moorland’ plots. In the pastural
landscapes there was a loss of 'bog pool
plants’ (SG1) and "bog plants’' (5G2). in
contrast, plots from the marginal upland and
upland landscapes show increases in most
groups; this suggests that whilst some of the
increase In species number in these
landscapes was of typical moorland species
(SG1-8G3). in other cases it was due to
invasion by species more typical of acid
grassland (SG5-SGT7). The largest increase
n the upland landscapes was in species
associated with acid flushes ($G4). which
form an integral part of many moortands.

Main plots: conclusions

Within the arable landscapes the overall
trend has been one of reduction in diversity
of vegetation, except in woodland. This loss
in diversity was particularly marked in the
arable fields, reflecting improved crop
management and the use of herbicides and
fertiizers. The loss in diversity reflects an
overall decline in an already depleted
resource, the species showing most decline
were mainly widespread weeds in
cultivated fields. The losses in semi-
improved grassland are more significant in
that they represent a reduction in the stock
of an already restricted group of species.
The loss of diversity in fields means that, in
many areas, linear features provide the only
remaining source of meadow species and.

91

5252

5.2.53

5.2.54

as such. provide an imperntant but limited
resource of plant diversity which could
expand in response o suitable
management practices.

In the pastural landscapes. the loss of
plant diversity has been greater in
grassland than in arable fields. The loss of
quality in grassland reported here
supports the results of work by Hopkins
and Wainwright (1989). Although the
overall loss of species was higher in
pastural landscapes than in arable
landscapes, the proportional loss was
lower because of the higher initial
complement. However, the species
declining include those which are already
nationally scarce, ie those associated with
unimproved meadows, which are
intolerant of frequent disturbance and are
unable 10 compete successfully against
more vigorous spectes, except on infertile
soils.

In the marginal upland landscapes there
appears to be some polarnisation between
changes in the enclosed fields. and the
unenclosed land. In the enclesed fields,
losses and gains in diversity were 1aking
place simultaneously. More detailed
analysis of management on farms will be
required to examine the cause of these
changes. The unenclosed areas were
more stable, although moorland shows a
irend towards an increase in the number
and range of species, indicating a negative
eflect on the integrity of the moorland
habitat.

In comparison with the other landscape
types, the upland landscapes appear
stable, confirming the conclusions of the
analysis of the land cover data (Chapter 3).
The most cbvious changes result from
afforestation. There was some indication of
a quality change in moorland with an
Increase in species number and a trend
away from the most extreme types of
upland vegetation.
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5.2.85

52.58

These changes in moorlands may be
related to differences in grazing regimes.
Grazing pressure has changed in differen:
ways i different parts of the uplands over
the 1978-90 period: for example, stocking
levels for sheep have decreased in the
Quter Isles (Watson 1988). but increased
over much of the mainland, whilst deer
grazing has increased considerably in most
of Scotland (see Bunce et af. (1993) for
further ciscussion). Change in moorland
vegetation may also be an indirect result of
afforestation through impact on catchment
hydrology. The identificaiion of the
processes involved reguires further survey
and analysis.

It was expected that woodland would be
relatively stable. since 11 is generaily
thought to be buffered against many of the
changes affecting farmiand and moorland.
However, the resulls show that in the
pastural, marginal upland and upland
landscapes there has been an overall
decline In species number within woodland
but an increased proport:on of species
assoclated with disturbed grassland
Further study 15 required 1o determine the
processes causing these changes (eg
nitrogen loading. as described by Pitcairn
ctal (1981)).

The upland grass mosaics were the most
stable category of plot classes ard the only
significant change n land use in the uplands
was afforestation However. the increase in
the numnber and type of species recorded in
plots on moorland and bogs is noteworthy
because. as Usher (1991) has emphasised,
the diversification of inherently species-
poor ecosystems represents ecological
degradation

The overall movement of plots in rejation to
the principal gradient is summarised in
Table 5 15. This emphasises how much

Tabiz 515 Change in the relaave posiions of the 1§78 and 1999
pa::ed Mai plicts on the parceipal vegetanor. gradient (denved
by TWINSPAN aralys:s) using plots fiom al. caregores
(MPC1-MPC29). by landscape 1ype

Lardscape type

Direchion of Ma:rgmal

change Arable Pastural upland  Upland
Up’ 48 49 36 27
Down? 15 22 25 18
Same? 24 29 36 55

rercentage of p.ots thaThave moved Lp 1he principal gradient
10 rore ntensive Lot classes

*Percentage of plots inat have moved dowr the onnCipal
grad.en: w0 less intensive ploi classes

’Perceniage of piots that have remained inhe same plot class

93

5.3

531

532

533

534

more stable the uplands were compared to
the other landscape types. with over 50% of
plots remaining in the same plot class Al
four landscapes show a net charge towards
more intensively managed vegetation but
this varies from 8% of plots in the uplands to
1 1% in the margiral upland landscapes. 27%
n the pastural landscapes and 29% in the
arable landscapes

Habitat plots

In 1990. five 4 m? Habitat plots were
recorded in each | km square, within semi-
natural vegetation, in order to sample those
scarce and fragmented habitats not covered
by the randomly located Ma:n plots.
Because these plots were not recorded 1n
1978. no change data are available but the
Habitai plots provide a baselne for
mon:toring future trends ir: such vegetation.
Some habitats, eg lowland heath and
saltmarsh. were so restricted that the sample
was orly siightly increased: in these cases,
the only way to increase coverage wou'd be
to Increase the sample size or specifically
iarget these types of nabutats (this is now
being undertaken as part of the DOE
‘Changes in Key Habitals' project) Whilst:
able to give a measure of the relative
abundar.ce of the habitats concemed.
information from Habitat plots cannot be
used in a statistical sense 1o estimate relative
frequency of habitats.

Figure 5 16 shows the distribuiion of habitats
sampled in this way, in each landscape type
(these Habitat plots were grouped
according to ther domirant land cover code
-~ as described in Chapter 3). There was a
clear division between the lowland ard
upland landscapes [nthe lowlands most of
the plots were placed in fields of agricultura!
and unmanaged grassland, with quite a high
proportion in woodland. In the uplands the
emphasis was on unenclosed vegetation.
especially diverse bogs and flushes, and
upland grass. More information on the
species present in the Habitat plots (as
opposed to the randomly placed Main plots)
will be available when these groups are
analysed in more detail

Comparisons of the relative occurrence of
the five random (200 m? Main plots with the
five (4 m?) Habitat plots within the four
landscape types are given in Figure 5.17.

in the arable landscapes the main coverage
of the random Maun plots was of crops and
weed species in arable fields. whereas the

S
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Habitat plots are mainly in lowland 5.4 Linear features — Hedge plots
grassland’, ‘unmanaged grassland’ and
‘woodland’. 541 Asoutlined in Chapter 2. there were two
types of plot which contributed data on
5.3.5  Inthe pastural landscapes the random Main hedgerows: the first of these were plots
plots cover a greater range of vegetation placed on boundaries adjacent to Main plots
than in the arable landscapes. but the (Boundary plots - see section 2 3.11), some
Habitat plots extend the number of samples of which were adjacent 1o hedgerows; the
in woodland and unmanaged grass, second type were plots targeted specifically
togeiher with less common habitats, such as at hedgerows (Hedge plots - see 2.3.11).
marshes, flushes and aquatic margins.
542 Analysis of the numbers of different types of
536 Inthe margmnal upland landscapes semi- plots enables the landscape types to be
natural vegetalion was more widespread compared. Table 5.16 presents the
and was iherefore well covered by the occurrence of Hedge plots i1 linear features
random Main plots. The Habi:at plots and those Boundary plots which were
extend the number of samples into some adjacent to hedgerows. in each landscape
_resiricted habitats. such as marshes. and in Britain as a whole. The plois
unmanaged grassland and flushes. targetted on hedgerows over-sample
, hedges in | lan squares where there 1s a
537 Inthe upland landscapes. the random Main limited hedgerow resource (because two
plots qive good coverage of most of the Hedge plots were always placed,
moorland vegetation, but the Habutat plots irrespective of the total length of
add more sarnples cof flushes and the more hedgerow).
species-rich pans of the upland grassland.
They aso add 10 smaller and scarcer 543 Considering boundaries other than
habitats such as marshes and maritime hedgerows, Table 5.17 presen:s information
vegetaton. on the types of boundary sampled by
Boundary plets placed (being linked to the
538 The Habitat plots double the coverage of random 200 m? plots), and hence the
woodland and greatly extend the number of frequency of different boundary types. The
plots placed in unmanaged grassland, as eight boundary types in Table 517 are
well as adding many more in lowland based on the dominant boundary element
agricultural grassiand. Further breakdown These data reproduce the resuits from the
of these types may reveal that more diverse land cover mapping reported in Chapter 4.
types. eg chaik grassland, were more
frequently sampled by Habutat plotsand that 544 A high proportion of field boundaries in the
many more species were recorded, on arable landscapes were fences. hedges and
average. in the Habutat plots. compared to water edges In a national context. ihe
Main plots. In addition. the Habitat plots arable landscapes contained most Instances
have extended the coverage of other where road verges and grass strips formed
scarce habitats. such as marshes and heath. ‘he Seld boundary
Table 5 16 Frequency of ‘otal Hedge plots placed along .
hedgerows 1 1950 fzom both targened Hedge plots and those 545 Fences account for an even higher
Bounda'y plois thal were hedgerows. by landscape type ’ proportion of boundanes in pastural
- — landscapes than in arable ones. Hedges
Landscape Hﬁff;e Bc.undaw‘, foia. ~ecge and to a lesser extent walls were also
ype ElCis (hecge) plc:s plots
common. Most of the banks cccurring as
Arabe 268 200 458 boundarnes were also in these areas.
Pastural 285 168 423
f.;)‘]ﬁ:g“l upland 4 ]8 12 °8 546 Inthe marginal upland landscapes. fences
Total G3 N 386 950 were again the most common type of field
Table 5 17 Frequercy cof eight bourdary types recorded :n the Boundary plots placed adjacern: io Mam piots 1 1950 by the four
‘andscape types
Landscape type Hedge Fferce Wall Water Crass sinp Bark Verge Other Teta!
Arable 165 268 35 130 24 15 79 8 762
Fastural 167 330 8l 4l : 43 23 15 714
Margiral upland 18 126 51 8 2 5 . 21l
Uplang C 84 28 B 0 2 c 120
Total GB 384 809 193 185 3 60 109 25 18C7




Table 518 Classificat.on of Hedge plo's based on woody
species present 11 hedgerows. sher Cummins eraf (1§52)

Number

Name/Descrpticn Shon name

WSsCI
WsC2
WSC3
WSC4a
WSCéb
WSCac
WSCSa
WSCsb
WSCB
WSC7
wsce

Mos:ly planted non-native spp
Wild privet presenm

Mostly non-nabve
Wild privet presen:

Beech dormnart Beech
Hawihorn domenan: Hawthom
Mixed hawihom Mixed hawthom
ElderMawihom ElderMawihom
Willow or rose domenan: Willow or rose
Mixed hazel predominant Mixed hazel
Blackthorn predomnan: Blackthom

Elm predomiran: Etm

Corse dormnani Gorse

Tabie 519 Class:ficaticr. of Hedge plots based on gzound flora
species, afier Cumrmens et o (1592)

Number Narne/Descripuon

Shon name

HG1
G2

HG3

HG4

Arable cropland

Cther :ntersively maraged ground
(maindy lowland)

Rough grazings and less :ntensively
manuged grass.arids

Weoedland vegetauon

Arable
Imensive Grass

Pasture

Woodland

547

boundary. with a higher proportion of walls
than in the lowlands. In the upland
landscapes there were few boundaries of
any type: 70% of Boundary plots recorded
were alongside fences, with mest of the rest
being walls No hedges were recorded in
these upland landscapes.

Detalled analyses of the Hedge plots,
including those Boundary plots that were'
adjacent to hedgerows. are given in
‘Diversity in Britsh Hedgerows' (Cummins
el al 1992) - which also contains more
detal specific to hedgerows, eg individual
species and cover information Data used
in that repon are presented here in relation
to the four landscape types.

Hedge plots: stockin 1990

5.4.8

549

The Hedge plots were classified in two
ways. both using TWINSPAN., based on:

1 woody species present in the hedge
(WSC1-WSClI1, as shown in Table
5.18): and

. the associated ground flora (HG!1-HG4,
as shown in Table 5.19)

Figure 5 18 shows the frequency of the 11
‘woody species classes’ (WSC) for three
landscape types. This demonstrates the
dominance of hawihorn hedgerows in each
of the three landscapes where hedgerows
occurred. Blackthom was abundant in the
lowland landscapes, but less so in the

97

54.10

margmal upland landscapes. The
proportion of mixed hazel hedges
increased from arable, through pastural 1o
marginal upland landscapes. whilst elm
hedges were restricted to the lowlands, and
gorse hedges to the pastural landscapes.

Figure 5.19 shows that in arable landscapes
the 'arable’ ground flora class (HG1) was
most frequent. Also well represented was
‘intensive grass' (HG2). In pasiural
landscapes most hedge ground floras
belonged to the ‘intensive grass’ class
(HG2), but "arable’ (HG1). '‘woodland’
(HG4) and ‘pasture’ (HG3) classes were
also abundant. This shows that in the
lowlands hedges represent an importan
reservorr of woodland and meadow
species. Hedges were less comimon in the
margnal upland landscapes; of those that
do occur, ‘woodland’ (HG4) and ‘pasture’
(HG3) were the most frequent ground flora
types, with a few examples of 'intensive
grass' (HG2).

Hedge plots: change between 1878 and 1990

54.11

5.4.12

The analysis of change for hedges was
based on the 261 Hedge plots sampled in
1978 and reliably relocated and recorded in
1990.

Of these paired Hedge plo's. 63 (25%) no
longer had a hedge present in 1990, in
eight sites (3% the last hedge in the whole
! kani square had been 'lost’. The overall
loss due 10 total removal (as opposed to
boundary replacement, or change) was
19%. The losses were approximately
proportional 1o the abundance of the type in
1978. 1e there was no indication that loss
was related io hedge type, either i1 terms of
woody species or ground flora (see Figures
518&5.19)

5.4.13 The changes in the proportion of plots in

5414

54.15

hedge ground flora classes (Figure 5.20)
showed a distinct shift towards the "arable’
class (HG1). in both arable and pasturat
landscapes. In the marginal upland
landscapes there was a minor trend away
from the ‘'woedland’ class (HG4) towards
intensive grass’ (HG2).

Table 5 20 shows that the only significant
change 1n spectes number 1s a loss of
species, In the pastural landscapes.

Figure 5 21 shows the changes in the
frequency of species groups recorded in
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Tabie 520 Change (1976-90) in species numbers recorded in paired plois placed along hedgerows. by landscape type

Mean species Mean species Change 11 mean SC
landscape ype No of plots no 1978 no 1990 specles no of change P
Arable 116 110 102 -08 0.6
Pastural 11 146 131 -15 06 .
Margiral upland 24 170 175 04 13
GB 251 13. 122 -10 04 .

(Sign:ficance 1s based on paired t-iest . Probabiliiy (P) * <0 |, ** <0.01. *** <0.001)

54.16

Hedge plots (these are the same species
groups used for the Main plots - see Section
5.1.4). Inthe arable landscapes the
woodland species groups and some of the
grassland groups have declined; the gamns
imply disturbance (SG30 - 'weeds mostly
annual” and 5G24 - ‘field margin plants’) and
lack of management (SG26 - ‘overgrown
field margin plants’ and SG17 - ‘calcarecus
scrub plants’).

In the pastural landscapes most of the species
groups have declined, particularly the
‘improved permanent pasture plants’ (5G25),
but also most of the meadow, calcareous,
woodland and scrub groups This indicates
thai the potential of hedges te provide a
reservoir of species for future recolonisation
has declined in these pastural landscapes
The margnal upland landscapes show more
variability. with some indication of an
Increase in species which respond positively
1o higher nutrient levels (8G30, SG26, SG24).

Hedge plots: conclusions

5417

5418

5419

54.20

Hawthorn hedges were the most frequent
type found in all landscapes. Mixed hazel
and blackthorn hedges were also cormmon.
especially in pastural landscapes.

The ground flora associated with hedges
varied between landscapes. ‘Arable’ (HG1)
and 'intensive grass' (HG2) ground flora
classes were dominant in arable landscapes.
"Woodland' (HG4) and 'pasture’ (HG3)
ground flora classes were more important in
pastural and marginal upland landscapes.

A quanter of the Hedge plots recorded in
1978 were no longer recorded as hedges in
1890 The loss of Hedge plots affected all
classes of hedge equally. The remaining
hedges continued to hold a high species
diversity (10-17 species per plot), though
there was a trend towards ground floras
associated with more intensive land
management.

A significant loss of species was recorded for
Hedge plots in pastural landscapes (from 15
to 13 species per plot).

102

5421

5.5.1

552

553

In arable and pastural landscapes there
were increases in the numbers of Hedge
plots in the "arable’ (HG1}) ground flora class
and decreases in 'intensive grass’ (HG2)
and ‘pasture’ (HG3) classes. In marginal
upland landscapes there were slight
increases in ‘mtensive grass' (HG2) and
decreases in 'woodland’ (HG4) classes.
These changes represent an overall shift to
more intensively managed vegetation.

Linear features - Verge plots

Verge plots wererecorded as 10mx | m
plots adjaceni 10 the edge of roads or
tracks, starting at the interface between soil
and tarmac. Where the verge was more
than 2 m wide (from the edge of the road io
I m from the centre of the next feature},
additional species were recorded in a
second 10 m x | m plot, parallel to the first
(these data were not included in the
TWINSPAN analysis from which the verge
classes were derived).

In each 1 ki square, two plots (which had
previocusly been recorded in 1978} were
randomly located and three further plots
(new in 1990) were targetted to ensure
coverage of the different categories of
roads and tracks present. These categories
were:

* ‘A’and 'B’ class roads, including dual
carnageways - these were referred to
as main roads in this report (motcrway
verges were not recorded)

» other {armac roads - referred 1o as
miner roads;

+ constructed tracks and non-tarmac
roads - referred to as tracks.

Table 5.21 shows the distribution of Verge
plots by landscape type and road category.
The arable landscapes had more main
roads than any other type, whereas the
pastural landscapes were dominated by
munor roads. Marginal uplands had simlar
numbers of plois along both minor roads



Table 5.21 Verge piots recorded :n 15%0 1n each road
calegory, in each ldndscape type

Landscape Ma:n Minor

type roads roads Tracks Total
Arable 216 251 250 117
Pasteral 192 353 184 723
Marg:nal upland 67 ¢a G4 253
Upland 52 30 107 189
G3 387 126 635 1948

and tracks, and the uplands were
dominated by the latter category.

554 Atotal of 1948 Verge plots were recorded
from 354 | kan squares throughout GB in
1590. In order 10 describe thus vegetaton,
the species data from all these plots (plus
data from 359 plots previously recorded in
1978) have been classified using the
multivariate staustical iechnique,
TWINSPAN, to create eight 'Verge plot
classes’ (VPCs). These have been given
short descriptive names to aid presentation
of the results. as shown in Table 522

Verge plots: stockin 1930

5535 hgure 5.22 shows the distribution of plots
between Verge plot classes. for those plots
recorded in the same location in both 1978
and 1990 only (paired plots), in each
landscape type. There was a clear
difference between the types of verge
vegetation recorded in the lowlands (arable
and pastural landscapes) compared with

the margnal upland and upland landscapes.

556 Arable landscapes have relatively few
shady verges adjacent 10 hedges or woods

Table § 22 Class:fication of Verge plois inio Verge plot classes

Verge
plot
class  Name/Descnpbon Short name
VPC1 Shaded verges. next to hedges Shaded
or woods
VPC2 Overgrown grassy verges, with tall Overgrown
mesoirophic herbs and russocky crassy

grasses, locally disiurbed

VPC3 QOvergrown eutrophic verges, with Overgrown
vigorous grasses and tall herbs, eutrophic
especially trtica dioica (sanqing
nettles). often next 10 hedges

VPC4 Mown grassy verges with some Mown grassy
meadow species, lackang diversity

VPCS5 Mown weedy disturbed verges. Mown weedy
lacking diversity disturbed

VPC6 Diverse mesoirophic verges. ofien Diverse
mown and disturbed, species-rich mesoirophic

VPCT Northem mown grassy verges, ofien  Mown infertile
on less fertle soils, species rich

VPCB Upland verges associated with acid Upland
grassland or moorland

55.7

558

559

5510

{(VPC1). and no verges in the 'upland’ class
(V2C8). They have a high proportion of
Verge plots in the 'overgrown grassy’
(VPC2) and 'overgrown eutrophic’ (VPC3)
classes. which were dominated by rank
tussocky grasses lixe Arrhenatherum elatius
(false oat grass). 'Overgrown eutrophic’
verges (VPC3) were the most common
type overall; this class included
competitive tall herbs. like Urtica dioica
{stinging nettle) and Anthriscus sylvestns
{cow parsley).

The ‘'mown grassy' verges (VPC4) and
‘mown weedy disturbed’ verges (VPCS)
both comprised short grassy swards
dominated by species like Lolium perenne
(rye grass) and Dactylis glomerata (cocks
foot). The 'mown grassy’ verges (VPC4)
had some small herb species. eg Plantago
lanceolata (ribwort plantain) and Achillea
mullefolium (yarrow). whilst the ‘mown’
weedy disturbed’ verges (VPCS) were
charactenstic of disturbed ground, and
typically had ruderals colonis:ng the bare
patches, eg Polygonum aviculare
(knotgrass), and Matricana matrcarioides
(pineapple weed).

The 'diverse mesotrophic’ class (VPCE)
included some of the more species-rich
verges, including herbs like Centaurea
nigra (knapweed) and Lathyrus pratensis
(meadow vetch). About 20% of plots in
arable landscapes occurred in this
category.

In the pastural landscapes there was a
similar pattern, with more ‘shaded’ verges
(VPC1) but fewer 'overgrown eutrophic’
examples (VPC3).

In the marginal upland landscapes there
was a higher proportion of ‘mown fertile’
verges (VPCT) and 'upland’ verges (VPCB)
which contained species associated with
acid grassland and moorland. These areas
also had the highest proportion of the
‘diverse mesotrophic’ verges (VPCB). The
upland landscapes had a restricted range
of Verge plot classes, as well as fewer
verges overall. Many of them occurred
where roads or tracks ran though
unenclosed land and therefore were similar
to the surrounding vegetation.

Read category

55.11

103

Figure 5.23 shows the relationship between
road category and Verge plot class. In
arable landscapes there was an even
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disiribution between road categories.
‘Mown grassy’ verges (VPC4), ‘'mown
weedy disturbed’ verges (VPCS5) and
‘diverse mesotrophic’ verges (VPC6) were
found more often on main roads, which may
reflect more regular management regimes.
‘Mown infertile’ verges (VPCT) and ‘upland’
verges (VPC8) were more often found on
minor roads and tracks.

5.512 Inpastural landscapes the ‘overgrown
eutrophic’ verges (VPC3) and ‘shaded’
verges (VPCI) were more frequent on
minor roads. The 'diverse mesotrophic’
verges (VPCE) were less common beside
tracks.

585.13 In marginal upland landscapes also, the
'diverse mesotrophic' verges (VPC6) were
less common beside tracks. Upland
landscapes were dominated by 'mown
infertile’ verges (VPCT) and ‘upland’ verges
(VPC8) which are characteristic of less
fertile soils; they also had a limited
represeniation of the more diverse types.

Wide verges

5.6.14 The species most ofien recorded as
addinonal in the second | m plot are shown
in Table 5 22 In the lowland and marginal
upland landscapes these were largely tall

Tabic § 23 Frequency of the species mosi ofen found only 1n
the seccrd 1 m of Verce plois

5515

competitive herbs, like Urtica dioica
(stingqing neitle). Heracleum sphondylium
(hogweed) and Anthnscus sylvestris (cow
parsley), but they also include tall meadow
species, for example Centaurea nigra
(knapweed). The vaned siructure of the
wider verges is important in allowing the
persistence of species unable to 1olerate
regular cutting, and 1 allowing meadow
species to flower. These verges provide an
important seed source for colonisation, as
well as food sources and habitat for
invertebrates, birds and small mammals.

In the upland landscapes the vegetation in
these plots differs in that many of them were
alongside unenclosed roads and therefore
have similar species to the surrounding
upland vegetation.

Verge plots: change between 1978 and 1990

5516

5817

55.18

Arabe % of Pastura: % of
landscapes plois landscapes plots
Uruca dioica 19 Rubus frutcosus 19
Galium apanne 16 Urtica dioica 19
Arrhenatherum elauus 15 Galium apanne 14
Rubus futicosus 12 Arrhenatherum elavus 13
Heracleumn sphondybumn 10 Heracleum sphondylium 11
Anthriscus sylvestris 9 Anthriscus sylvestris 2]
Rumex obtusifolius 9 Cusiumn arvense 7
Holcus lanatus 8 Holcus lanatus 6
Larmuum album 7 Rumex obtustfolius 6
Cirsum arvense 6

Bromus stenlis 6

Centaurca nigra 5

Festuca rubra 5

Marqinal % of Uplard % of
landscapes plots landscapes plets
Urtica dicica 14 Juncus effusus 10
Heracleum sphondylium 13 Rurnex acctosa 10 .
Galbum aparine 11 Blechnum spicant 7
Anthriscus syivestris 9 Urtica dioica 7
Arrhenatherum efatius 9 Galium saxatile 7
Rubus fruticosus 9 Calluna vulgaris 6
Lathyrus pratensis 9 Cerastium fontanum 6
Cerastium fontanum 8 Cirsium vulgare G
Cruciata laevipes 8 Rubus futcosus 6
Veronica chamaedrys 8 Rumex obtustolius 6
Rumex obtusifolius 8

5518

106

Analysis of change for the verge data was
based on 304 paired plots from 167 squares
throughout GB which were recorded in
both 1578 and 1990. Data from these pairs
of plots are used here to consider how
verge vegetation has changed over this
period.

Figure 5 22 shows the changes in the
proportion of plots in the Verge plot ¢classes.
In the arable landscapes, there was an
increase in the 'overgrown grassy' verges
(VPC2) and the 'overgrown eutrophic’
verges (VPC3). and a decrease in the
‘mown weedy disturbed’ verges (VPC5)
and ‘diverse mesctrophic’ (VPC6) verges;
the latter declined by 5%. In the pastural
landscapes the changes were small,
including an increase n the ‘overgrown
grassy’ class (VPC2). Verges in the
marginal upland landscapes showed a
decline 1n the 'mown infertile’ class (VPCT)
and ‘diverse mesotrophic’ class (VPC5).
and an in¢rease n 'shaded’ verges (VPC1)
and 'overgrown eutrophic’ verges (VPC3).
Verges in the uplands were more stable.

Table 5 24 shows the change in species
number for Verge plots in each landscape
type. The only statistically significant
change occurred in plots in the arable
landscape where the mean species number
has declined from 14.5t0 13.2.

Figure 5.24 shows the changes in species
groups between 1978 and 1990. In the
arable landscapes the largest changes were
a loss of ‘base-rich meadow planis’ (5G20),
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Table 5.24 Change in species numbers recorded in paired
plots piaced along vergesin 1978 and 1599, by landszape wype
and GB

Change

Mean Mean nmear SE
Landscape Noof species species - species  of
type p.els no 1578 no 199C ro charge P
Arable 124 145 132 13 071 -
Pastural 111 158 159 00 01
Margnal upland 40 170 172 02 09
Upland 29 195 188 01 14
B kof} 158 152 06 c4

(Significance 1s based on pared 1-test . Probabilty (P) * <C |
*+ <0.01, *** <0 0Q1)

and 'old permanent pasture planis’ (SG23)
- similar to the groups which have
declined in the Main plois (see
5.2.34-5.2.38).
5.5 20 Verges inthe pasiural and marginal
upland landscapes also showed a deciine
in 'old permanent pasture planis’ (5G23),
and an increase in ‘overgrown field
margin plants’ (SG26) and 'field margin
planis’ (SG24). In the uplands, the "old
permanent pasture plams' (SG23) and the
‘base-rich meadow plants’ (§G20) have
declined, along with some of the upland
grass classes (SG6, SGT and SG10). In
some plots, characteristic of more fertile
soils, there has been an increase in
perennial weeds (SG28), while on the
unenclosed land there has been an
increase of ‘dry hillside plants’ (SG9) and
‘upland heath plants' (SG5).

Verge plots: conclusions

5521 Vergesinthe lowlands (arable and
pastural landscapes) were mainly in the
‘overgrown eutrophic’ (VCP3) and
‘diverse mesotrophic’ (VCP6) classes.
These include many species groups which
are less well represented in the
surrounding agricultural fields. The
'diverse mesotrophic’ class (VPCE) is an
important source of plant diversity.

5.5.22 Verges in the marginal upland and upland

landscapes are characterised by more

species-rich upland, mown infertile and
diverse mesotrophic types, which often
have a similar species composition 10 the
adjacent land.

'5.5.23 Wider verges contain more meadow

species and more tall competitive herbs,

which play an important role in providing
habitats and a foed source for a wide
variety of invertebrate and bird species.

5.5.24 inthe lowlands there has been an increase
in plots from ‘overgrown grassy’ verges
(VPCZ2) and 'overgrown eutrophic’ verges
{(VPC2). and a decrease in plots in the
‘diverse mesotrophic’ class (VPC6) There
has been a small but significant loss of
species numbers in Verge plots in arable

landscapes (from 14.5to 13 2 species per

ploi)
5525 Verges are suscepiible to a number of
factors which influence their species
composition. The management of verges
tends to be differen: from that in the
surrounding countryside Verges are also
vunerable 1o disturbance, eg frorm road
works and car parking. It was noticeable in
1990 (being a year of drought in the south
and east) that some verges dried ou
However, the Quality Assurance Exercise
(see Appendix 4). using comparabie data
from 1990 and 1891, showed that there
were only small differences due to annual
variaton.

5.6 Linear features - Streamside

plots

56.1 Vegetation plots were recorded adjacent to
ditches. streams, rivers, and canals (for
convenence referred to here as
streamsides). They were recorded as 10m
x 1 m plots adjacent to the waterside edge
(as defined 1n the Field Handbook (Barr
1990}). In addition, a further linear plot of
the same size was recorded in the aquatic
margin, to pick up species which were
rooted or floating in the water.

562 Ineach ] km square, two plots (which had
previously been recorded in 1978) were
randomly located and three further plois
{new in 1990) were recorded to ensure
different categories of watercourse were
sampled. These categories were river or
canalised river; stream, canal; non-roadside

ditch; and roadside ditch.

Table 5.25 Frequency of Streamside plots recorded along six
watercourse categones in 1990 in the four landscape types

Watercourse category

Landscape Road

type River Siream Canal Ditch diich Other Toial
Arable 78 197 10 298 41 B 630
Pastural 98 376 1 156 19 8 661
Marginal 337 250 0 49 6 2 344
upland

Upland 47 438 1 42 8 1 537
GB 260 1261 15 545 74 1T 2172
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Table 5 26 Classification of Streamside plots into Sireamside plot casses

recorded from 446 squares throughout GB
in 1990. In order to describe this
vegetation, the species daia from all these
plots (plus data from 374 plots previously
recorded in 1978) have been classified
using the multivariate statistical technique,
TWINSPAN. to create 15 ‘Streamside plot
classes’ (SPCs). These are shown in Table
5.26, ordered on the principal grachent, with
short descriptive names which have been
given to aid presentation of the results.

Streamside plots: stock in 1990

565

566

Figure 5.25 shows the distribution of the
different Streamside plot classes recorded
in 1990. in each landscape type. Unlike the
verges, there was no pronounced
separation between the lowlands and
uplands, rather a continuous chstribution of
plot classes across all four landscapes.
although they show different panerms.

In arable landscapes, most of the plots were
in grassy vegetation (SPC6-SPC8), many of
them overgrown (SPCB8); these include
ditches running through arable fields, and
unmanaged vegeiaton beside rivers. Most
of the ‘reed beds' (SPC5) occur in this
landscape type. Compared to other
landscape types, only a small proportion of
plots were in grazed pastures, There were
also a small number occurring within

Strearmside
plot class Name/Descnption Shon name
SPC1 Overgrown eutrophuc grassland w:ih tall herbs and brambles, maily by Ove:grown eutrochic grassiand
lowland ditches
SPC2 Scrub ard shade tolerant heris. speci.es-poor. maily by lowland streams Woodland marqin
SPC3 Woodland on mineral soils, by streams or nvers. lowland Woodland
SPC4 Woodland with heavy shade. on muldly acid soils, by streams, lowlaid/marginal Shaded woodland
SPCS Reed beds. species-poor mainly by rivers, lowland Reed beds
SPC6 Overgrown grassland with perennia weeds, mainly oy ciiches, :n lowland Overgrowr. grass.and
and marginal landscapes
SPC? Lighily grazed grassland with impeded dramage, by sireams and ditches. in Rushy grassland
- lowland and marginat landscapes
SpC8 Grazed improved pasture. mairly by streams. manly lowland landscapes Improved pasiure
SPC9Y Grazed reutralacid pastures, mairly by streams. species-nick. marly Neutral/ac:d pasture
.owland andscapes
SPCI10 Acid marshy pasture, mainly by sireams some lowland. manly Acid marshy pasiure
marginal and upland landscapes. i
SPCI1i Moo:land grass. mainly by streams. species-rich, mainly in upland landscapes Moorland grass
SPCl2 Moo:land shrub heath, by sireams, species-nch. manly in upland landscapes [Dwarf shrub heath
SPCI13 Valley bog, by sireams. some lowland and margina. mamly 11 upland landscapes Valley bog
SPCl4 Peat bog by stredms. maimly in upiand landscapes Peat bog
SPCI5 Saltmarsh. species-poor. in lowlard landscapes Satmarsh
563 Table 5.25 shows Streamside plots woodlands (SPC3, SPC4) or on 'wooedland
recorded in 1950 in terms of landscape type margins’ (SPC2). In the pastural
and watercourse category. landscapes most of the plois were beside
streams or ditches nunning through ‘rushy
564 Atotal of 2172 Streamside plots were grassland’ (SPCT): others were in

woodland (SPC3, SPC4) or on moorland
(SPCI11, SPCI13). Inthe marginal upland
landscapes more of the plots were in
neutral/acid (SPC9) and marshy (SPCT)
paswre. whereas in the uplands most of
the plots were on streams draining bogs
(SPC13, SPC14) or running through
moorland (SPC11, SPC12)

Watercourse category

5671

Figure 5.25 also shows the relationship
between walercourse category and
Streamside plot class. In the arable
landscapes. the ‘reed beds’ plot class
(SPCS) occurs mainly on rivers, whereas
ditches often have the overgrown plot
classes (SPC1, SPC6). Inthe pastuwral
landscape. streamsides contained all of the
plot classes, whilst ditches had more
restricted vegetation confined largely to
grassland types (SPC6, SPCT, SPC8). In
the marginal upland landscapes the same
pattern holds, but a higher proportion of
plois were beside streams. In the upland
landscapes fewer plot classes were
recorded, with the majority of plots beside
streams.

Water plots (second 1 m)

56.8 Table 5.27 shows the species recorded

108

most often in the second 10 m x 1 m plot,
adjacent to the Sireamside ploi (see
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Table § 27 Frequency of the species most often ‘sund enly :n the

second | m of Streamside plots

Arable % of Pastral % of
lardscapes plots landscapes plots
Callitnche spp 'S Apium nodifiorum 15
Lemna spp 14 Calbtnche spp 15
Nasturtium officinale 12 Glycena flutans 14
Veromnica beccabunga 1l Lemna minor 13
Apium nodiflorum 0 Veronica beccabunga 13
Sparganum erectum 10 Nasturuum clicinale 13
Glycena flutans 9  Lemna spp 8
Myosous scorpiodes &  Mentha aquatca )
Phaiais arundinacea b
Spargarsum erectum &
Margiral upland % of Upland % of
landscapes - plois landscapes plots
Calltnche spp. 15 Ranunculus lammula 17
Clyceria flutans 15 Potamogeton sp 10
Potamogeton spp. 3 10 Monta fontana ]
Fonunalis antpyretica 8  Equsctum fhuvatie 8
Juncus bulbosus 7 Cailitnche spp 7
My osous scorpiodes | 7 Juncus aruculatusiacuufiorus 7
Polamogcton polygonifclius 7 Potamogeton polygonufciis 6
Juncus effusus 7 Caltha paiustns 5
Epilobum patustre 5  Veronica beccabunga S
Myaosols laxa 5 Nasturvum officinale 5
Mimulus guttatus 5  Myosous scorproides 5
Apium nodiflorum 3 Juncus bulbosus 5
Polygonum hydropiper 5 Rhynchastegqium npanodes S
Glycena fuwtans )

2.3.11), usually wholly within running water.
In the lowland landscapes they contain
mainly species associated with slow-flowing
water on eutrophic, silted substrata, eg
Lemna spp. (duckweeds) and Sparganium
ercctum (branched burweed). The
marginal upland landscapes have a greater
number and range of species, including
those associated with acidic situatons, eg
Juncus bulbosus (bulbous rush). In the
upland sireams there were more species
associated with stony stream beds, eg
Ranunculus flarmmula (lesser spearwort).

Streamside plots: change between 1978
and 1890

569

5.6.10

Analysis of change for the streamside data
was based on 322 plois from 179 squares
throughout GB, which were recorded in
both 1978 and 1990. Data from these pairs
of plots are summarised in Figure 5.26.

In the arable landscapes there has been an
increase in the 'overgrown grassland'’
(SPC8), and a decrease in the ‘rushy
grassland’ (SPCT) plot classes. In pastural
landscapes the changes were small, but
showed a trend towards the eutrophic plot
classes. In marginal upland landscapes the
small changes involve a loss from the
‘moorland grass' (SPC11) class, with an

111

Table § 28 Change :n species numbers recorded in pared
plots placed along streamsides in 1978 and 1990 w the four

landscape types

Mear Mean Change SE
Landscape Nool species speces mn of
ype plots no 1978 no 1890 species Change P
Arable 84 16.1 146 -15 09
Pastural 103 181 150 -32 09
Marginal upland 50 20.7 195 -1.2 14
Upland 85 239 2017 32 14 =+
Gh 322 185 1709 -2.4 0S5 =

(Significance is based on paired 1-1est. Probabilty (P) * < 0.1.
*=<Q 0l *** <0001

"increase in plots in'the ‘neutral/acid pasture’
(SPC8) and shaded woodland classes
(SPC3. SPC4). In the upland landscapes.
the main change was a decline in ‘dwarf
shrub heath’ (SPC12), with a corresponding
increase in the ‘'moorland grass’ class
(SPC11). The rushy grassland’ (SPCT)
category has decreased in all landscape
types. whereas 'overgrown grass' (SPC6)
has increased, notably in the arabie and
pastural landscapes.

5611

56.12

56.13

Table 5.28 shows the average change in the
species number for each landscape type,
from plots recorded in 1978 and 1990.
Species number has not changed
significantly in the arable and marginal
upland landscapes, although losses were
recorded. However, streamsides in the
pastural and upland landscapes have lost an
average of three species per plot.

Figure 5.27 shows changes in species
‘groups between 1978 and 1990. The
pastural and upland landscapes show a
declne in aimost all groups. the loss in
species number occurring across the
spectrum.

Drying out was unplied by the loss of some
species. eg 'wet meadow plants’ (5G14)
such as Veronica beccabunga (brook weed)
and Nasturtiumn offictnale (water cress), and
‘aquatic plants’ (SG31) such as Rumex
hydrolapathum (water dock); species from
these two groups have declined in all four
landscapes, though more so in the lowlands.
However, the Quality Assurance Exercise

- . (see Appendix 4}, using comparable data

from 1980 and 1991, showed that there

- were only small differences due to annual

56.14

variation.

~'Wet shaded streamside plants’ (SG18). eg

. Veronica montana (wood speedwell) and
Ajuga reptans (bugle), have declined in the
lowlands, as well as ‘damp woodland edge
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plants’ (SG13), eg Valeriana officinalis
(valenian) and Angelica syivestns (angelica)
in the arable and marginal upland
landscapes. The largest losses of any
species group. in any landscape type, were
of the ‘base-rich meadow plants’ (SG20) in
the marginal upland and upland landscapes
and the 'infertile grassland plants’ (3G10)
which have declined in the uplands.

Streamside plots: conclusions

5.6.15

56.16

56.17

5618

5.1

511

572

513

Streamside vegetation plots in the lowlands
were dominated by overgrown grassland
and rushy pastures. In the marginal uplands
they were characterised by a variety of wet
pasture types. whilst in the uplands
mooriand types were present.

The extent of grassland with impeded
drainage decreased in all landscape types.
whilst overgrown grassland increased in the
lowlands.

There was an overall loss in species
numbers in all Streamside plots, especially
in the pastural and upland landscapes.

Streamsides centain a range of species
infrequent in other parts of lowland
landscapes and so hold a substantal
proportion of lowland plant dwersity. The
loss of diversity and the contributory factors
will require further study.

Conclusions and summary of
Chapter 5

In the above discussion, the results have
been analysed for each compenent of the
landscape n tumn. in concluding, it is
important to consider the Bntish
countryside as a whole.

Figures 5.28, 5.29, 5.30 and 5.3 compare,
for each iandscape type. in 1950, the
relative abundance of species groups in the
three linear features (ie verges, streams
and hedges) with that in the Main plots. [n
inlerpreting these diagrams, it should be
remembered that plots in the linear features
were 10 m? whilst the Main plots were 200
mé,

In the two lowland landscape types, there
were more species in the 10 m? linear plots
than in the 200 m? Main plots, for most
species groups. ‘Field margin plants’
(5G24), 'improved permanent pasture
plants’ (5G25) and ‘weeds, mostly

114

574

515

perennial' (SG28) were most frequent in the
verges. 'Wet meadow plants’ (3G14).
‘"damp neutral meadow plants’ (SG21) and
"aquanc ptants’ (SG31) were most abundant
n Streamside plots, whilst the hedges had
more woodland species (SG13, SG16 and
SG26). The ‘base-rich meadow plants’
{5G20). described (above) as being widely
In decline, were most abundant on
streamsides and verges in the arable
landscapes. and in verges and fields (ie
Main plois) in the pastural landscapes.

In margmal upland landscapes, 'infesnile
grassland plants’' (§G10), ‘neutral/acid
grassland plants (8G12). and moorland
plants (SG1 -SG5) were most frequenily
represented in the Main plots and
streamsides. The 'old permanent pasture
plants’ (SG23) and 'base-rnch meadow
plants’ (SG20), along with most of the
grassland groups. were most abundant on
verges, though also widespread elsewhere.
‘Wet meadow plants’ (SG14) and ‘ennched
flush plants’ (SG11) were most commeon
beside streams, whilst 'neutral woodland
plants’ (SG13) and 'dry hillside plams’
(SG9) were most frequently recorded 1n
Hedge plots. Groups associated with
uptand habitais. 1e 'upland streamside
plants’ (8G7) . ‘wet heath plants’ (SG3) and
‘bog plants’ (SG2) were best represented in

- the Main plots and Streamside plots.

In the upland landscapes, vegetation
recorded in the Main plots was more
urwform than in the other landscape types, in
that there were more species in fewer plot
classes Verges contamed the highest
proportion of ‘old permanent pasture plants’
(5G23) and base-rich meadow plants’
(5GZ20), and therefore represent a major
resource of this type. Upland vegetation in
the unenclosed land was well represented
by the Main plots. Verges are importani for
their variety of 'infentile grassland planis’
(8G10). and the streamside vegetation also
contains a hugh proportion of species in
these categories. Overall, the linear
features were shown 1o be imponant in all
four landscapes, in terms of their
contribution to the diversity of plant species.
This was least obvious in upland
landscapes, where hedges were absent
and there were fewer verges than
elsewhere in the country. Verges, and
especially sireamsides, were less
distinctive in their species composition in
the uplands than in other landscapes, since
they are mainly contiquous with the
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surrounding open moorland and grassland;
however, they still make a major
contribution to the overall diversity.

In the marginal upland and lowland
landscapes the contribution of hedges,
verges and streams {0 botamcal diversity
was more apparent. The hedges contain
many woodland and shrub species, and,
together with the verges. provide a refuge
for many meadow and pasture species.

The streamsides also contain grassland
species which require damp conditions and
that are absent elsewhere in the
countrys:de. The significance of linear
features was rmost obwvious in the arable
landscapes where the fields were generally
species-poor, and most of the remaining
diversity of native plant species oceurs in
the restricied areas which were covered by
the Habitat plots.

The extent and types of change affecung the
areal habitats and linear features have been
discussed earher, and i is useful at this
point to draw these iogether o provide a
summary of the overall impact on the wider
countryside.

in the arable landscapes, the arable fields
have lost diversity from an already low
base. The hedge-bottom flora was
increasingly becoming dominated by
species associated with cultivated land.
Both verges and streamsides show
increases in vigorous species as opposed to
a decline in more sensitive meadow
species. Streamsides have lost species
overall, especially those associated with
aquatic margins, wet meadows and moist
woodland The woodland and semi-
rmproved grassland plot classes show liitle
change.

In the pastural landscapes. the semi-
improved grassland shows a significant
decline in spec:es. especially those typical
of unimproved mesotrophic meadows. The
latter have also declined in the hedge
bottoms, verges and streamsides. The
verges have become more overgrown and
show an increase n coarse grasses as well
as specles assoclated with disturbance.
The streamsides also have fewer species
indicative of aquatic margins and wet
meadows. Woodland shows a decline in
species number and evidence of
disturbance. with a trend towards a more
grassy ground flora. The loss of meadow
specles, which were once an imporiant
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component of the pastural landscapes, has
funher reduced an already depleted
resource. This landscape type has the
highest degree of change, i part because
of the extent of the changes themselves, and
In pant because of the range of types
present.

[n the marginal upland landscapes. the
results show an interchange between the
grassland types. The hedge bottoms have
more species associated with improved
grassland, and fewer woodland species.
The woods themselves show a loss in
species number which has affected most
species groups. Some semi-improved
fields show a small Increase in species
number and a trend towards increasing
abundance of species associated with
unimproved and infertile soils. These
species have also increased in the upland
grass mosaics, which otherwise were
relatively stable. There was a decline in
wet meadow species from the sireamsides,
which have also lost some species
associated with cnimproved and infertile
sols. The verges include more plot classes
characteristic of overgrown and shaded
conditions, as was the case in the lowland
landscapes. with fewer meadow species
and more coarse grasses. Moorland shows
an increase in species, parhcularly those
from grassland species groups, at the
expense of heathland groups. This agrees
with the widely held view that these
marginal upland areas are particularly
sensitive 10 change and may be associated
with the mixture of upland and lowland
nypes of vegetation in close proximity.

in the upland landscapes, woodland has
lost species from most groups. The upland
grass mosaics have also lost diversity
overall. whereas moorland shows a small
increase in diversity, especially in species
associated with flushes. Overall, there was
a limied range of plot classes in the
uplands, but these contain a large number
of individual species. The changes,
therefore, were relatively small in
comparison with this tctal resource.
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Chapter 6 THE RESULTS (IV): FRESHWATER STUDIES

6.1 Introduction 121

6.2 CS1990 field survey 121

6.3 Related surveys and data bases 126

6.4 Summary of Chapter 6 126

6.1 Introduction Table 6.1 The rumber (and proporaon) of 1 kan squares surveyed.

sampled. dry or urswutable in cach of the four .arndscape types

6.1.1 The 1990 survey was the firsi of the three Land- Dry Unsutanle
countryside surveys (1978, 1984 and 1990) 10 scape Sur- or un-
incorporate the stiudy of running-water ype veyed Sampled Nostreams Dry streams available
maqrg-invenebrate assemblages. Change Arable 162 8] (50%) 37 (23%) 3T (23%) 7 (4%)
statisiics of the type given elsewhere in this Pastural 158 10 (70%) 18(11%)  23(15%) 1 (49%)
report are therefore not yet available for Marginal 77 66 (86%) 7 (9%) 3 (%) 1 (1%)

pland
freshw?z;:ssembla%es. Ehe ??la N Upiand 111 104 (94%) 2 (2%) 3 (3%) 2 (2%)
presented here provide a baseline agains c8 508 361 (T1%) 54(13%) 66(13%) 17 (3%)
which future change can be assessed.

6.12 Sites sampled in Countryside Survey 1590 squares in the arable landscapes, all ‘
(CS1990) sites were mainly on small streams. walercourses present were .dry at the time of
as described in Chapter 2. In order to make survey: these were predominantly lowland
between-landscape comparisons of macro- squares in south-east England. the east
Invertebrate assemblages in larger M:dla;d.s and East Angha. and often
watercourses, analyses of other appropriate associated with chalk solls. In the pastural
Institute of Freshwater Ecology (IFE) and landscapes the highest proporiton of dry
water industry data sets need to be squares of this kind were in the south. the
undertaken This 1$ 10 be the subjeci of a Midiands, and coastal areas.
separate thematic repor: (Furse et al in .
prep.). 623 A comparison between squares sampled 1n

6.2 (CS51990 field survey
Sampling sites

621 Eachofthe 508 ] ki squares were surveyed
for possible freshwater sampling sites. Of
ithese, only 361 squares had a swtabie
running watercourse which was sampled for
aquatic macro-inventebrates. Ofthe
remaining squares, 64 had no watercourses
marked on OGS 1:10 000 maps or any
apparent in the square during survey. A
further 66 sites had marked channels which
were found to be dry when surveyed [n 15
squares the only rvers or canals present
were riot eligible for sampling (see 2.5.3) and
no samples were available for the two
remaining squares.

6.2.2 The greatest number and proportion of dry
squares were in the arable landscapes
(Table 6.1), whereas there were very few
such squares n either the marginal upland or
upland landscapes. 'In a lugh proportion of
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the 1988 pilot study. and those surveyed for
sampling 1n 1990 prowides further information
on intermittently dry squares (Table 6.2).
Overall, 9% of the 156 squares sampled in
1988 were dry in 1990. A large majority of
these dried squares were In the east
Midlands and Easi Angha.

Environmental characteristics
6.24 The environmental characteristics of streams
in the four landscapes, and their dominant

riparian vegetation and adjacent land use are
compared in Tables 6.3 and 6.4. Channel

Tatle € 2 The numbers of squares 1 each landscape type which
were sampled in 1988 and surveyed in 19S0. together wath the
nurmber (and properuor) which had Cowing watercourses in
1688 (we) bui none in 1980 (dry)

Landscape Squares visitec 1 Squares wel in ;588
wpe 1988 and 1980 bui dryin 1990
Arable 42 8(19%)
Pastural 33 4(8%:
Margnal upiand 25 2(8%)
Uplard 36 0(0%%)

GB 156 14(9%)




Table § 3 A companson of the means and standard errors (SE) of ervirormental characiensucs of waercourses i each landscape ype

Aracle Pastural Margiral upland Upiand

Variable Mean SE Mean SE Mean SE Mean SE
Stream wadth (m) 20 02 18 0.2 16 02 15 0.1
Stream depth (ctn) 248 27 2186 23 156 14 186 13
Curren: velociiy (imvs) 1.5 0.1 1.7 0.1 22 0. 23 01
Rock pavement (%) 05 0s 1 05 67 2.3 48 15
Boulders and cobbles{%a) 98 27 210 27 398 40 3g 7 32
Pebbles and grave! (%) 217 31 259 28 339 34 324 25
Sand (%) 1.5 20 99 15 7.1 ] 00 27
Silt and clay (%) ST1.1 45 422 38 19.3 39 179 30
Aquatic vegeianon cover (%) 289 42 1563 27 B4 34 126 24
Alntude (m) 59.2 63 186 58 2123 138 2526 185
Dnscharge category 11 0.1 12 0.1 11 01 12 01
Dhstance from source (kn) 34 05 35 06 2.1 03 15 02
Slope (m/km) 174 44 260 32 875 107 98 6 101

management practices, visible pollution and 6.2.6 The watercourses sampled in each

the presence of bridges. weirs and other landscape type had similar mean discharges

influences are also compared (Table 6.5). {Table 6.3). reflecting the generally small

size of each of them.

625 Although watercourses in the study sites

were generally small, there was a high 6.2.7 The apparent tendency for arable and

level of variability in the in-stream and pastural sites to be deeper, wider and

riparian characleristics, within each further from the source than the other two

landscape type. This is partially because all landscapes is because second- and third-

forms of runming watercourses were order streams are generally larger in the

considered together, including streams, stream systems of the more lowland

canals and drams, partially because of the landscapes. Higher-order streams were

inherent variability of these characiers preferentially selected in each square (see

along a watercourse channel, and partially section 2.5.5)

because of the intrinsic differences between

the component Land Classes of each of the 628 A distinct altitudinal gradient of the

Table 5.4 A companscn of the means and siardard errors (SE) of domunant barkside characierisucs of walercourses in landscape types

four major landscape types. Asa
consequence, standard errors of the mean
value of each variable in each landscape are
high in relation to the means.

sampling sites existed from the upland
landscape (253 m) down through marginal
upland (212) and pastural (79) to arable (59).
There were concomitant decreases in slope,

Arable Pastural Margnal upland Upland

Vanable Mean SE Mecan SE Mean SE Mean SE
Ripanan vegetation

Bank stability' 028 oor 0.51] 008 0.50 0.09 023 006
Trees? 051 008 087 008 0586 0.11 024 006
Bushes? 0.41 008 0.34 0.086 0la 003 013 0.05
Reeds and rushes? 033 0.08 0.47 007 038 0.08 0.43 008
Low plants? 149 0.09 119 008 1.56 0.09 1 48 008
Cther vegetanon? 003 002 0.02 0.02 003 002 003 002
Shadmg? 1.57 017 I.76 015 1.30 020 080 0.13
Adjacent land cover

Urban land*?® 0.10 0.04 0.10 0.04 0.00 - 001 0.0l
Arable* 0.53 0.0% 053 006 028 0.06 012 0.02
Pastural* 0.94 0.10 1.09 009 091 0.12 0s2 0.0%
Mocrland* 017 0.06 0.17 0.05 0.62 on | 24 0.09
Broadleal woodland* 0.42 0.08 044 0.07 029 0.08 on 0.04
Coniferous woodiand* 0.06 0.04 006 0.03 0.18 007 021 0.06

NB For barkside vanables, figures are the mean number of banks per site al which a vegetation type or land cover predomnates
'Bank siability is expressed as the mean number of banks per site which are considered to be eroding

‘Banks:de vegetanon (eq trees, bushes, etc) refers (o the dormunant one or wo vegetation types in a 10 m corndor landward from the
water's edge
Shading values vary from 0. no shading . io 4. heavy shading from both banks

*Adjacent land cover {eg wban, arable, etc) refers 1o the dorminani one or two uses in a zone beiween 10 and 30 m to the landward
of the water's edge. Each bank of the watercourse was recorded separately

*Urban land includes land which is noi covered by agriculiure or natural and sermi-natural vegetation. It includes domestic, indusmai
and agricultural housing and associated curtilages. roads and vehicular tracks and recreanonal arcas
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6.2.9

6.2.10

6211

6212

velocity and substratum cover of rock
pavement and boulders and cobbles.
These were accompanied by parallel
increases in cover of st and clay and
agquanc vegetation moving from upland to
arable landscapes.

Sampling sites in arable and pastural
landscapes were differentiated from those in
marginal upland and upland landscapes by
their higher degree of shading: this was due
to the comparatively high frequency of
bankside trees, in pastural landscapes.

and bushes (large shrubs, eqg hazel) in
arable landscapes (Table 6.4)

Where trees were the cover category
recorded in land adjacent 10 arable and
pastural sites, approximately 90% were
broadleaf rather than coniferous. In
margnal upland landscapes ttus higure fell to
just over 60% and in upland sites the
dominance was reversed, with about 60% of
all records bewng coniferous (Table 6.4).

Upland landscape sites have the most open
bankside vegelalion on average. In
proportional terms, 64% of all upland
bankside vegetation records are relatively
low-growing plants (grasses and dwarf{
shrubs, eg heather), compared with 58%
margnal upland. 54% arable and just 41% n
the pastural Jandscape. Conversely,
pastural sites are the most likely to have tall,
closed bankside vegetation.

Sites in arable and pastural landscapes are
equally likely to be bordered by urban land
{including gardens) but in absclute terms
only 5% of site banks in each landscape had
dominant urban land in their corridor. Urban
land was almost 1otally absent adjacent to
marginal upland and upland sites.

6.2.13

6.2.14

6.2.15

6.2.16

6.2.17

In terms of adjacent land cover, both arable
and pastural landscape slies were very
similar in the frequencies of occurrence of
arable and pastural land and of moorland.
This demonstrates the mmherent variation in
the four landscape types (see 1.3.7).

The frequency of arable land alongside
margnal upland sites was half that of sites in
arable and pastural landscapes but adjacent
pasture was only slighily less common.
However, the characier of pasture in
marginal upland landscapes is likely to be
very different io that bordering lowland
siles. The frequencies of adjacent arable
and pasiural land in the upland landscapes
were each approximately half those of
marginal upland sites but moorland was
twice as frequent.

Arable stream sites were far more prone to
channel management than any of the other
landscape types (Table 6.5). This applied 1o
bank manmtenance, weed-cutting, channel
straightening and dredging. The incidence
of bridges and weirs within 25 m of the
sampling site was also highest in arable
landscapes.

Although standard error terms are high,
records of visible evidence of weed cuts
were almost exclusively confined to arable
sites, whilst the percentage frequencies of
dredging (P<0.01), bankside maintenance
(P<0.05) and channel straightening (P<0.01)
were all sigruficantly greater at arable than
non-arable sites. (The statistical test applied
was Siudent's t-1est with unequal variance )
Indications of chemical pollution, however,
were most commonly noted at pastural sites.

Marginal upland and upland sites were both
less prone 1o the human influences under
consideration than either of the other two

Tabie 6.5 A companson of the means and standard errors (SE) of the percentage frequencies of occurrence of stream maintenange.
perceved pellwtion and humar. ariefacts at watercourses i each landscape type

Arable Pasiural Marginal upland Upland

Percentage of siies with: Mean SE Mean SE Mean SZ Mean SE
Weed cuitng 49 24 0o - 13 15 00

Dredging 123 31 g2 26 46 2.6 0.0 -
Bankside mairtenance 9.9 33 08 09 46 26 1.0 10
Channel siraighterung 17.3 4.2 73 25 46 26 39 19
Chemical pollunor* 86 31 136 33 61 30 1.0 10
Physical pollunoxn' 25 1.7 46 20 00 - 0o -
Bndge within 25:m 173 42 121 32 91 35 48 21
Weir within 25 m 62 27 21 1.6 1.5 15 00

Other influences 173 12 155 35 167 46 11 26

NB For binary, presence/absence vanables such as the presence of bnidges or visible organic signs of pollution the proporhors of
sites with pos:uve cbservations hive been used
'Pollunon refers to in-streamn condinons and includes visible or olfaciory evidence of degradation of water or environimenial Guality
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landscape types. with upland sites especially
free of maintenance activities, bridges and
weirs.

Freshwater environmental quality

6.2.18

6.2.19

6.2.20

6.2.21

6.2.22

The RIVPACS methodology (see Chapter 2)
was used 1o assess the environmemal quality
of sites, as indicated by their macro-
inveriebrate assemblages.

In general terms, the higher the total or
average score attained by a site the greater
its environmental quality is assessed to be
(but see 6.2.23) RIVPACS uses a system of
prediciion by analogy to forecast target
Biological Monitoring Working Party
(BMWP) scores and Average Score Per
Taxon (ASPT)} of sites, based on their
measured environmental charactenstics.

The means of the observed and RIVPACS-
predicted BMWP scores, number of scoring
laxa and ASPT for sites in each landscape
type are shown in Table 6.6 and in Figure
6.1.

Mean predicted BMWP index values are
consistently huigher than those cbserved in
the samples collected. This is stmply
because mean predictions are based upon
the idealised fauna in the absence of
poliution, whereas the mean observed
values are derived from both clean and
polluted sites. Mean observed scores are a
reflectiion of the average degree to which
the component sites are polluted, or
otherwise stressed.

The most marked difference between
landscape types was in ASPT, which tended
to increase from sites in arable landscapes,

6.2.23

6.2.24

62.25

6.2.26

through pastural and marginal upland to
upland. This shift was more marked in
observed than predicted values and
indicated a possible environmental quality
gradient, increasing in the direction of the
upland landscapes.

The values given in Table 6.6 can be used as
a basis for monitoring future change.
However, because of their underlying
environmental characieristics, sites differ in
the actual scere they can attain, even when
unpolluied. This 1s shown by the between-
landscape predicted values in the Table.
This critical factor needs to be taken into
account when making spaital comparisons
between sites in different landscapes.

Comparisons were also made between the
Environmental Quality Index (EQI} values for
sites in each landscape type (Table 6.6).
There 1s little difference between landscapes
in their EQI values for BMWP score and
number of scoring taxa. However, the
biological quality of the watercourses 1s best
indicated by thewr EQIs for the ASPT (Wright
et al. 1988). Here the gradient of improved
quality from arable to uptand, suggested in
section 6.2 22, 1s confirmed by a pattern of
increasing EQI values for each landscape
ype.

All 339 sites in C51990. for which RIVPACS
is operative (see 2.5.20), were assigned to
an ASPT quality band using the methodology
described in Chapter 2. The distnibunon of
sites in four quality bands is shown in Table
617

Overall, 71% of the sites were assigned to
the highest quality band, band A, which
comprises sues sufficiently close to their

Table 6.6 A comparison of the means and siandard errors (SE) of nver quality charactenstics of watercourses in each landscape ype

Arabte Pastural Marginal upland Upland
Variable Mean SE Mean SE Mean SE Mean SE
Observed BMWP score 60 S 36 719 4.1 683 51 61.3 31
Observed number of taxal 33 06 14.0 06 118 07 104 04
Observed ASPT 42 0.1 48 01 55 02 5.1 Q.1
Predicied BMWP score 954 1.0 1040 18 110.2 26 96.7 09
Predicied number of taxa 185 03 19.1 02 182 04 162 0.1
Predicted ASPFT 51 0.l 54 01 6.0 + 6.0 +
EQI BMWP score 0.64 0.04 068 0.04 062 0.05 0863 003
EQI number of taxa 072 0.03 013 0.03 0.65 004 064 003
EQI ASPT 084 0.02 0.88 0.02 0.91 003 0.96 002

NB The raiio of the observed score or ASPT of a sample collected from a siie and that precicted for it by REVPACS is iermed the
Environmenial Quality Index (EQI) and is an expression of the extent 1o which the fauna of a sit¢ matches that to be expected in the
absence of environmenial stress, (Wright et 2/ 1988). A perfect maich provides an Q1 of I, whilst a site without taxa will have an
EQl of zero. Using ihis procedure sites of enturely different environmental character. in differemt parts of the country. may be
compared on a common basis (NB + = <0.05)
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Table 6§ 7. The percentage frequency of sites in each ASPT
quality band

Quality band % frequency of siies
A -"good’ quabty Tl
B - fair* qaliy 18
C - 'poor’ quauty 9

D - ‘very poor’ quality 4

predicted biotic index values to be
considered unpoliuted and therefore of
‘good’ environmental quality.
6.2.27 The lowest frequency of band A sites (60%)
-and highest frequencies of bands C (10%)
and D (6%) were in the arable landscapes
(Figure 6.1}. Sites in the pastural landscapes
were of slightly betier quality but there was
a more marked mmprovemeni in average
qualty in marginal upland landscapes, and
an even greater improvement in the
uptands. In the latter case, 88% of sites were
band A and only 2% and 3% bands C and D
respectively.
6.2.28 The index values of sites and the bands
derived from them may be used, together
with the individual taxa present. as a basis
for determining future change in the
environmental quality of sites in the different
Land Classes.

The fauna

6.2.29 Atotal of 479 distinct taxa were found in at
least one of the 361 sites. Of these taxa, 338
were found in the 81 sites of the arable
landscapes. 361 in the 110 sites of pastural
landscapes, 246 in the 66 sites in marginal
upland landscapes, and 228 in the 104
upland landscapes.

6.2.30 Overall frequencies of occurrence of

individual taxa act as a baseline for

comparison with future surveys, whilst
breakdown by quality class provides an
insight into the types of taxa which may
increase or decrease i frequency as
watercourse quality improves or declines.

Table 6.8 The mean number and standard ertor of taxa present
in watercourses in each landscape type Compansons are made
for each biological quality band and for all bands combined

Marginal
Arable Pasture upland Uptand
Site type Mean SE Mean SE Mean SE Mean SE
BandAsites 289 16 275 13 229 18 163 09
BandBsites 209 192 29 19 195 30 122 15
BandCsites 164 31 111 19 138 26 102 26
Band D sites 64 25 28 09 00 - 23 09
All sies 241 13 243 11 205 14 152 08
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6.2.32

6.233

6.3

6.3.1

632

633

6.4

6.4.1

The mean numbers of 1axa per sample in
arable (24.1) and pastural (24.3) landscapes
were similar and higher than for marginal
upland (20.5) or upland (15.2) landscapes. A
more detailed analysis is given in Table 6.8.

When the complicating effects of differential
rates of pollution 1n the different landscapes
are removed, by considering only B and A
sites, the number of taxa in samples from
arable landscapes (28 9) 1s higher than the
other three landscape types. As expectled,
numbers of taxa per sample decrease with
decreasing quality band n each landscape
type

More information on the distribution of
individual taxa wathin and between landscape
types is provided in the Countryside
Information System (CIS).

Related surveys and data bases

For reasons oullined in Chapter 2, CS1990
sampling was confined to generally small |
watercourses. Rivers greater than third-
order and large canals were excluded. Fora
more comprehensive analysis of the
distribution of aquatic macro-invertebrates in
relation to landscape type, it is necessary 10
draw on equivalent data from other sources.

The extensive IFE data base contains
information on over 2500 samples from
approxumately 1200 sites. These include the
samples collected during both the 1988
feasibility survey and C51590. Sites in these
surveys were sampled only once between
late May and November of the respective
year. Most of the other sites in the IFE data
base were sampled on three distinct
occasions during a single calendar year
between 1978 and 1991.

Further analyses, and consideration of the
relationship between data from CS$1990 and
those from other complementary sources are
to be the subject of a separate report.
Analyses of the results of the 1990 River
Quabty Survey will also be included.

Summary of Chapter 6

All 508 squares surveyed in 1990 were
considered for sampling for running-water
macro-invertebrate assemblages. A total of
361 squares had suttable watercourses and a
single pond-net sample was taken from each
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6.4.4

645

646

647

of these squares. Most walercourses
sampled were small channels within 2 km of
their source

Analyses were undertaken and resulis are
presented at the landscape level. The
numbers of samples from each landscape
varied between 66 (marginal upland) and
110 (pastural).

Squares lacikang flowing watercourses were
divided into two types, those without running
water channels and those in which all
channels were dry. Comparison between
squares sampled for aquatic macro-
invertebrates in 1968 and re-surveyed in
1950 showed that an average of 8% of
squares with flowing water in 1588 were dry
in 1990. In all cases, the rate of drying-up
was highest in the arable landscape and
lowes! in the upland landscapes.

Enwvironmental characteristics of sites in each
landscape type were compared. A
decreasang alttudina: gradient existed from
upland landscapes. through marginal upland
and pastural, to arable. Slope, velocity and
coarseness of subsiratum decreased along
the same gradient, whist degree of sil'ation
and aquatic macrophy:e cover increased.

Sttes in the arable and pastural landscapes
were more shadec and had more frequent
adjacent urban land than marginal upland or
upland sites. Bankside trees and woods
were primarily broadleaf in the 'owland
landscapes. Uplard sites were more open,
on average, than :hose 11 the marginal
upland landscapes. with twice as many
records of adjacent moorland. Conferous
woodland was twice as common alongside
upland sites as beside sites in the marginal
uplands where broadleaf predominated

Siies n arable andscapes included more
examples of bank mamntenance, weed-
cutting. channel straightening, dredging and
the presence of bridges and weirs than
those n any other landscapes. Indicatons of
pollution were most frequently roted in
pastural landscapes Marainal upland and.
especially, upland sites were least prone to
human influences of the type being
recorded.

On average. the poorest environmen:al
quality (determined usirg the IFE RIVPACS
system) was recorded al sites i arap.e
landscapes, with successive improvemernts
through pastural and marginal upland to
upland sites. Overall, 71% of sites were
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assigned to the highest-quality band A
{'good’ quality), 18% to band B (fair’). 3% 10
band C ('‘poor’). and band [ ('very poor’).

Atotal of 479 distinct taxa (mainly at species
level) were found in at least one of the sies.

~ The total numbers found in arable and

6.4.9

6410

pastural landscape siles were each
approximately 50% higher than the total
numbers found at marginal upland and at
upland sites.

When unpolluted sites only were compared,
the mean number of taxa per site was
highest at arable sites, closely followed by
those in the pastural lardscape. Mean
numbers per site showed a marked
decrease between pastural and marginal
upland sites, and again between margnal
upland and upland sites.

The: data given in the present report act as a
baseline against which future change may
be measured. More detailed analysis of the
results of C51990, and other complemenary
data sets, will be included in a separate
report. Appropriate data will also be
included in the CIS.
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Chapter 7 THE RESULTS (V): SOIL SURVEYS

71
T2
7.3
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Introduction

Characterisation of the landscape types
CS1990 field surveys

Summary of Chapter 7

129
129
130
130

1.1

711

112

1.2

Introduction

During Courryside Survey 1690 (CS1590).
improved soil data was citained both from
existing data bases held by the Soil Survey
and Land Research Centre (SSLRC} and tke
Macaulay Lard Use Research instirute
(MLUR.) and from detailed soi surveys of
each of the 508 | km sampie squares. The
add:uonal soi! data was sought so that the [TE
Land Classes could be more fully
charactensed and to facilitare modelling
studies wh:ch required soils data as one of the
Input parameters.

The soil data col.ected as part of the 1978
survey were used to detenmine the
distributicn of soi's in the Land Classes and
have been used in a number of subsequent
studies based or. the ITE Land Classificatior:.
However, it was always ntended that
improved data would ke iinked to the
Classification as and when it became
avalilable.

Characterisation of the landscape

types

Data from soil survey maps

721
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Aralysis of the data sets shows clear vanation
in the most common soils between Lard
Classes and between the landscape types
Thus, the arable landscape 1s dominated by
brown soils and surface water gleys. with
brown soils occurring in 38% of the squares
and surface water gleys in 26% of the squares
{Table 7.1}. Vanations in soll characteristics
within the landscape types are given in the
Countryside Information System (CIS).

There are, however, mteresting variations
within the arable landscapes; thus, calcareous
soil subgroups are particularly common 1n
southern central England, the east Midlands
and the southern Pennines. The eastern
lowlands of Scotland are also d:stinciive, with
podzols occurring in about 20% of the
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squares in this reqion. In 38% of the squares
arourd the Wash. bordering the east
Midlands. (greundwater) gleys occur and the
solls are formed mn marine clays.

1.2 3 Lixethe arab.e landscapes, the pastural
landscapes are dominated by brown soils
and surface water gleys; brown soils occur in
43% of the | kan squares and surface water
gleys in 33%. Again. there are 1uteresting
variations within the landscapes. Thus, the
south-west of England includes podzols in
19%: of the | km squares and land in the
coastal areas of England has gleys in 14%: of
the squares.

7.24 Compared tothe arable and pastural
landscapes, the marginal upland landscapes
have a much smaller proportion of squares in
which brown soils occur; from ¢ 40% 1n the
lowland landscapes to 27% 1n the marginal
uplands. Surface water gleys are still
widespread, occurring :n 33% of the squares,
but 57% of these gleys are stagnohumic
gleys (peaty gleys) compared with ¢ 8% 1n
the lowland landscapes (Table 7.2) There is
also a sharp increase in podzolic sois and
peats from the lowland landscapes to the
marginal uplands. In much of Wales and
north-west England there are interesiing
combinations of brown sous. peats and
stagnopodzols, reflecting the marginal status
of these areas between the lowlands and
uplands. The marginal uplands are,
herefore, dominated by podzolic souls,

Table 71 Percertsge ccourtence ¢f ma:or soxn groups :nthe
{our landscape types

Marg:nal
Arable  Pastural  upland  Upland
Scil group % kS %o %o
Terrestnal raw sois - - <] <l
Raw gley souls <l <] <. <l
Lthornorphuc soils 1C 2 3 2
Pelcsols 8 3 <1 -
Brown so1s 38 43 19 T
Podzouc sols & 3 a7 31
Surlace water gley sais 26 13 a5 24
Croundwater gleys 9 5 <. <]
Man-made soils < <l <l <]
Peat scils 2 2 4 28




Table 72 Peicemage of surface waler gleys which are
stagnohuinic gieys (peaty gleys) 11 the four landscape types

Lardscape type %a
Arable g
Pastural 7
Mérg:nal upland 57
Upland 64
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{peaty) surface water gleys, with peats also
common.

The upland landscapes are dominated by
acid solls: peats. {peaty) surface water gleys
and podzolic soils. The podzolc sols are
predominantly {63%) stagnopodzols (peaty
podzols) (Table 7.3). There are, however,
interesting vartations within the upland
landscapes; thus, ironpan stagnopodzols and
podzels are common in the inland areas in
the north and wes!t of Scotland. and northern
Englard, while peais and stagrohuruic gley
soils are more common in the more low-lying
coas:al fringes and islands of Scotland.

Comparison of data from the 1978 survey and
from soil maps

7.2.6 Itisrotl possible to carry out a igorous

1.3

731

Table 7

comparison of these two data sets for a
number of reasons. First. the 1978 soil data
were collected and analysed on the basis of
the initial ITE Land Classification (see
Appendix 1), while the map data provided by
SSLRC and MLURI, and derived from the
1:250 0G0 scale maps. have been analysed in
terms of the revised Land Classificanon. The
soll data collected 1n 1978 was also grouped
on the basis of broad soil classes, essentally
at the soil group level but that supplied by
SSLRC and MLURI is based on soil subgroups
and the more recent soll classiiication of
Avery (1980). A broad comparisorn of the
two soll data sets has been carried out and
shows a broad similariiy in the patterns of
solls groups in each Land Class and
landscape type.

CS1990 field surveys

The maps from the detailed feld surveys of
each of the 508 squares (undertaken by

3 Percentages of different types of podzolc soils

occurnng n the four landscape iypes

Marginal
Arable Paswneral upland Upland
Soil type k) % % %
Podzoels and gley pedzols 9l 29 23 35
Rrown podzolic sals 3 62 42 2
Stagnopodzols 6 9 35 63
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74.1
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T4.4
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SSLRC and MLURI - see Chapter 2) are
being used in two ways.

1 In order io further improve the
descriptions of the Land Classes and
landscape types. the proportions of soils
of different types are being calculated.

1. As a basis for ecological studies of the
relationships between soils and
vegetaiion. the solls data are being
lumited to other recorded attiributes using
Geographical Informaticn Systems.

Summary of Chapter 7

Scl data derived from the data bases of
SSLRC and MLURI, and based prumariy on
the 1:250 000 nateral soll maps, have been
used to determire the dominax: sols in each
| km square in GB ard in the landscape
types used as a framework for this report. In
addition, detailed soil maps were produced
by field survey cf each of the 508 1 kan
sqJaares.

Brown sous and surface water gleys
dominate the arable and pasiural landscapes
The marginal upland landscapes contain a
smaller proportion of brown soils but a larger
proportion of podzolic soils than the lowland
landscapes: surface waer gleys are still
important but are dominated by types which
have a peaty surface. The upland landscapes
are dominated by peaty surface water gleys
peats and podzolic sous, with peaty surfaced
podzols being widespread.

The similarities in the proportions of sous
within the landscape types broadly agrees
with the grouping of Land Classes used to
derive the landscape types (see Chapter 1)
More detailed examination of the data shows
clear vanations n the proportions of different
soils between Land Classes and these are
available through use of the CIS.

The data from the detailed soil maps and
from the existing SSLRC and MLURI data
bases show similar proportions of the major
soil groups in the Land Classes and
landscapes types

The combined soil data provide a greatly
improved characterisaton of the landscape
in terms of sois and the data now available
provide a sound basis for modeling
exercises which require soi data.
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8.1

Main conclusions

Methods

811

Courtryside Survey 1990 {CS199() has
been the firs: fully integraied survey of the
countryside of Great Britain (GB)
incorperating the dezaii of field survey with
the synoptic coverage of satellite unagery.
In this respect it is innovative and unique.
It provides a snapsho: view of a wide
range cf information at one point in time
and sets a new baseline against which
future changes in land cover. vegetation,
sols and freshwater biota may be
assessec.

Much of the effort to date nas been
concerned with the collection vahdation
and sumrmation of ind:vidual data sets.
However, ways in which information from
these differen: sources can be integrated.
1o qive enhanced information and
ur.derstanding of the courtryside, have
been demonstraied. Examples inciude she
prediction of different types of woodland
and grassland using a combination cf the
census nformation from satellue data, with
the probabilistic but more detaled data
from field survey (see section 3.7).
Surularly, another project has used land
cover, vegetation plot data and soils
information 10 examine the vegetat:on
types which were likely 10 be most
aflected by afforestation of moorlands
{(Pietx 1992).

Land cover map from satellite data

813

CS1980 has included the use of sateliie
data o qive the first complete land cover
map of GB since the 1350s. Data at 25 m
pixel resclution are held in machine-
readable form. for each of the ¢ 240 000
1 km squares in GB  These data have
been aggregaled at three different levels
for reporting purposes, but individual
users may require the classes (and even
sub-classes) to be aggregated in different
ways for differen: parposes.
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The 17 key satellite land cover types can be
combined with detaled ecological
information on individual species. obtained
from field survey. thus utilising the strengths
of both appreaches.

Field survey of land cover and vegetation

B1S

The field survey infcrmation, collected from
only a very small sample of | kan squares
(0.2% of GB). produced estimnates of land
cover which were close to those derived
from satellite imagery. This 15 due to the
efficiert dispersal of samples through use of
the ITE Land Classifcation system. Reasons
for any differences between the two
esumates ranged from the nherent
statistical error associated with using a
sample. to the inability of each survey
approach to record certain features
cor.sistently. For example, the satellite
interpretation cannot distinguish between
moorland and newly planted forest; the fie'd
survey cannol record accurate boundaries
between semi-natural vegetauon types..

One of the more precise aspects of CS1920
has been the recording of plant species
data from plots. Statistics on: change in plant
species. within plots. have been collated for
the first time at the national level Although
the data summarised and presented here
are from ¢ 1280 plots which were recorded
in both 1978 and 1990, cne of the major
achievements of C5.990 was to record and
permanently mark a total of ¢ 1 1 500 plots.
This has formed a very valuable and
detailed baseline for monitoring the more
subtle changes that may take place in future
years. ’

Other data collected as part of C51990

8.7

The collection, identification and
decumentation of freshwater biota from the
C51990 squares provide an extremely
useful addition to the Institute of Freshwater
Ecology's national data base. as well as
forming an imponan: scienufic resource 1n
1:s own right



Similarly, the cetalled mapping of soil data
in the CS1990 field squares 1s an important
addition to the data base, he.ping to build a
better understanding of the sample sites,
particularly in relation to charges in plant
species and as a basis for agricultural
mocelling.

Uses of C51980 data
8:1.9 The importance of the full CS159C data
base. and 1s use in the Courtryside
Information System (CIS), should not be
underestimated. It is a unique infermation

base which is of equal importance to policy-

makers and to environmental scientists,
forming an interface between these two
groups.

8.1.10 The statistics on changes in hedgerow

length have aiready influenced Government

policy on’support for hedgerow
maintenarnice. The data on land cover,
habitats and plant species will contribute to
the UK Biodiversity Action Plan and the UK
Strategy for Sustainable Development. It is
clear that the CS1990 data set has the
potential to contribute irformation and
understanding to a vartety of rural
environmental policy issues

8.1.11 Now that the data from CS51950 have been

assembled. the scientific cormmunty will

wish 1o examine the data and the inheremt

relationships that exist between the different
componen:s.

8.2 Links to other studies
Northern Ireland Countryside Survey
8.2.1 For historical reasons. the couniryside
surveys of 1978, 1984 and 1990 were of GB
only (but including the Isle of Man).

However, comparable work has been
underiaken in Northern Ireland.

8.2.2 The Northern Ireland Countryside Survey
(NICS). funded by the Department of the
Environment for Northern Ireland and
carried cut by the Un:versity of Ulster, used
a similar approach of land classification and
field survey tc C5199C. The survey was
based on a sample of §28 25 ha (0.25 km?)
grid squares surveyed between 1986 and
199]. Only land cover and field boundary
data were collected and. because this was
the first such survey in Northemn Ireland. no
change statistics are available. The
record:ing categories used were broadly
comparable with those used in CS1950. but
the data have been aggregated in a
different way for reporting purposes. A
summary of the main results, for
aggregated categories which are broadly
comparable with C51590, is given in Table
8.1 Definitions of the survey categories are
given in Murray et al (1992) and a

Table 8 1 Areas ( '00 \an®) of broadly comparable land cover categones, by country and UK (+ = presence <1)

Eng.and Scot.and Wales N lreland JK NI as
Cover type Arga % Artea % Area % Area % Area % % UK
Urbansother 175 13 38 g 18 g 12 G 244 12 5
Tilled land 403 31 59 7 19 9 6 4 487 20 !
Intensively managed grass 328 2§ 98 12 68 33 42 31 535 22 8
Other managed grass g4 6 73 G 2% 14 38 28 223 9 7
Fallow/casturbed 53 4 14 2 3 i 2 1 12 3 3
Wetland vegetathcn i2 1 20 3 5 2 6 4 43 2 14
Bracken 12 1 15 2 9 4 - + 31 2 +
Grass moo:land 29 2 73 9 17 8 L 1 119 5 +
Cper heaih 30 2 107 14 9 4 8 6 154 & 5
Dense heath 13 1 28 4 4 2 3 2 48 2 6
Bog 15 l 149 19 3 1 & 4 172 1 3
Broadleavedmu:xed woodland 88 7 21 3 12 6 3 2 124 5 2
Scrub 6 + 2 + 1 - ] : 10 - 10
Comfer woodland 45 3 85 11 7 3 5 4 142 5 4
Coastai vegeranon 4 + 8 1 ! + - + 9 + +
Total 1297 100 187 100 205 100 134 100 2421 100
NB i The NICS recording categories were not ideraical to those used in CS1990

u.

The Table summarises comparable cover types as given it the Land Cover Defrutions report (Wyatt ef al in prep.)

1w "‘Pe following definivons show how C51950 categones have been aggregdted for comparison with categones in the Table
Imensively managed grass - recreatonal, recently sown, pure rye-grass, and well-managec grass
+ Other managed grass ~ weedy swards. non-agnculiurally improved grassland. calcareous grassland and upland grass
» Fallow/cisturbed - non-cropped arable, unmanaged grassland, felied woodland, wasie and derehct land
+ Grass moorland - ‘purple moor grass’ and ‘oither moortand grass'
+ Coasial vegetation - saltmarsh, manume vegetanon, dune grasstand
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Table 8 2 Lengtis (‘000 km) of aggiegated boundary ypes, by country ard UK

N:
Boundary type England Scoiland Wales N lreland JK as %lK
Hedge (H. HB. HF, [FB. HW.HWB. EWF, 1{WEB= 378 33 54 27 592 )
Relct hedge (R. RB. RF. RF3} 62 8 13 a8 18l 34
wal (W, WB, WF, WTB) 73 91 28 14 205 7
Bank (B. ¥3) a2 4 16 45 97 45
Fence (F) 38s 22! 1C 52 728 7

NB See Table 4 | for explanatcn of abbreviatons (e B - Bank, F = Fence. G = Grass stiip, H = Hedge R = Relet hedge W = Wali)

823
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companson with C51930 is included in
Wyaltt et &l {in prep.) and in the CIS

Points to note from Table 8.1 are the
dominance of grassland categories in NI,
such tha: Northern Ireland contains over
10% of the UK stock of permarent
grassland. scrub and wetland vegetation.

The data for boundar.es can simi!érly be
aggregated for comparative purposes. as
shown in Table 8.2 Northem Ireland has
more than three times the average UX
density of hedges and rel:ct hedges (about
§ km per km? in Northern Ireland compared
with about 3 km per ki in the UX overall)
Accordirg to these aggregations. Northern
[reland has abcut half the UK stock of retict
hedges and of banks. High proportions of
hedges ard walls in Nortkern [reland are
reiict/runed.

Land Cover Definitions (LCD) project

B25

A framework for comparison between
surveys is provided by the Department of
the Environment (DOE) Land Cover
Definiuons project (LCD) (Wyatt et al in
prep }. Withir. this project, a dicticnary is
provided of land cover and land use
classifications and surveys. Numerical
comparisor.s were made between four
major data sets (CS1990 field survey;
CS1590 satellite land cover map:
Monitoring Land Use Change project; and
Munstry of Agricalture, Fiskenes and Food
June census). but others such as the
National Couniryside Monitoring Scheme
(NCMS}, Naticnal Land Use Classification
and the Co-ordinated Environmental
Information in the European Community
system (CORINE) were compared in terms
of definitions cnly. Subsequent analyses
can use these studies as the basis for further
interpretation of CS1990 results as and
when required. The dictionary of land
cover definitions and a facility for
comparing defin:tions in d:fferent surveys
are provided inthe CIS.
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Changes in key habitats

B26

The sampling approach used in the field
survey of C51950 provides reliable
Informat:on about the more commorly
occuring habitats bu: there is less
information about the rarer habitats, such
as lowland heath, calcareous grassland,
moorland, coastal vegetation and
wetlands. To improve the data available
for these 'key habitats’ i England. the
DOE has commissioned ITE to adapt the
C51990 methodology and undertake a
more fccussed study. Fleld work was
completed in the field seasons of 1992 and
1693 The project is due for completion in
Ocicber 19494,

Processes of countryside change

827

Many of the changes in land cover and
vegetation recorded in CS1990 are the
result of land use and management
decisions made by farmers The
Economic and Social Research Council
(ESRC) and DOE are funding a study by
Wye College into the socio-economic
processes of countryside change. The
study involves a questionnatre survey of
farmers i 256 of the 1 km squares form
CS1880. In the analysis it will be possible
10 link the ecological changes observed
with the activity and attitudes of farmers.
Bringing together :he disciplines of
eco:0gy and socio-ecnomics in this way is
a grea: challenge.

Modelling studies

828

The data collected in C51990 will form the
basis for a variety of modelling studies
Land cover. soils and freshwater
Invertebrate data can be used in
hydrological models 10 predict water
quality in river catchments. Detailed data
on the species compeosition of plots can be
used in models of ecological succession
and vegetation development in different
management regimes. Land'cover data
from CS1990 will be used to update the



8.3

Land Use Allocation Model (LUAM)
developed by the Centre for Agricultural
Strategy. University of Reading.

Recommendations for further
work

83.1 Ineach of the component parts of the project,
opportunities for further work have been
recognised:

The sateilite land cover map has a wide
range of potential applications for
resource assessment and is currently
being developed for this purpose. There
1s a range of potential GIS developments
linkang the map 1o other spatal data
bases. There is also a possibility of
monitoring change from the existing map
at regional or national levels. The
application of mathematical procedures
for pattern analysis has a high scientific
potential.

The digitised land cover data base, from
each 1 kon square in the field survey,
could be used for spatial analysis in order
to relate the land cover to the compositicn
of the detailed vegetation plots. The
relationship of linear features and their
assoclaled vegetation also deserves
further study. The different types of
pattern analysis, developed in the
Ecological Consequences of Land Use
Change (ECOLUC) project (Bunce et &.
1993). could reveal importan: information
providing relationships between paiches
of vegetation and animal distribution. The
analytical overlaying power of
Geographucal Information Systems means
that the data base is ideal for locking at
scenarios of potential change in the
landscape.

One principal area of future work that has
been idennfied 15 the development of an
understanding of the processes of
change, since currenily these can only be
inferred. A range of hypotheses has been
developed which need to be tested in
order to develop adequate predictive
models; these can then be used 1o aid
land management. Further analysis is
required of the patterns of diversity and
their relationship with the spatial
arrangement of land cover elements.

The freshwater studies form a
fundamental baseline for assessing future
changes in freshwater fauna and water

134

832

833

quality. relating these to changes in land
use and land cover. An integrated
approach would identify important
information on sensitive taxa and the
relationships between change and
management of the land

The solls information will be an imporntant
element of studies of vegetation and
change and could provide links 10 work on
cnitical loads and pollution levels at local
and national scales.

- In additicn. a rumber of suggesiions for

future work have arisen as a result of a
meeting held in Edinburgh (organised by the
Land Use Research Coordmnating Commattee
(LLURCC). March 1993}, which was called

 specifically 1o discuss work that might

develop rom CS1990 (LURCC 1993). The
main areas for future work. recognised by
the meeting. were as follows

Expansion of the data base - integration
of \he C51990 data with other national data
bases on agriculture. cimate pollution and

bioclogy

Availability of data - development cf the
CIS and i's wider avalability for research
and application.

Spatial scales - rigorous assessment of the
application of results at national,.regional
and local scales and developmeni of
analysis (or synthes:s) to express distinct
zones of influence.

Causal relationships - exploraticn of
correlative relationships lo assess
causality. eg by application of theory. field
experiments, detaled case studies or
testing predictive models against observed
spatal and tempeoral patterns

Policy targeting and analysis - use of the
CS51990 data base 10 establish objectives,
10 target policy in terms of spatal locations
or subject, and io test the effectiveness of
policies (adoption dynamics).

The LURCC report of the meeting states: "It
was generally accepled that the combination
of informanon which had been incorporated
into C51990 constitutes a major benchmark
for future biological research, for integration
with social and economic research, and for
exploration of imporian policy issues such
as conservation of biodiversity and the
effects of the Common Agricultural Policy.’



GLOSSARY OF TERMS, ABBREVIATIONS
AND ACRONYMS

1990 River Quality Survey - chermrical and biological survey of the quality of watercourses in 1990,
undenaken by the Institute of Freshwater Ecology (IFE) and commussioned by the National Rivers
Authority (England and Wales). the River Purification Boards (Scotland) and the Departiment of
Economic Development (IN. Ireland). .

Aerial photographic interpretation {API) - the use of aenal photographs to update and enhance base
maps prior to field survey (see sect:on 2.3.9).

Aquatic macrophytes - higher plants which are grow:ng in, or on, waier

Arable landscapes - cne of the four landscape types into which ITE Land Classes have been
aggregated to preserit results from CS51930 (see Appendix | - section Al 7).

ARC/INFO - proprietary Geographical Information Systern (GIS) written by the Environmental Systems
Research Instituie. Redlands, Califormia, and used at both the ITE Menks Wood and Merlewood sites.

ASPT - average score per taxon - the to:al site score divided by the number of taxa contributing to that
score (see secaon 2 5.1 7).

Biotic index values - sumple numeric representations of complex biclogica: infermation, normally used
1o indicate some aspect of environmental qualty (see 3MWP score, number of sconng taxa and ASPT).

BMWP - Biological Monitoring Working Party - responsible for devising a scoring system relating
freshwater biota to their tolerance of organic pollution (see section 2.5.16 and Armitage et al 1583)

BNG - British National Grid - as shown, lcr example, on Ordnance Survey maps.

BNSC - British National Space Centre - based i London, the BNSC was formed in 1685 as a
partnership between UK Government departments and the research councils (eg NERC) to form the
focus for Britain's non-miltary space :nterests. A contributor of funding to C51990.

Boundary plots - one of the linear plot types recorded during the field survey, placed alongside field
boundaries (see section 23 11)

Buffer zone - used in classifcation of satellite tnagery to define an area of user-selected width
surrounding features of a defined type (see section 2.2.30).

Category 1 species - plant species which were used in the anajysis of botarucal data. having few
taxonomic or identification difficulties ar.d which were consistently recorded by field surveyors (see
Appendix 2).

Census data - data collected from every unitYmember of a population, eg a complete inventory of land
use information (cf sarnple czta).

Changes in Key Habitats - a DCE-funded project to goliecl data from specific habitats which have a
limited representation in CS1990 and to examine the efiects of designations on these.
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CIS - Countryside Information System - a computer-based system to display and integrate CS1990
data and other environmental information.

CORINE - Co-ordinated Information on the European Environment - a joint European initiative which
mcludes the aim of mapping the land cover of all CEC countries using satellite imagery.

DAFS - Departrﬁent of Agriculture and Fisheries for Scotland - responsible for the promotion of
agriculture and the fishing industry in Scotland (now SOAFS - Scottish Office Agriculture and Fisheries
Department).

DECORANA - Detrended Correspondence Analysis - a FORTRAN computer program which
produces an ordination (gradient) of species and plots, using an improved version of Correspondence
Analysis.

Digital data base - usually referring to a data base comprised of digitised map co-ordinates (see
Digitising).

Digitising - the process of capturing information from maps in the form of points, lines or areas. and
converting these into computer-readable co-ordinates {(grid references).

DOE - Department of the Environment - one of the principal funders of C$1990 and the commissioners
of this report.

DRA - Directorate of Rural Affairs - division of DOE responsible for C$1990.

DTI - Department of Trade and Industry - one of the principal funders of CS1990, especially in relation
1o the land cover map.

ECOLUC - Ecological Consequences of Land Use Change - ITE research project, completed in 1989
and funded by DOE (see Bunce et al. }1993)..

EQI - Environmental Quality Index - an expression of the extent to which the freshwater fauna of a site
matches that 10 be expected in the absence of environmental siress (see section 2.5.18).

Error terms - (eg standard error) measures of the reliability of an estimate which has been based on a
sample (eg when extrapolating from a sample of | kan squares 1o a national or regional estimate).

GIS - Geographical Information System - a computer package which handles spatial information
(usually as computerised maps) and which allows analysis of, for example, area. length and overlay.

Habitat plots - 4 m’ plot recorded within areas of semi-natural vegetation during the field survey
element of C51890. Up to five were recorded in each 1 kan square (see section 2 3.11).

IFE - Institute of Freshwater Ecology - one of the research institutes of the Natural Environment
Research Council.

1S - International Imaging Systems (also I’5) - image analysis software/hardware for processing
satellite images.

IR - infra-red - wavelength used in satellite imagery.
ISA - Indicator Species Analysis - a computer program from which TWINSPAN was developed.

ITE - Institute of Terrestrial Ecology - one of the research institutes of the Natural Environment
Research Counail.
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ITE Land Classification - 11e systemn deve.oped by ITE to classify each of the ¢ 240 000 1 km squares
in Great Britain into one of 32 Land Classes, depending on its envirenmental affimties  Used 1o siratisy
the CS1980 field survey (see Appendix 1),

Land Classes - 32 sirata produced by the UIE Land Classification (see Appendix 1)

Land cover - the compos:tion of the land surface, being described in termrs of land cover classes {eg
arable crops, trees, buildings, bare rock)

Land cover map - map of GB showing the principal land cover classes and derived from interpretation
of satellite imagery by siaff at ITE Monks Wood, as part of CS1590.

Landscape type - one of the four aggregations of the [TE Land Classes ( into arable, paqtural marginal
upland ard upland types) (sec Apperdix 1). :

Laserscan GIS - proprietary Geographica. Informator: System, developed by Laser-Scan Laboratories
Lid. Cambridge.

Linear plots - .0 m x | m plots placed alongside field boundaries. streamsides and road verges in the
| kan field survey sites frcm which vege:ation data were recorded (see section 2.3.11)

LUAM - Land Use Allocation Model - the product of research project carried out by the Centre of
Agricultural Strateqgy, Reading Univers:ty (w:th input by ITE), which links national agricultural statistics
to the ITE Land Classes.

LURCC - Land Use Research Coordinating Committee - a national committee under the auspices of
NERC. with: membership om Depantments, Agencies ard academia. and a remit to encourage
collaberation and dissemiraton of land use researca.

MAFT - Ministry of Agriculture, Fisheries and Food - responsible for administering Government
policy for agriculture horticulture and fisheries in England.

Main plot classes - outputs from TWINSFAN ciass:fication of all Main (vegetation) plots (29 in number).

Main plots - 200 m? plots placed a: randcm in each | km field sample square {5 in each) from which
vegetation data were recordec.

Majority filter - filtering precedure, used to smooth out 'noise’ in classification of satelite data. to
produce generalised images

Marginal upland landscape - one of the four landscape types inio which [TE Land Classes have been
aggregated to present results from CS1990 (see Appendix 1 - section Al 7).

Minimum mappable area (0.04 ha) - smallest area of land ‘o be mapped &as a homogeneous unit
(using a consisient cocded description) within the field survey part of CS1990.

Minimum mappable length (20 m) - shoriest length of any linear feature to be mapped as a
homogeneous urnt (1sing a consistenl coded description) within <he field survey part of CS1990.

MLC! - Maximum likelihood classifier - statistical precedure used in the classification of satellite
imagery to extrapolate from sample data and to alloca:e pwxels in a remotely sensed image o the most
appropnate classes, based on the spectral reflectances recorded by the sensor.
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MLC? - Momtoring Landscape Change (project) - 1984 sample survey cf the countryside of England
and Wales carned out by Huntings Technical Services on behalf of the DOE and the Countrysice
Cormission.

MLURI - Macaulay Land Use Research Institute - based in Aberdec:, MLUR! was subcontracted o
carry out the soil survey element of C51990 11 Scotland {see section 26.1)

MSS - Multispectral Scanner - instrument carried on all Landsat satellites, offering an 80 m spatial
resolution and four wavebands

Multiple-element category - used in describing physical boundaries which have more than ore
element (eg wall wath a wire fence)

Multivanate statistical technique - statistical analysis using more than one variable {characteristic) at a
time to classify members of a statistical populaton.

National Remote Sensing Centre - (row National Remote Sensing Centre Limited) - home of the
Earth Observation Data Centre and British agents for the supply of Landsat data.

NCC - Nature Conservancy Council - until 1992, the Government agency with responsibity for nature
conservation n Britain now undertaken by the Countryside Council for Wales, English Nature. the Jount
Nature Conservanon Commmttee and Scotiish Natural Heritage A contributer of funding to CS$990.

NCMS - National Countryside Monitoring Scheme - developed by the former Nature Conservancy
Council (NCC) to record changes in GB using aenal photography on a county-by-county basis
Currently beirg used in Scodand.

NERC - Natural Environment Research Council - responsible for planning, support and
encouragement of research in those scierces that relate to man's natural environment and its resources.

Northern Ireland Countryside Survey (NICS) - field survey adopiing similar approach to CS1990.
funded by the Depanment of the Ervironment for Northern Ireland. carned out between 1986 and 1991
(see section 8.2.2).

NRA - National Rivers Authority - formed in 1989 as an independent body with statutory
respons:bilities {or the management of such thungs as water resources, flcod defence, fisheries and
pollunon controi for all inland waters, estuaries, coastal waters and natural underground water in
England and Waies

ORACLE - data base management system. widely used in CS1980.

OS - Ordnance Survey - based in Southampion and responsible for the official survey and mapping of
Great Britain.

Pastural landscape - one of the four landscape types into which ITE Land Classes have been
aggregated to present results from C51990 (see Appendix 1 - section Al.7)

Patch size - used in landscape ecology and pattern analysis as a measure of the area of a unit of
vegetation, habitat or land cover type.

Pattern analysis - general term to describe the measurement of elements in the landscape, such as
area of felds, lengths of boundaries and edges, and the relationships betweern them.
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Pixel - area of ground surface which is the unii of classification used in satellite image interpretation {eg
25m x 25 m1n CS19%0).

Plot classes - outputs from classification of vegetation plots and determined by the plant species
present in the plot - plots in the same class will generally have the same species present

Polygon data - data derived from multi-sided figures representing distinct areas on a field survey map
or satellite image.

Polynomial model - mathematical expression which, in this repor, expresses how the geometry of the
original satellite image relates to that of the earth's surface and which 1s used to alter the image
geometrically to match the desired map scale and projection.

Primary codes - used in the field mapping part of C51990 to define the general nature of a feature (eg
woodland, lake, field of grass) (cf secondary codes which describe ihe feature in more detail).

Principal vegetation gradient - name given to the first axis resulting from a TWINSPAN analysis of the
vegetation data - generaly interpreted as being frem plots which are characteristic of highly managed
lowland vegetation. ofier with high levels of nutrients. 1o those of unmanaged upland vegetaton with
low nutrient levels

Proximity analysis - measurement of the closeness of one land cover type to another.

Quality assessment - means of measuring the quality of work, eg by repeat sampling of vegetation
plots (see Appendix 4).

Quality Assurance Exercise - partial resurvey carried out in 1990 and 1991 to assess consistency and
rehability of CS1950 field survey (see Appendix 4).

Raster data - data which relale 1o areas rather than lines (vector data) - raster maps may be made up of
a gnd of cells, each having a separate value.

EY

Reflectances - light values reflected from the earth’s surface and recorded by satellites.

Relict hedges - boundaries recorded in the field survey which at some point in the past have been
hedges but are something else at the time of survey (eq line of trees).

Remote sensing - a genera! term to include observation of the land surface from a distance. usually
applied to aerial photography and satelliie tmagery.

RIVPACS - a software package devised by IFE for assessing the biological quality of rivers.

RPB - River Purification Boards - have similar responsibilities in Scotland as the National Rivers
Authority in England and Wales.

Sample data - data which have been collected from only some members of a statistical population and
which are usually assumed to be representative of the whole population.

Satellite image - general term used to refer to data aquired by remote sensing; also used to refer to the
visual display of such data on a screen or as printed paper products

Satellite imagery - process of collecting satellite images. -
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SE - standard error - estimated standard dewviation of an estunate of a parameter (see Appendix 3
and 3a).

Secondary codes - used in the fleld mapp:ng part of CS1590 1o define the characteristics of mapped
features in detal (eg tree species in woocland, size of lake, species present in grass field ) (cf primary
codes).

Semi-natural vegetation - generally. vegetation which has not been greated by humar activity
(rmanagement) although it may have been influenced by u.

Soil group - division of sous into one of ten major groups. eg podzolic soils.

Soil subgroups - division of major soil group nto more detailed classes. as supplied by SSLRC and
MLURI for CS19850

Spatial recording - recording the pcsition of features (eq fields, trees) using a co-crdinate {grnd
reference) system.

Spatial scales - data recorded at one scale applied at national, regional or local levels.
Species cover values - esiimates of the ground area covered by a plant species.

Species groups - groupings of plant species resulling from DECORANA analysis of the whole C51580
vegetation daia sel (see section 2.3.25)

Spectral characteristics - reflectances in different wavebands. from different surfaces on the ground.
measured at sensor. and peculiar to a particular cover iype.

SSLRC - Soil Survey and Land Research Centre - based at Silsoe, Bedfordshire, SSLRC was
subcontracted to carry out the soil survey element of CS1950 in England and Wales (see sechon 2.6 1)

Stock - the amount of any {eature present at a point in time.

Stratified sample - sample drawn from different divisions (strata) of the whole data set - intended to
increase the chances of the sample being truly representative of the whole population.

Stratified random sample - sample drawn at random from within each of the different strata of a data
sel (eg the CS1990 1 km fleld sample squares were drawn at random from each of the 32 iTE Land
Classes (strata))

Stream order - classification of streams/rivers where a first-order stream is one which runs from a
source 10 the first confluence; second-order streams run from the confluence of two first-order streams
to a confluence with another second-order stream, and sc on.

Streamside plots - one of the linear plot types, placed alongside flowing watercourses (see section
23.11).

Student’s t-test - statistical procedure to test for significant differences between two sets of data.
Suburban - land cover class shown on the land cover map (see Appendix 2).

Target land cover classes - one of the classifications of land cover data produced from the land cover
map (being 25 in number)
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Taxa - any group of orgamsms that is sufficiently distinet from any other group to be distinguished by name
at one or other level of classification,

Thematic Mapper (TM) - scanner on board the Landsat satellite. which provided the reflectance data used
n mapping land cover: the scanrer offers seven wavebands of data ‘or relectances from 30 m ground cells

TWINSPAN - Two-way Indicator Species Analysis - a FORTRAN program used in CS1990 to classify plot
data into vegetation classes (see Hill 1579).

Unsurveyed urban land - a census estimate of urban land from all 1 km squares not surveyed (see
Appendix 3 - section A3.46)

Upland landscape- one of the four landscape types into which [TE Land Classes have been aggregated to-
present results from CS1999) (see Appendix | - section A1.7)

Vascular plants - all plants excluding mosses. liverworts and a.gae (1e ferns, conifers and flowering plants).

Vector-digitising - entering the spatial co-ordinates of features (eq fields Lnes of trees) from amap 1o a
GIS using continuous lines in crder to represent the feature as exactly as possible (cf raster data)

Vegetation gradient - see principal vegeiation gradient

Vegetation plots - three types of plot. Main. Habitat and linear, recorded in each | kan field survey square
lor vegetation analysis (see section 2 3.11).

Verge plots - one of the linear plot iypes. placed alongside roads/tracks {see section 2.3.11).

Ward's minimum variance clustering - statistical tectique to group species which have sirmilar
distributions (see section 5.1 4)
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Appendix 1 THE ITE LAND CLASSIFICATION AND
THE FOUR LANDSCAPE TYPES

Description of the ITE Land
Classification

All

AlzZ

Al3

The erm 'Land Classification’ has been
used to describe a range of methods
varicusly concerred with splitting or
grouping land cover. land use and
landscape. The ‘echniques are based on
the assumption that the land surface can be
divided through objective mathematical
class:ficaticn of defined environmental
parameters. The iunction cf the (TE Land
Classiiication is to stratify the land so that 1t
can be sampled efficienty 1o provide
esiimates of cover and distribution of
landscape elements, which cannct be easily
or cost-effectively determned by direct
census. A carefully appled strasfied
sarrple can provide both reliable
populatior. estimates ard descriptons of the
patierns of variability. The major
asswmpt:on is that the character of a
landscape is determined by physical
environmental factors, although these
factors may have been modified by the
influerce of man The patterns visible today
reflect both the managerient histery and
current physica: conditions; analysis of
ecologica: change relies on the

identif calion of the causative factors which
must either be measured directly or
replaced by surrogate variables.

The ITE Land Classification uses the 1 km
squares of the Ordnance Survey National
Grid as its sampling wnit. One km squares
are grouped into 32 'Land Classes’ on the
bas:is of a wide range of environmental
parameters. Such standard, regular
sampling units have the advantages of
being easy to handle and objeciive.
removing some of the subjectivity involved
in attempting to define boundarnes of natural
units. The hetercgeneity within the squares
1s an integral part of the approach and is
used to distinquisk Classes. The
development of the ITE Land Classification
syslem has been in two phases.

initially. in 1977 the Land Ciasses were
derived from a staistical classification cf a
nationally disiributed sample of 1228 .
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squares, each of which was situated at the
Intersection of a 15 kan x 15 km grid. For
each sample square, 282 envirenmmental
attributes were recorded from maps.
covering climate, topography. geology.
and man-made artefacts (such as roads and
railways). On the basis of these data, the
sample squares were classified intc 32
Land Classes usng Indicator Species
Analysis (ISA - Hill et al. 1975). This
techrique generates a subset of ":nd:cator’
attributes which can subsequently be used
as a key to allocate further sarnple squares
nto classes. The Land Classes fom this
classification were used as strata for the
1978 national ficld survey of 256 squares
(elght rem each Land Class). and the 1984
survey of the same squares plus an
additioral four squares from each ciass.

The second phase of development. in 1989,
classified all 240 000 squares in GB into
Land Classes. Since 1977, advances in
computer power and the avaiability of
Geographucal Information Sys:ems (GIS)
mzde it possible to automate some data
capture and 1o analyse colectively this
quantity of data. It was decided a: the
cutset to simulate the nitial classificaticn as
closely as possible. Whilst in theory. the
ISA key derived from the first classification
might have been used s.mply to allccate
squares to Classes, in practice the
acquisition of the necessary detailed data
for the key for every G3 square was
logstically unpossible within the limitations
of resources Instead, a reduced set of
some 70 atributes, selected 1o represent
as closely as pessible the vanability in the
initial classification, were recorded for each
of the 240 000 GB squares and used in the
classification process. These atinbutes can
be grouped under sever. broad headings:
topography, climate. solid geclegy. drif
geology. man-made features, island siatus
and distance from coasts. The technique
(logistic discrimination) used the 1228
squares of the initial classification as a
‘training set’. so maintaining a close
correspondence between the two |
classifications. This latest classification of
all 240 000 GB squares intc 32 Land
Classes forms the stratification system used



to select sample squares for the Table Al.4 Landscape composinon of each county (% of county

Countryside Survey 1990. in each landscape type)
] ] ] Marginal
Al.5 The ITE Land Classification thus provides a Cour‘y/Regon Arable Pastura upland Uplang
system which describes GB. and its
constituent parts, in terms of their g:gla“d s as 0 0
underlymg enwomental characyer:sllcs, Bedford 98 2 0 0
Further, it provides a representative Berkshire 51 39 0 0
framework for sampling features which are Buclanghamshire 70 30 0 0
. . . 1 G
likely to be associated with these gmc;gesmre Tg 8§ g g
underlymg_ enyuonmema] parameters. and, Cleveland 41 5| 8 0
logether with its use of a standard spatial Cornwall ' t00 . 0
unit {the 1 kmn square). it provides a useful Cumbna 12 34 35 8
for ; S lion. Derbyshire 22 g 39 +
system for integrating informa Devon 3 27 0 0
Dorsel 61 39 0 0
Durham 20 34 12 34
East Sussex 88 12 0 0
Table Ai.1 Relative disinbution of mapped elernents amongst (E}slf)iies[ersmre ig 43 9 g
the four landscape types (% of mapped element in each G.rea'er London 42 58 3 0
; _ v | It M
landscape type - source Bartholomew) Gur Manchester 3 71 20 0
Nargmnal Hampstere T 23 C 0
e LLIla
. i . Herelord & Worcesie: aC 75 5 0
Arable Pastura: upland Up.and Henford a0 10 0 0
Water - sea and tdal 9 34 16 41 Zﬂﬁaldﬁ 2.5‘, ;g B g
Water - inland 18 12 14 56 o0 a5 ” 0 0
Woodland 29 18 26 28 y n - 2 87 3 .
Buili up - towns 51 a6 3 + ancasiure
Built up - villages 48 40 8 5 E_glcemers.‘urc 82 18 0 0
Motorways 40 57 3 + sncom . % > 0 0
A-roads %4 4 9 5 lerseysice ¢ % 0o ¢
B-rouds 45 33 1 5 noriox 3 3 0 C
Minos roads a5 4 1 3 Nortz Yorkshire 8 47 26 1C
Caﬂass "a3 53 : 3 . Northampion 96 4 0 C
Ra:-]wa s a4 ;g 6 4 Norikumberland K] 26 11 27
chrsy a7 5 8 25 Notunghamshire 82 18 0 0
Oxfordshire 71 28 0 0
Open countryside 34 29 16 2! Shropshire 24 a3 23 o
Somerset 23 67 10 - 0
South Yorkshire 26 55 19 0
Staffordshire a2 66 12 G
Suffolk 99 0 0 G
Surrey 83 17 0 G
Table Al 2 The average and maxamum alt:ude (m) for the Tyne & Wear S0 4% l ¢
chfferen: landscape types. The figures are based on the mean Warwick 37 63 0 0
altitude per | km square drawn from a 100-point matnx based West Midlands 58 42 + 0
over each square West Sussex 88 12 0 0
West Yorkshire 13 53 34 0
Mean Maxirmurn Wilishire 72 28 0 0
antude (m) atitude (m) Scotland
Borders 17 20 16 47
Arable 76 280 Central 36 6 12 46
Pasiural 87 340 Dumiries & Galloway 20 35 23 23
Marginal upland 244 985 Nle 12 2l 5 2
Upland 313 1225 Grampian 38 10 13 3§
Highland 6 1 17 15
Lothian 54 16 25 5
Orkney 1 0 85 13
Shetland 0 0 52 48
Tabie Al.3 Climaie in the landscape types. descnbing the ?‘gagﬁéyde ;; : : 22 gg
average hours of bright sunshine per day inJuly, the mean Wgslhem Isles . 0 q 91
rrarsmum femperature {11 °C) n January and the average
‘ . Wales
number of days with snow {alling 1n each year (source. 1941-70 Chwyd 7 41 51 .
Asr Minestry data) '
Dyfed 1 74 25 0
Gwent 9 66 25 0
Sun (hrs) Temp (°C) Snow (days) Gwynedd 0 49 49 0
Arable 58 07 260 Mid Glamorgan + 48 52 0
Pastural 57 h4 221 Powys 9 s 84 '
. Souih Glamorgan 3 97 0 0
Marginal upland 49 09 369 Gl 0 0
Upland 44 0.3 480 West Glamorgan 19 21
‘ ‘ ) Isle of Man 0 77 23 0
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Table Al 5 Geological charactersiics of the four landscape types (% of the | krn squares 11 each landscape type in which each rock

type 1s domunani)
Rock formation Arable Pastural Marginal upland Upland
Cuaternary, Teruary and Cretacecus clays B 2 0 0
Qoliic and fnable bmestones 9 3 3 -
Mesozoic mudsiones and Lias 18 28 2 1
Jurassic clay 4 2 0 0
Cretaceous clay 13 6 0 0
Devonian sandsiones 7 13 P4 4
Chalk 23 3 + 0
Massive lmestones 4 5 8 4
Carboniferous and non calcareous shales.

gris and sandsiones 5 19 14 4
Basic and \ntenmed:ate igreous 1ock and

bas:c metamorph:c 2 2 8 S
Acid .gnieous and metamorphuc rock 4 3 2! g0
Silunan and Ordownician 3 11 26 8
Metamoarpice slates and gphyllite + - 1 4
Melamorpiic mes'cnes + - + 1
Cambnan gr:'s and sandsiones + 2 §

The four landscape types

Al.6 The huerarchical nature of the [TE Land
Classificaiion allows Land Classes to be
aggregated into broad landscape iypes.
For the purposes of the present report.
results have been described in terms of:
‘arable’, ‘pastural’, ‘'marqmnal upland’, and
‘upland’ landscapes. The geographical
distnbution, Land Class composition and
environmenial characteristics of the four
landscape types are shown in Figure 1 |
(Chapter 1) and Tables A1.1-5.

Al.T Insummary, ‘he arable landscapes are

composed of | kin squares that occur in

counties it the south and eas! of GB, at .ow
altitude, having low winler temperatures.
high sunshire hours and below-average
snow lie. The geoclogy 1s domirated by
calcareous rocks. clays and other
sedimentary types. Characterstic map
features include built-up areas and main
roads.

Al.8 The pastural landscapes are typical of

counties in the south and west of England,

much of the lower land in Wales and of
southern Scotland, at low altitude, having
moderate winter temperatures, high
sunshine hours and little snow lie. The
geology i1s vanable but is dominated by
sedimentary and metamorphic rocks. All
map features occur widely in this type, but
especially coastal features. built up areas
and mainroads.

Al 9 The marginal upland landscapes occur

on the fringes of the uplands in all areas of

north and west Britain, especially in Wales,
at medium altitude, having low winter

temperatures, medium sunshine hours and
average snow lie. The geology is dominated
by metamorphic rocks, with some igneous
rocks present. Characteristic map features
include minor roads and woodlands.

Al .10'The upland landscapes are mairly in
Scotland and northermn England, at high
aliitude, having very low winter
temperatures, low sunshine hours and
above-average snow lie. The geology 1s
dominated by igneous and metarmorphic
rocks. Characleristic map features are inland
waier. woodland and open countryside, with
few buidings or roads.
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Appendix 2 CODE LISTS

Category 1 species for analysis

Plant species names which were used in the analysis of betanical data, having few taxonomical or
idenufication difficulties and which were consistently recorded by field surveyors.

Acer campestre (Field maple)

Achillea millefolium (Yarrow)

Achillea ptarmica (Sneezewon)

Actnos arvensis (Basl thyme)

Adoxa moschatellina (Moschatel)
Aethusa cynapium (Fool's parsley)
Agnimoma eupatona (Agrimony)
Agnmoma procera (Fragran: agrimony)
Agrosus capiflaris (Common bent)
Agrostis curtisii (Bristle bent)

Agrostis gigantea (Black bent)

Agrosus stolonifera (Creeping bent)
Aira caryophyllea (Silver hair grass)
Aira praecox (Early hair grass)

Ajuga reptans (Bugle)

Alchemila alpina (Alpine lady s mantle)
Alisma plantago-aquatica (Water plantain)
Alliana peliolata (Garlic mustard)

Atlium ursinum (Ramsons)

Allium vineale (Wid onion)

Alnus glutinosa (Alder)

Alopecurus aequalis (Orange foxtail)
Alopecurus geniculatus (Marsh foxtail)
Alopecurus myosuroides (Black grass)
Alopecurus pratensis (Meadow foxtail)
Ammophiia arenana (Marram)
Anacarnptis pyramidalis (Pyramidal orchid)
Anagallis arvensis (Scar'et pimpernel)
Anagailis miruma (Chaftweed)
Anagalls tenella (Bog pimpernel)
Anchusa arvensis (Bugloss)

Andromeda polifolia (Bog rosemary)
Anemone nemorosa (Wood anemone)
Angelica sylvestris (Wild angelica)
Antennana dioica (Mountain everlasting)
Anthemus arvensis (Corn chamomile)
Anthemus cotula (Stinking mayweed)
Anthoxanthum odoratum (Sweet vemal grass)
Anthriscus caucaulis (Bur chervil)
Anthniscus sylvestris (Cow parsley)
Anthyllis vulnerana (Kidney vetch)
Apium graveoclens (Wild celery)

Apium inundaturn (Lesser marshwort)
Apium nodiflorum (Fool's water cress)
Aquilegia vulgans (Columbine)
Arabidopsis thaliana (Thale cress)
Arabis hirsuta (Hairy rock cress)
Arctostaphylos alpinus (Alpine bearberry)
Arclostaphylos uva-ursi (Bearkerry)
Arenana serpylitfolla (Thyme-leaved sandwort)
Armena maritima (Thrift)
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Arrhenathrum elatius (False oat grass)
Artermnisia absinthium (Wormwood)
Arterrusia campestris (Field southemwood)
Artemisia manitima (Sea wormwood)
Antermusia vulgaris (Mugwon)

Arum maculatum (Lords-and-ladies)
Asparagus officinalis (Asparagus)

Asperula cynanchica (Squnancywort)
Asplenium adiamturn-nigrum (Black spleenwort)
Asplenium marinum (Sea spleenwor)
Asplenium ruta-muna (Wall rue)
Asplenium scolopendrium (Hart's tongue)
Asplenium trichomanes (Maidenhair spleenwort)
Asplenium viride (Green spleenwort)
Aster tnpolium (Sea aster)

Athynum filix-femina (Lady fem)

Atnchum undulatum (Wavy-teaved thread moss)
Atrcpa belladonna (Deadly nighishade)
Aulacornnium palustre (Bog thread moss)
Avena fatua (Wild oat)

Avena stngosa (Black oat)

Avenula pratensis (Meadow oat grass)
Avenula pubescens (Downy oat grass)
Bailota nigra (Black horehound)

Barbarea vulgans (Winter cress)

Bellis perennis (Daisy)

Beruia erecta (Lesser waier parsnip)
Bidens cermua (Nodding bur mango!d)
Bidens tripartita (Trifid bur marigold)
Blackstora perfoliata (Yellow-wort)
Blechnum spicant (Hard fern)

Botrychium junana (Moonwon)
Brachypodium pinnatum (Tor grass)
Brachypodium sylvaticum (False brome)
Breutelia chrysocoma (moss)

Bnza media (Quaking grass)

Bromus commutatus (Meadow brome)
Bromus erectus (Upright brome)

Bromus hordeaceus (Soft brome)

Bromus racemosus (Smooth brome)
Bromus ramosus (Hairy brome)

Bromus ngidus - No English name
Bromus stenlis (Barren brome)

Bryonia cretica (White bryony)

Butornus umbellatus (Flowering rush)
Calamagrostis epigejos (Wood small reed)
Calarmintha ascendens (Comimon calaminth)
Calluna vuigaris (Heather)

Caltha palustns (Marsh marigold)
Calystegia sepium (Hairy bindweed)
Calystegia soldanella (Sea bindweed)



Campanula glomerata (Clustered belflower)
(Campanula latifolia (Giant belflower)
Campanula rotundifolia (Harebell)
Campanula trachelium (Nefttle-leaved bellflower)
Capsella bursa-pastons (Sheperd'’s purse)
Cardamine amara (Large bitter cress)
Cardamine impatiens (Narrow-leaved bitter cress)
Cardamine pratensis (Cuckooflower)
Carduus acanthoidies (Welted thistle)
Carduus nutans (Musk thistle)

Carduus tenufflorus (Slender thistle)
Carex acutiformis (Lesser pond sedge)
Carex aquatilis (Water sedge)

Carex arenana (Sand sedge)

Carex bigelowir (Suff sedge)

Carex binervis (Green-ribbed sedge)
Carex capillans (Haxr sedge)

Carex caryophyllea (Spring sedge)

Carex curta (Whzte sedge)

Carex demissa (Comumon yellow sedge)
Carex diandra (Lesser tussock sedge)
Carex dioica (Dioeclous sedge)

Carex distans (Distant sedge)

Carex disticha (Brown sedge)

Carex divisa (Divided sedge)

Carex divulsa (Grey sedge)

Carex echinata (Star sedge)

Carex extensa (Long bracted sedge)
Carex flacca (Glaucous sedge)

Carex hirta (Halry sedge)

Carex hostiana (Tawny sedge)

Carex humilis (Dwarf sedge)

Carex laevigata (Smooth-stalked sedge)
Carex lepidocarpa (Long-stalked yellow sedge)
Carex hmosa (Bog sedge)

Carex muricata agqg (Prickly sedge)
Carex mgra (Common sedge)

Carex otrubae (False fox sedge)

Carex ovalis (Oval sedge)

Carex pallescens (Pale sedge)

Carex panicea (Carnation sedge)

Carex panrculata (Greater tussock sedge)
Carex pauctfiora (Few-flowered sedge)
Carex pendula (Pendulous sedge)

Carex pilulifera (Pill sedge)

Carex pseudocyperus (Cyperus sedge)
Carex remota (Remote sedge)

Carex npania (Creat pond sedge)

Carex rostrata (Bottle sedge)

Carex serotina (Small-fruited yellow sedge)
Carex stngosa (Thin-spiked wood sedge)
Carex sylvatica (Wood sedge)

Carex vesicaria (Bladder sedge)

Carex vulpina (True fox sedge)

Carlina vulgans (Carline thistle)

Carpinus betulus (Hornbeam)

Carum veruciiatum (Whorled caraway)
Catabrosa aquatica (Water whorlgrass)
Centaurea calcitrapa (Red star thistle)
Centaurea nemoralis (Slender knapweed)

Centaurea nigra (Common knapweed)
Centaurea scabiosa (Greater knapweed)
Centaunum erythraca (Common centaury)
Cerasttum alpinum (Alpine mouse ear)
Cerastium arcticum (Arclic mouse ear)
Cerastium arvense (Field mouse ear)
Cerastium diffusum {(Sea mouse ear)
Cerastium fontanum (Comumon mouse ear)
Cerastium glomeratum (Sticky mouse ear)
Cerastium semidecandrum (Lattle mouse ear)
Ceratophyitum demersum (Soft homwort)
Chaenorhinum minus (Small toadfax)
Chaerophyllurn temulentum (Rough chervil)
Chamaemelurn nobile (Chamomile)
Chamaenerion angustifolium (Rosebay willowherb)
Chelidontum majus (Greater celandine)
Chrysanthemum segoeturn (Corn mangold)
Chrysosplenium altermfohum (Alternate-leaved
golden saxifrage)

Chrysosplenium oppositifoliurn (Opposite-leaved
golden saxifrage)

Crchonum intybus (Chicory)

Circaea alpina (Alpine echanter's nightshade)
Circaea lutetiana (Enchanter's mghtshade)
Crirsiumn acaule (Dwarf thistle)

Cirsium arvense (Creeping thistle)

Cirsium dissectum (Meadow thustle)

Cirsium enophorum (Woolly thistle)

Cirsiumn helenioides (Melancholy thistle)
Cirsium palustre (Marsh thistle)

Cirsium vuigare (Spear thistle)

Cladium manscus (Greal fen sedge)

Cladonia arbuscula (lichen)

Cladonia furcata (lichen)

Cladonia tmpexa (lichen)

Cladoria uncialls (lichen)

Clemats vitalba (Traveller’s joy)

Clinopodium vulgare (Wild basil)

Cochieana officinalis (Commen scurvygrass)
Coelogiossum viride (Frog orchid)

Colchicum autumnale (Autumn crocus)
Comum maculatum (Hemlock)

Conopodium majus (Pignut)

Convallana majalis (Lily of the valley)
Convolvulus arvensis (Field bindweed)

Cormus sanguinea (Dogwood)

Cormus suecica (Dwarf{ cornel)

Coronopus didymus (Lesser swine cress)
Coronopus squamatus (Swine cress)

Corydalis claviculata (Climbing corydalis)
Corylus avellana (Hazel)

Crataegus laevigata (Midland hawthom)

Crataequs laevigata x monogyna (Hawthorn hybnds)

Crataegus menogyna (Hawthorn)
Crepis biennis (Rough hawk's beard)
Crepis capillaris (Smooth hawk's beard)
Crepis paludosa (Marsh hawk's beard)
Crepis vesicana (Beaked hawk's beard)
Crithmum mantimum (Rock samphire)
Cruciata lacvipes (Crosswort)
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Cryptogramma crispa (Parsley fern)

Cuscuta epithymurn {Dodder)

Cynoglossum officinale {(Eound's 1ongue)
Cynosurus cnistatus (Crested dog's tail)
Cystoptenis fragilis (Briitle bladder fern)
Cytisus scoparius (Broom)

Dactylis glomerata (Cock's foo!)

Danthonia decumbens (Heath grass)

Daphne laureola (Spurge laurel)

Daphne mezereum (Mezereon)

Daucus carota (Wid carrot)

Deschampsia cospitosa (Tufted hair grass)
Deschampsia flexuosa (Wavy hair grass)
Desmazena ngida (Fern grass)

Dicraneila heteromalla (Stky fork moss)
Dicranum majus (Greater fork moss)
Dicranum scopanium (Lesser fork moss)
Drigutalis purpurea (Foxglove)

Diphasiastrum aipinum (Alpine clubmoss)
Diplotaxis muralis (Arnual wal rocket)
Diplotaxis tenufolia (Perennial wall Rocket)
Dipsacus fullonum (Fuller s teasel)

Drosera anglica (Great sundew)

Drosera intermedia {Oblong-leaved sundew)
Drosera rotundifolia (Round-leaved sundew)
Dryas octopetala (Mountain: avens)

Echium vuigare [Viper's bugloss)

Lleochans multicaulis (Many-stalked spixe rush)
Eleochans palustris (Common spike rush)
Eteochans quinqueflora (Few-flowered spixe rush)
Fleochars umiglurnis - Nc English name
Eleogiton fluttans (Floating clubrush)

FLlymus farctus (Sand couch grass)

Elymus pycnanthus (Sea couch)

Empetrum nigrum (Crowberry)

Epiiobiumn anagallidifolium (Alpine willow herb)
Epilobium hirsuturn (Gregt willowherb)
Epilobiurn palustre (Marsh willowherb)
Lpipacts helleborne (8road helleborine)
Equiseturn arvense (F:eld horsetall)
Equisetum fluviatife (Water horsetail)
Lquisetumn palustre (Marsh horsetail)
Equiseturn pratense {Shady horsetail)
Cquisetum sylvaticum (Wood horsetail)
Fquisetum telematela (Great horsetail)

Lrica cinerea (Bell heather)

Erica tetralix (Cross-leaved heather)
Engeron acer {(Blue fleabane)

Enophorum angustifoiium (Common cottongrass)
Friophorum vaginaturn (Hare’s 1ail cottongrass)
Erodium cicutarium (Common ster<’s bill)
Erophia vermna (Common whitlowgrass)
Lrysimurn cheranthoides (Treacle mustard)
Euonymus europacus (Spindle)

Fupalonum cannatinum (Eemp agrimony)
Euphorbia amygdatoides (Wooc spurge)
Fallopia convolvuius (Black bindweed)
Festuca alissima (Wood fescue)

Festuca arundinacea Tall fescue)

Festuca grgartea {Giant fescue)
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testuca ovina (Sheep’s fescue)

Festuca pratensis (Meadow fescue)

Festuca nibra (Red fescue)

festuca lenutfolia (Fine-leaved sheep's fescue)
Festuca vivipara (Viviparous fescue)
Festuloliurm hybrid (Hybrid fescue)

Filago lutescens (Common cudweed)

Filago miruma (Small cudweed)

Filago vuigans (Cudweed)

Filipendula ulmaria (Meadowsweet)
Fihpendula vulgans (Dropwort)

Fragana vesca (Wild stawberry)

Fraxinus excelsior (Ash)

Fumana bastardn (Tall ramping fumitory)
Fumana capreolata (White ramping fumitory)
Furnana officinahis (Commeon furmitory)
(Galeopsis angustifolia (Red hemp netie)
Galeopsis segetumn (Downy hemp nettle)
(Galeopsis speciosa (Large-flowered hemp netile)
Galeopsis tetrahit (Common hemp nettle)
Galium apanne (Cleavers)

Galium boreale (Northern bedsiraw)

Galium mollugo (Hedge bedsiraw)

Galiurn odoraturm (Woodruff)

Galium palustre (Common marsh bedstraw)
Calium pumium (Slender bedstraw)

Galium saxatile (Heath bedstraw)

Galium sternert (Limestone bedstraw)
Galwrn tricormnutum (Comn cleavers)

Galiurn uliginosum (Fen bedstraw)

Galium verum (Lady's bedstraw)

Gemista anglica (Petty whin)

Genista tinctona (Dyer's greenweed)
Gentianella amarella (Autumn gentian)
Gentanella campestns (Fleld gentian)
Geramum colurnbirunum (Long-stalked crane's bill)
Geramum dissectum (Cut-leaved crane's bill)
Geramum lucidum (Shining crane’s bull)
Gerannum molle (Dove's-foot crane's bill)
Geranium pratense (Meadow crane’s bill)
Geranum pusilum (Small-flowered crane's bill)
Geranim pyrenaicum (Hedgerow crane's bil!)
Gueranium robertanum (Herb Robert)
Geranium sanguineum (Bloody crane's bill)
Geramurn sylvaticurn (Woody crane’s bili)
Geum nivale (Water avens)

Geurnn urbanum (Wood avens)

Geum x intermediurn (Hybrid avens)
Glaucium flavum (Yellow homed poppy)
Glawx mantima (Sea milkwort)

Glechomna hederacea (Ground ivy)

Glycena declinata (Small sweet grass)
Glycena fluitans (Floating sweet grass)
Glycena maxima (Reed sweei grass)
Glycena plicata (Plicate swee! grass)
Cnaphahum supinurn (Dwarf cudweed)
Gnaphalum sylvaticum (Heath cudweed)
Gnaphahum uliginosum (Marsh cudweed)
Goodyera repens (Creeping lady's tresses)
Gymnadenia conopsea (Fragrant orchid)



Gymnocarpium dryopteris (Qak fern)

Halimione portulacoides (Sea purslane)

Hedera helix (lvy)

Helianthemum nummulanum (Commeon rock rose)
Heracieum sphondylium (Hogweed)

Hieracium piloseila (Mouse ear hawkweed)
Hippocrepis comosa (Horseshoe vetch)
Hippuris vulgans (Mare's 1ail)

Holcus lanatus (Yorkshire {og)

Holcus mollis (Creeping soft grass)

Honkenya peploides (Sea sandwort)
Hordelymus europaeus (Wood barley)
Hordeum munnum (Wall barley)

Hordeum secalinum (Meadow barley)

Hurmulus fupulus (Hop)

Huperzia selago (Fir clubmoss)

Hyacinthoides non-scripta (Bluebell)
Hydrocharis morsus-ranae (Frogbit)
Hydrocotyle vulgans (Marsh pennywort)
Hylocomium splendens (Glittering feather moss)
Hypencum androsaermum (Tutsan)

Hypericum calycinum (Rose of Sharon)
Hypencum elodes (Marsh St John's wort)
Hypencum hirsutum (Haury St John's wort)
Hypericum humifusum (Trailing St John's wort)
Hypericum maculatum (Imperforate St John's wort)
Hypericum montanum (Pale St John's wort)
Hyperncum perforatum (Perforate St John's wort)
Hypericum pulchrum (Slender St John's wort)

Hypenicum tetrapterum (Square-stalked St John's wort)

Hypericum undulatum (Wavy St John's wort)
flex aquifolium (Holly)

Inula conyza (Ploughman's spikenard)
Inula crithmoides (Golden samphire)
Iris foctidissima (Stinking iris)

iris pseudocorus (Yellow iris)

Isoetes lacustns (Quillwor)

Isolepis cernua (Slender club rush)
Isolepis setacea (Bristle club rush)
Jasione montana (Sheep's bit)

Juncus ambiguus - No English name
Juncus bufonius (Toad rush)

Juncus bulbosus (Bulbous rush)

Juncus castaneus (Chesnut rush)

Juncus conglomeratus (Compact rush)
Juncus effusus (Soft rush)

Juncus gerard: (Saltmarsh rush)

Juncus inflexus (Hard rush)

Juncus manitimus (Sea rush)

Juncus squarrosus (Heath rush)

Juncus subnoduiosus (Blunt-lowered rush)
Juncus tenuis (Slender rush)

Juncus trifidus (Three-leaved rush)
Juncus tnglumis (Three-flowered rush)
Juniperus communis (Juniper)

Kickxia elantine (Sharp-leaved fluellen)
Kickoa spunia (Round-leaved fluellen)
Knautia arvensis (Field scabious)
Koeleria macrantha (Crested hair grass)
Lactuca saligna (Least lettuce)
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Lactuca serriola (Prickly lettuce)

Lamiastrum galeobdoion (Yellow archangel)
Lamium album (White dead nettle)

Lamium amplexicaule (Henbit dead nettle)
Larmium hybndum (Cut-leaved dead nettle)
Larnium purpureum (Red dead nettle)
Lapsana cornmunis (Nipplewort)

Lathyrus montanus (Bitter vetch)

Lathyrus nissolia (Grass veichling)

Lathyrus pratensis (Meadow vetchling)
Legousia hybnda (Venus's looking glass)
Lemna minor (Common duckweed)
Lepidium campestre (Field pepperwort)
Lepidiumn heterophyflum (Smith's cress)
Lepidum latfolium (Ditander)
Leucanthemurm vulgare (Ox eye daisy)
Leucobryum glaucum (White fork moss)
Leymus arenanus (Lyme grass)

Ligusticum scoticum {Scots lovage)
Lugustrum vulgare (Wild privet)

Litium managon {Martagon lily)

Limonium humile (Lax-flowered sea lavender)
Limonium vulgare (Cormmon sea lavender)
Linara vulgans (Common toadflax)

Linum bienne (Pale flax)

Linum catharticum (Fairy flax)

Lipars loeselii (Fen orchid)

Listera cordata (Lesser twayblade)

Listera ovata {Common twayblade)
Lithespermum arvense (Com gromwell)
Litorella uruflora (Shore weed)

Lobelia dortmanna (Water lobelia)
Loiseleuria procumbens (Trailing azalea)
Lolim perenne (Perennial rye grass)
Lonicera periclymenum (Honeysuckle)
Lotus cornicuiatus (Commeon bird's foot trefoil)
Lotus subbifiorus (Hairy bird's foot trefoil)
Lotus tenuis (Narrow-leaved bird's foot trefoil)
Lotus uliginosus (Greater bird's foot trefoil)
Luzula pilosa (Hairy wood rush)

Luzula spicata (Spiked wood rush)

Luzula sylvatica (Great wood rush)

Lychms flos-cuculi (Ragged Robin)
Lycopodium clavatum (Stag's-hom clubmoss)
Lycopsis arvensis (Bugloss)

Lycopus europaeus (Gipsywort)
Lysimachia nemorum (Yellow pimpernel)
Lysimachia nummularia (Creeping [enny)
Lysimachia vulgans (Yellow locsesirife)
Lythrum portula (Water purslane)

Lythrum salicana (Purple loosestrife)
Malus sylvestris (Crab apple)

Malva moschata (Musk mallow)

Malva neglecta (Dwarf mallow)

Maiva sylvestris (Common mallow)
Marrubium vulgare (White horehound)
Matricana matricanioides (Pineappleweed)
Matncana recutita (Scented mayweed)
Meconopsis cambrica (Welsh poppy)
Medicago arabica (Spotted medick)



Medicago lupulina (Black medick)
Melampyrum pralense {Common cow wheat)
Melica unifiora (Wood melick)

Meliitis melissophy lum (Bastard balm)
Menyanthes tnfoliata (Bogbean)

Mercunalis percnnis (Dog's mercury)

Milium effusurm (Wood millet)

Mmuartia verna (Vernal sandwort)

Mnium homum (Swan s neck thread moss)
Moehnngia tnnervia (Taree-nerved sandwort)
Molinia caerulea (Purple moor grass)
Moneses uniflora (One-{lowered winlergreen)
Monua fontana {Blinks)

Mycelis muralis (Wall lettuce)

Myosoton aquaticum (Water chickweed)
Mynica gale (Bog myrile)

Mynophyllum alternifolia (Allernate-lowered water

milfoil)
Myriophyltum spicata (Spiked water mifou)
Mysous arvensis (Fleld lorget-me-not)
Nardus stricta (M:at grass)
Narthecium ossifragum (Bog asphodel)
Nasturtium microphyliuim (Winter cress)
Nasturtium Pﬂ’:’cinale (Water cress)
Nuphar lutea (Yellow waier lily)
Nymphaea alba (White water lily}
Odontites verna (Red bartsia)
Oenanthe crocata (Hemlock water dropwoi)
QOenanthe fistulosa (Tubular water dropwort)
Onomnis repens (Common restharrow)
Ononis spincsa (Spiny restharrow)
Ophioglossurn vulgatum (Adder's tongue)
Ophrys apifera {Bee orchid)
Orchis mascula (Early-purple orchid)
Oreoplens limbosperma (Lemon-scented fern)
Onganum vuigare (Marjoram)
Ormithopus perpusiiius (Bird's foot)
Orobanche minor (Common broomrape)
Osmunda regalis (Royal fern)
Oxalis acetoselia (Wood sorrel)
Oxyna digyna (Mountain sorrel)
Papaver dubium (Long-headed poppy)
Papaver rhoeas (Common poppy)
Parapholis strigosa (Harc grass)
Parentucellia viscosa (Yellow bartsia}
Panetana judacia (Pellitory-cf-the-wall)
Pammnassia palustns (Grass of Parnassus)
Pastinacs sativa (Wild parsnip)
Pediculans palustris (Marsh lousewont)
Pegiculans sylvatica (Lousewort)
Peltigera canina (lichen)
Petasites hybridus (Butterbur)
Petraselinum segetum (Com parsley)
Phalans arundinacea (Reed canary grass)
FPhalans cananensis (Canary grass)
Phalaris minor (Lesser canary grass)
Phegopteris connectilis (Beech fern)
Phragmites australis (Common reed)
Phyteuma orbiculare (Round-headed rampion)
Picnis echicides (Brisily ox tongue)
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Picns hieraciodes (Hawkweed ox tongue)
Pimpinella major (Greater burnet saxifrage)
Pimpinella saxifraga (Burnet saxifrage)
Pinguicula lusitanica (Pale buterwort)
Pinguicula vulgans (Common butterwon)
Plagiommum undulatum (moss)

Plagrothecium denticulatum {Sharp fem-like feather moss)
Plagiothecium undulatum {moss)

Plantago coronopus (Buck's-horn plantain)
Plantago lanceclata (Ripwort plantain)

Plantago major (Greater plantain)

Plantago maritima (Sea plantain)

Plantago media (Hoary plantain)

Platanthera bifolia (Lesser butterfly orchid)
Platanthera chiorantha (Greater butterfly orchid)
Pleurozium schreben (Red stemmed feather moss)
Poa angustifolia (Narrow-leaved meadow grass)
Poa annua (Annual meadow grass)

Poa compressa (Flattened meadow grass)

Poa pratensis (Smooth meadow grass)

Poa subcaerulea (Spreading meadow grass)
Polygala calcarea (Chalk milkwors)
Polygonatum multflorum (Solomon's seal)
Polygonum amphibium (Amphibious bisort)
Polygonum arenastrum (Small-leaved knotgrass)
Polygonum aviculare (Knotgrass)

Polygonum bistorta (Common bistort)
Polygonum hydropiper (Water pepper)
Polygonurn lapathifolium (Pale persicana)
Polygonum mite (Tasteless water pepper)
Poelygonum persicaria (Redshank)

Polygonum viviparum (Alpine bistort)
Polypodium vulgare (Polypody)

Fopulus tremuia (Aspen)

Potamogeton natans {Broad-leaved pondweed)
Potarmogeton polygonifolius (Bog pondweed)
Potentilia anglica (Traling tormentil)

Potentila anserina (Silverweed)

Potentila erecta (Tormemi])

Potentiia palustnis (Marsh cinquefoil)

Potentilla reptans (Creeping cinquefoll)
Potentilia sterilis (Barren strawberry)

Pnmuia elator {Oxlip)

Primula vens (Cowslip)}

Prirnula vulgans (Primrose)

Prunelia vulgans (Seltheal)

Prunus avium (Wild cherry)

Prunus padus (Bird cherry)

Prunus spinosa (Blackthorn)

Pseudorctus aibida (Small-whiie orchid)
Pseudoscleropodium purum (Neat meadow feather moss)
Ptendium aquilinum (Bracken) '
Puccinellia distans (Reflexed saltmarsh grass)
Puccinellia fasciculata (Borrer's saltmarsh grass)
Puccinellla maritma (Common saltmarsh grass)
Pulicana dysentenca (Common fleabane)
Pulmonana officinalis (Lungwon)

Pyrola munor (Common wintergreen)
Ranunculus acris (Meadow buttercup)
Ranunculus aquatilis (Common water crowfoot)



Ranunculus arvensts (Corn crowfoot)

Ranunculus auncomus (Wood crowfoot)

Ranunculus buibosus (Bulbous buttercup)

Ranunculus ficaria (Lesser celandine)

Ranunculus flammula (Lesser spearwort)

Ranunculus fluttans

Ranunculus hederaceus (Ivy-leaved crowfool)

Ranunculus lingua (Great spearwort)

Ranunculus omiophylius - No English name

Ranunculus parnifiorus (Small-lowered bunercup)

Ranunculus peltatus - No English name

Ranunculus penicillatus - No English name

Ranuncuius repens (Creeping buttercup)

Ranunculus sardous (Hairy buttercup)

Ranunculus sceleratus (Celery-leaved buttercup)

Ranuncuius trichophylius - No English name

Raphanus mantimus (Sea radish)

Raphanus raphanistrum (Wild radish)

Reseda hitea (Wild mignonetie)

Rhacormtrium lanuginosum (Woolly fringe moss)

Rhamnus catharticus (Buckthorn)

Rhizomnium punctatum (moss)

Rhynchospora alba (White beak sedge)

Rhytidiadelphus loreus (rmoss)

Rhyticiadelphus squarrosus (Drooping-leaved
feather moss)

Rhytidiadelphus triquetrus (Triangular-leaved
feather moss)

Rubes uva-cnispa (Gooseberry)

Rorippa amphibia (Great yellow cress)

Rorippa islandica (Northern marsh yellow cress)

Rorippa palustns (Common marsh yellow cress)

Rorippa sylvestris (Creeping yellow cress)

Rubia peregrina (Wild madder)

Rubus cacsius (Dewberry)

Rubus chamaemorus (Cloudberry)

Rubus idaeus (Rasberry)

Rubus saxatlis (Stone bramble)

Rumex acetosa (Common sorrel)

Rumex acetosella (Sheep s so?rel)

Rumex crispus (Curled dock)

Rumex hydrolapathum (Water dock)

Rumex longifolius (Northern dock)

Rumex marnitimus (Golden dock)

Rumex obtusifolius (Broad-leaved dock)

Rumex palustrns (Marsh dock)

Rummex pulcher (Fiddle dock)

Rumex rupestns (Shore dock)

Ruscus aculeatus (Buicher's broom)

Sagittana sagittifolia (Arrowhead)

Sambucus nigra (Elder)

Samolus valerandi (Brookweed)

Sanguisorba minor (Salad burnet)

Sanguisorba officinalis (Great burnet)

Sanicula curopaea (Sanicle)

Sarcocomnia perennis - No English name

Saxifraga aizoides (Yellow saxifrage)

Saxifraga granulata (Meadow saxifrage)

Saxifraga hypnoides (Mossy saxifrage)

Saxifraga oppositifolia (Purple saxifrage)
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Saxifraga stellans (Starry saxifrage)

Scabiosa columbaria (Small scabious)

Schoenoplectus lacustns (Common c¢lub rush)

Schoenus migricans (Black bog rush)

Scilla autumnais (Autumn squill)

Sculla verna (Spring squill)

Scirpus mantimus (Sea club rush)

Scurpus sylvaticus (Woed club rush)

Scrophularia aunculata (Water figworn)

Scrophulana nodosa (Common figwort)

Scutellana galenculata (Skullcap)

Scutellana minor (Lesser skullcap)

Sedum album (Wh:te stonecrop)

Sedum forsteranum (Rock stonecrop)

Sedum rosea (Roseroot)

Sedum telephinum (Crpine)

Sedum vitlosum (Hairy stonecrop)

Selaginella selaginoides (Lesser clubmoss)

Senecio aquaticus (Marsh ragwort)

Senccio congestus (Marsh fleawort)

Senecio erucifolius (Hoary ragwon)

Senccio integrifolius (Field fleawort)

Senecio jacobaea (Common ragwort)

Senecio sylvaticus (Wood groundsel)

Senecio viscosus (Sticky groundsel)

Senecto vulganis (Groundsel)

Serratuia tinctona (Saw wort)

Sesclr ltbanotis (Moon carrot)

Seslena albicans (Blue moor grass)

Sherardra arvensis (Field madder)

Sibthorpia europaea (Cornish moneywort)

Silaum silaus (Pepper saxifrage)

Silene dioica (Red campicn)

Silene latifolia (White campion)

Stlene maritirna {Sea campion)

Silene vulgans (Bladder campion)

Sison amomum (Stone parsley)

Sisymbnum altssimum (Tall rocket)

Sisymbnum officinale (Hedge mustard)

Smyrmiwm olusatrum (Alexanders)

Solidago virgaurea (Goldenrod)

Sonchus arvensis (Perenmal sow thistle)

Sonchus asper (Prickly sow thistle)

Sonchus oleraceus (Smooth sow thistle)

Sonchus palustris (Marsh sow thistle)

Sorbus ana (Common whitebeam)

Sorbus aucupana (Rowan)

Sorbus torminalis (Wid sernice tree)

Sparganium emersurn (Unbranched bur reed)

Sparganium erectum (Branched bur reed)

Spergulana marginata (Greater sea spurrey)

Spergularia rarina (Lesser sea spurrey)

Spergulana rubra (Sand spurrey)

Spiranthes spiralis (Autumn lady’s tresses)

Stachys x ambigua (hybrid, probably Hedge
woundwort)

Stachys arvensis (Field woundwort)

Stachys officinalis (Betony)

Stachys palustris (Marsh woundwort)

Stachys sylvatica (Hedge woundwort)



Stellana alsine (Bog stitchwort)

Stellania graminea (Lesser stiichwort)
Stellana holostea (Greater stitchwort)
Stellania media (Common chickweed)
Stellana neqlecta (Greater chickweed)
Stellaria nemorum (Wood stitchwort)
Stellana palustris (Marsh stitchwort)
Suacda marnitima (Annuai sea blite)
Suaeda vera (Shrubby seablite)
Subulana aquatica (Awlwort)

Succisa pratensis (Devils'-bit scabious)
Symphytum officinale (Common comfrey)
Symphytum tuberosum (Tubercus comfrey)
Symphytum uplandicum (Russian comfrey)
Tamus communis (Black bryony)
Tanaceturn vulgare (Tansy)

Taxus baccata (Yew)

Teucriurn scorodoma (Wood sage)
Thesum humifusum (Bastard toadflax)
‘Thiaspr arvense (Field penny cress)
Thuidium tamariscinum {moss)

Tiia cordata (Small-leaved Lime)

TWia platyphyllos (Large-leaved lime)
Tofteldia pustiifata (Sconish asphodel)
Tonlis japonica (Upright hedge parsley)
Tonlis nodusa (Knotted hedge parsley)
Tragopogon pratensis (Goat's beard)
Trichophorum caespitosum (Deergrass)
Trientalis europaea (Chickweed wintergreen)
Trifollum arvense (Hare's-foot clover)
Tnfolium campestre (Hop irefoil)
Trfolium dubium (Lesser trefoil)

Trifolium fragiferum (Strawberry clover)
Trifolium medium (Zigzag clover)
Trifolium micranthum (Slender trefoil)
Trifoliurn pratense (Red clover)

Trifohum repens (White ciover)

Trifolium squamosum (Sea clover)
Tnfolurn striatum (Knotted clover)
Tnglochin mantma (Sea arrowgrass)
Triglochin palustnis (Marsh arrowgrass)
Tnseturn avescens (Yellow oat grass)
Tussilago farfara (Colt's foot)

Typha angustifolium (Lesser bulrush)
Typha latifolia (Bulrush)

Ulex europaeus (Gorse)

Umbilicus rupestns (Navelwor:)

Urtica dioica (Common nettle)

Urtica urens (Small nettle)

Utnculana intermedia (Iniermediate bladderwort)
Utniculana minor (Lesser bladderwort)
Vaccintum myrtiflus (Bilberry)

Vaccinium oxycoccus (Cranberry)
Vaccinium vhiginosum (Bog bilberry)
Vaccinium vilis-idaea (Cowberry)
Valenana dioica (Marsh valerian)
Valeriana officinalis (Common valerian)
Verbascurn nugrurn (Dark mullein)
Verbascurn thapsus (Great mullein)
Veronica agrestis (Green field speedwell)
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Veronica anagaliis-aquatica (Blue water speedwell)
Veronica arvensis (Wall speedwell)

Veronica beccabunga (Brooklime)

Veronica catenata (Pink water speedwell)
Veronica chamaedrys (Germander speedwell)
Veronica filiformis (Slender speedwell)
Veronica hederifolia (lvy-leaved speedwell)
Veronica montana (Wood speedwell)

Veronica offictnalis (Heath speedwell)
Veronica persica (Common field speedwell)
Veronica polita (Grey field speedwell)
Veronica scutellata (Marsh speedwell)
Veronica serpyllifolia (Thyme-leaved speedwell)
Vibernum lantana (Wayfaring iree)

Viburnum opulus (Guelder rose)

Vicia bithynica (Bithynian vetch)

Victa cracca (Tufted veich)

Vicia hirsuta (Hairy tare)

Vicia sativa (Common vetch)

Vicra sepium (Bush veich)

Vicia sylvatica (Wood vetch)

Vicia tetrasperma (Smooth tare)

Vinca minor (Lesser periwinkle)

Viola arvensis (Field pansy)

Viola canina (Heath dog vicler)

Viola hinta (Hairy violet)

Viola lutea (Mountain pansy)

Viola odorata (Swee! violet)

Viola palustns (Marsh violet)

Viola tricolor (Wild pansy)

Viscum album (Mistletoe)

Vulpia bromoides (Squirrel tail fescue)

Vuipia myuros (Rat's tail fescue)

Wahlenbergia hederacea (Ivy-leaved bellllower)
Wollfia arrhiza (Rootless duckweed)
Zannichellia palustns (Homed pondweed)



1990 Mapping code list

PUYSIOGRAPHYANLAND WATERACOASTAL

V CLiff > 30m high

2 Cliff 5-30m high

3 Rock ouicrop & cliff < 5m
4 Scree

$ Surfuce bouldens

6 Limestooe pavement

T Peat hags

8 Cument peat workings

9 OW peat workings

10 Suil eronion

Lt Ground levelting
12 100% rock

13 > 50% rock

14 10-50% axch

15 100% peat

16 > 50% peat

17 10-50% peat

31 Clitf > 30m high

AGRICULTUREMNATURAL YEGETATION

101 Lowland agricultural grass
102 Upland grass

103 Mowrland - grass

104 Muorland - shrub heath
105 Calcarcous grasslang

106 Maritime vegetation

107 Lowland heath

108 Aquatic macrophyles

109 Aquatic marginal vegenation
110 Raised bog

111 Blanker bog

112 Valley bug

113 Fen

114 Mansh

115 Flush

116 Salimarsh

117 Wheat

118 Barley

119 Quis

120 Sugur beat

121 Turnipswedesfroals
122 Kale

123 Potatoes

124 Field beans

125 Peas

126 Maize

127 Rye

128 (nlseed rape

129 (xher crop

130 Flowen

131 Commercial horticulure
132 Orchard

133 Unmanaped grass
134 Tall herb vegetation
136 Ley

137 Unimproved griss

FORESTRY/MWOODLANINTREES

201 Individual rees

202 Scautered trees

203 Line of wrees

204 Belt of trees

205 Clump of trees

206 Woudland!fores

207 Individual scrub species
208 Scattered scrub

209 Line of scrub

210 Patch of s¢rub

215 Closed canopy

216 Canopies not touching
217 Hedgerow

218 Purkiand

236 Elder

237 Elm

221 Fir - Douglas
222 Larch

223 Pine - Consican
224 Pine - Lodgepoke
225 Pine - Scots

226 Spruce - Norway
227 Spruce - Sika
228 Unspecified concfer
231 Alder

232 Ash

233 Beech

234 Birch

235 Bramble

238 Field maple

BOUNDARIES AND RECREATION

301 Dry-stone wall

302 Maoxtared wall

303 Onher wall

31 Fence - woud only
312 Fence - iton only
313 Fence - wire on posts

314 Ouher fence
321 Hedge > 50% hawthom

322 Hedge > 50% other species

323 Mixed hedge
331 Stone bank
332 Eanh bank

BUILDINGSSTRUCTURES/CCOMMUNICATIONS

40! Building

402 Garden/grounds with irees
403 Garden/grounds without 1rees
404 Public open space

405 Amenity grass > Lha

406 Allotments

407 Car park

408 Glasshouse

409 Garden cenue/nursery
410 Embankment

411 Other land

421 Residential

422 Commergial

UNIVERSAL CODES
888 New 10 map

423 Industrial

424 Public service & facilities
425 Institutional

426 Educatinalcultural
427 Religious

428 Agncultural

429 Sporting/recreational
430 Waste - domeslic
431 Waste - industrial
432 Quarry/mine

433 Gravel pit

44| New

442 Vacan

999 No longer o mag

32 CIf 5-30m high

33 Roek outcrop and clifl < Sm
34 Rocky/boulder shore

35 Pebble/gravel shore

36 Sundy shore (ur dune)

37 Bare mud

38 Sea

51 Lake - nutural

52 Lahe - anificial

138 Forbs 10-25% (grass)
139 Forbs 25-50% (grass)
140 Forbs > 50% (grass)
14) Neglected

142 Abandoned

143 Ploughed

144 Burmy

145 Muwn

146 Lolium multillorum
147 Lolium perenne

148 Trifolium repens

149 Daciylis glomerata
150 Anthoranthum odoratum
151 Phleum pratense

152 Cynosurus cristalus
153 Holcus lanatus

154 Agrostis tenuis

155 Festuca aving

239 Gorse

240 Hawthom

24] Hombeam

242 Lime

243 Qak

244 Poplar

245 Rowan

246 Sweel chesthut
247 Sycamore

248 Willow

250 Mixed broadleaf
251 Maxed conifer
252 Unspecified broadieaf
256 25-50%

257 50-75%

333 Girass srip unly
341 > 2m high
342 1-2m high
343 < tm high
351 Stockprool
352 Not stockproof

443 Derelict

451 Railway track/and
452 Road (tarmac)

453 Verge < Im

454 Verge |-5m

455 Verpe > Sm

456 Constructed track

457 Unconstructed track
458 Foutpath (exclusive)
459 Footpath (ather)

460 Sausfactory throughout
461 Parts in poor condition
462 Impassablesdifficult
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53 Rives

54 Canalised niver
55 Canal

56 Sircam

57 Roudside ditch
58 Other duich

59 Spring

60 Well

61 Signs of druinage

156 Preridium aquilinum - dense
157 Meridwm aquilinum - scatiered
158 Juncus eflfusus

159 Deschampsiafleswna

160 Nardus stricta

161 Calluna vulgaris

162 Vaccinivm myrilus

163 Mulinia caetulea

164 Eriophorum angustifoliom
165 Enophorum vagindum

166 Trichorophorum caeapitisum
167 Sphagnum spp.

168 Juncus squarrosus

175 25-50%

176 50-75%

177 75-95%

178 95.100%

179 < 10cm

258 75-95%

259 95-100%

261 1-4 yean

262 5-20 yeurs

263 20-100 vean

264 > 100 years

266 Timber production
267 l.andscape

268 Spurting/game

269 Public recreation

270 Nature consgrvation
271 Shelier

275 Well managed

276 Unmanaged - thriving
277 Unmanaged - improvable

353 Filled gaps < 10%
354 Filled gaps > 10%
355 Signs of replacement
356 Signs of removal
357 Tnmmed

358 Uncut

463 Difficult stile/gate
464 Difficult bridge
465 Difficult fenceswall
466 Ploughed/crops
467 Natural vegetation
468 Muddy/flonded
469 Fallen reexnck
470 Bull(s)

471 Onher difficulty

501 Schoul playing fields
502 Other playing fiekds
503 Golf course

504 Race wruck

62 Waterfall
63 Guige

64 Levee

65 Bank < Im
&6 Bunk 1-5m
67 Bunk > 5m

180 10-30cm

181 30-50cm
i8205-1m

183 1-1.5m

184 > 1.5m

185 Beel

186 Drary

187 Brecden

188 Duzl purpose
189 Sheep

190 Goats (with nn)
191 Hures (with )
192 Pigs

193 Silage

194 Hay

195 Deer

196 Grouse

197 No apparent use

278 Decliring

281 Felhing/stumps

282 Natural regeneralion
283 Underplanting

285 Ploughed lund

286 Staked trees

287 Tree protecton

288 Fenced (single trees)
289 Windblow

290 Dead standing rees
291 Regrowth - cut stump
292 Grazing (stock}

293 Ride/firebreak

294 Brachen - dense

295 Bracken - scullered

359 Derelict

360 Line of rehct hedge
361 Laying

362 Flailing

363 Regrowth fTom stumps
364 Brachen present

505 Tennis courts

506 Buoating area

507 Suwtic caravan(y)

508 Tuouring caravan park
509 Camp site

510 Launch site

S Other designated area
521 Honsiculture

522 Angling

523 Boal - inland waler
524 Other recreation



1984 Mapping code list

PHYSIOGRAPHY/INLAND WATER/COASTAL

I Cliff > 30m high
2 CIiff 5-30m high

3 Rock outcrop &cliff < Sm high

4 Scree

5 Surface boulders

6 Isolated boulders

7 Limestone pavement
£ 100% rock

9 > 50% rock

10 10-50% rock

11 Stable raw peat
12 Eroding raw peat

13 Current domestic peat workings
14 Current commercial peat work's

15 Old peat workings
16 Soil erosion

17 Ground leveling
26 CIliff > 30m high
27 CIiff 5-30m high
28 Rocky shore

AGRICULTURE/NATURAL VEGETATION

100 Amenity grass > I ha
101 Ley

102 Permanent Pasture
103 Upland Grassland

104 Moorland - grass

105 Moorland - shrub heath
106 Herb-rich grassland
107 Maritime grass

108 Lowland heath

109 Aquatic macrophytes
110 Aquatic marginal veg.
111 Bog

112 Fen

113 Marsh

114 Flush - calcareous

115 Flush - non-calcareous
116 Saltmarsh

117 Wheat

118 Barley

119 Outs

120 Mixed grain

121 Sugar beet

122 Tumips/Swedes/Roots
123 Kale

124 Potatoes

125 Field beans
126 Peas

127 Lucerne

128 Maize

129 Rye

130 Qilseed rape
131 Other crop ....
132 Flowers

133 Commercial horticulture

FORESTRY/WOODLAND/TREES

200 Scattered trees
201 Woodland/Forest
202 Coppice

203 Scrub

204 Copse

205 Gillside

206 Shrub

207 Line of trees
208 Belt

209 Individual trees
210 Hedgerow tree
211 Corsican pine
212 Scots pine

213 Lodgepole pine

214 Norway spruce
215 Sitka spruce

216 Douglas fir

217 Larch

218 Western hemlock
219 Western red cedar
220 Other conifer

221 Elm

222 Ouk

223 Beech

224 Ash

225 Sycamore

226 Birch

227 Poplar

BOUNDARIES AND RECREATION

301 Dry stone
302 Mortared

303 Other............
304 Wood only
305 Iron only

306 Wire

307 Other

310 >50% Hawthomn
311 >50% Beech
312 >50% Willow
313 >50% Gorse

314 >50% Other

315 Mixed hedge

316 Hedge trimmed
317 Hedge uncut

318 Hedge derelict

319 Line of relict hedge
320 Laying

321 Flailing

322 Stone

323 Earth

BUILDINGS/STRUCTURES/COMMUNICATIONS

401 Building
402 Garden/Grounds with trees

403 Garden/Grounds without trees

405 Public Open space
406 Alloiments
407 Car park

411 Residential
412 Commercial
413 Industrial

UNIVERSAL CODES
888 New to map

414 Public Service & facilities

415 Institutional

416 Educational/Cultural
417 Religious

418 Agriculwral

419 Forestry

420 Sporting/Recreational
421 Waste domestic

422 Waste industrial

423 Quarry/Mine

29 Pebble/gravel shore
30 Sandy shore

31 Sand dune

32 Bare mud

36 Lake natural

37 Lake anificial

38 Pond natural

39 Pond artificial

40 River

4] Canalised river

134 Commercial glasshouse
135 Soft fruit............

136 Garden Centre/Nursery
137 Ploughed

138 Vacant

139 Abandoned/Neglected
140 Burnt

141 Fallow

151 Lolium multiflorum
152 Lolium perenne

153 Dactylis glomerata
154 Cynosurus cristatus
155 Holcus lanatus

156 Agrostis tenuis

157 Festuca ovina

158 Preridium aquilinum
159 Juncus effusus

228 Alder

229 Lime

230 Willow

231 Hawthorn

232 Gorse

233 Bramble

234 Other broadleaf
235 Mixed softwoods
236 Mixed hardwoods
241 Commercial

242 Domestic

243 Timber production
244 Fuelwood production
245 Conservation

331 >2m high

332 <2m high

333 <Im high

335 Stockproof

336 Not stockproof

337 Filled gaps < 10%
338 Filled gaps > 10%
339 Signs of replacement
340 Signs of removal
341 No longer present

431 New

432 Vacant

433 Derelict

441 Bridge

442 Tunnel

443 Dam

444 Pipeline (above)
445 Pylon

446 Other pole............
447 Silo
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42 Canal

43 Stream

44 Roadside ditch
45 Other ditch

46 Spring

47 Well

48 Signs of Drainage
51 Rock

52 Sand/Gravel

53 Mud

160 Deschampsia flexuosa
161 Nardus stricta

162 Calluna vulgaris

163 Vaccinium mynillus

164 Molinia caerulia

165 Eriophorum angustifolium
166 Eriophorum vaginatum
167 Tricophorum cespitosum
168 Sphagnum spp.

169 Juncus squarrosus

171 Beef

172 Dairy

173 Dual purpose

174 Sheep

175 Goats (with no.)

176 Horses (with no.)

177 Pigs

246 Amenity

247 Recreation

248 Grazing - agricultural
249 Shelter

250 Game/Sporting

255 25-50%

256 50-75%

257 75-95%

258 95-100%

261 Unmanaged

262 Cutting/Brashing
263 Felling/Stumps

264 Natural regeneration
265 Underplanting

342 Derelict

343 Burmt

351 School playing-fields
352 Other playing-fields

353 Golf course

354 Race track............

355 Tennis couns

356 Boating area

359 Static informal Caravans
360 Static formal Caravans

448 Silage pit/clamp

449 Other agricultural store
450 Snow-fence

451 Speed restriction

461 Road (1armac)

462 Verge <Im

463 Verge <5Sm

464 Verge >5m

465 Constructed track

466 Unconstructed track

54 Peat

55 Lake shore

56 Riverbank

57 River substrate
58 Stream substrate
59 Waterfall

60 Rapids

61 Gorge

62 Levee

178 Farmyard Poultry
179 Commercial Poultry
180 Silage

181 Hay

182 Bailed straw

183 Produce for sale
184 Fish farm............
190 25-50%

191 50-75%

192 75-95%

193 95-100%

194 < 10cm

195 < 30cm

196 < 50cm

197 < Im

198 < 1.5m

199 > 1.5m

266 Plantation

267 Planted

268 Ploughed land

269 Staked trees

270 Tuley tubes

271 Fenced single trees
272 Windblow

273 Dead standing trees
274 Re-growth - cut stump
281 1-4 yrs.

282 5-20 yrs.

283 >20 yrs.

284 >100 yrs.

361 Touring Caravan Park
362 Camp site

371 Horse jumps

372 Other horse accessories
373 Angling notice

374 Angling platform

375 Boat-house

376 Boat - inland water
378 Nature trail

379 Information point

467 Footpath (exclusive)
468 Footpath (other)
469 Railway track

470 Other railway land
471 Embankment

472 Airporv/Aerodrome
473 Informal barrier



Descriptions of land cover/use categories from the field survey

| Wheat

2 Barley ...ccoiiiiiiiiiinnnn, Includes winter and spring barley

4 Mixed and other cereals ... Includes rye tnticale and mixed corn
5 Maize
6 Turnips/swedes
7 Kale
8 Oil-seed rape
9 Crucifer crops Includes mustard but not OSR
10 Peas
11 Field beans

12 Legumes ......cccoeeeviiiiineennnnns Includes sainfoin, lucerne lupin but not peas or f£eld beans
‘13 Sugar beet
15 Rootcrops..........cceecnneeeenn. NOU turmp/swede/potato
14 Potatoes
16 Other field crops ............... Other non-horticultural field crops such as hinsead. sunflower
17 Horticulture ....................... Charactensed by small plots of widely differing crop types within a small
area Includes flowers.
18 Non-cropped arable .......... Ploughed and fallow , includes rotational Set-aside
19 Perennial crops ................. Woody perenmal crops such as orchards, vineyards.hops and soft {frunt

20 Recreational (mown) grass. Non-agricultural grass. includes amenity grass, playing fields. golf
courses, louring caravan parks and campsies

2] Recently sown grass .......... Includes short term agricultural grass which has been reseeded in the
' last five years. Characterised by evidence of ploughing, bare soil
between grass iillers. scarcity of broad eaf species and usually
dominated by single planted grass species

22 Pure rye-grass ................... Established ryegrass swards with 50 to 95% cover of Lolium and up to
' 25% cover of Trifolium repens {white clover) or other planted grass
species.
23 Well-managed grass .......... Mixtures of Loliurn (ryegrass) and Trifolium repens (whiie clover) where

l.olium cover does not exceed 50% or cover dominated by other planted
grass (eg Dactylis gloincrata (cocksfoot) or Phleumn pratense (1imothy))

24 Weedy swards with ........... Swards with 25 to 50% lofhurn cover and more than 25% cover of non-
>25% rye-grass sown grasses, broadleaf weeds or rushes
25 Non-agriculturally ............. Unimproved or little improved grassland in an enclosed situation.
-improved grass Contains many palatable grasses bui sward composition has not been

aliered by treatment with fertilisers, pesticides, drainage or re-seeding.
Excludes calcareous grass. actd grass and moorland.

26_ CalCarqous grass ............... Unimproved, often unenclosed, grasslands found on calcareous soils (pH
>7.0). Contains a high proportion of calcicole species found on
limestone, chalk, dunes and machair.

27 Upland grass ..........cocceeeunee Unimproved natural grassland, most frequently in an upland situation,
usually on mineral soils (pH <5.5). Contains a high proportion of
palatable grasses including Festuca ovina, Agrostis capullars,
Anthoxanthum odoratum and Galium saxatile.
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28

29

30

31

32

33

34

35
36

37

38

39

40

41

43

44

45
46

47

48

49

Dense bracken ..................

Purple moor grass-............
dominated moorland

Moorland grass ..................
(other than purple)

Unmanaged grassland .......
and tall herb

Berry-bush heath ...............

Drner northern bogs ...........

Wet heaths and saturated ..
bogs
Conifer woodland ..............

Mixed woodland ................

Broadleaved woodland ......

Felled woodland ................

Inland rocks and screes .....

Still water .......cccovivevvnninnnen.
Running water ...................
Wetland .............ccooiiniennnes

Intertidal soft coast ............
without vegetation

Hard coast withno .............
vegetation

Maritime vegetation ..........

Herbaceous vegetaiion dominaied by Preridium aquilinum Excludes
woodland with Pteridiurn dominated ground flora.

Coarse unimproved upland grass in a moorland setting Areas are
usually unenclosed, often litile grazed, on soils with a peaty top. Cover of
Molinia (purple moor grass) exceeds 50%.

Coarse upland grass in a moorland setting, usually dominated by species
such as Nardus stricta, Deschampsia flexuosa and Juncus squarrosus.

Semi-natural vegetation, ofien i1 wet or disturbed positions and
dominated by 1all herbs (eg Artenusia vuigars, Anthriscus sylvestrs, and
Eplobium hirsutum). Contains areas of vegetaiion typical of the margins
of water bodies {eg Phalaris arundinacea, Eupatorium cannabinum and
Mentha aqualica)

Heathland with >75% cover of Calluna and/or Enca. Includes dune heath
which occurs on consolidated and flattened dunes.

Heathland with 25 to 75% cover of Calluna and/or Erica, in a mosas with
grassy herbaceous vegetation. Includes lowland wet heath, where the
ericeid element is hugh.

Heathland with >25% cover of Vaccinium + Empetrum + Arctostaphylos
and <25% cover of Calluna ~ Erica

Mosily with Enophorum vaginatum and ofien Vaccimum myrtilus.

Includes very wet heaths with low ericoid cover. Vegetation
characterised by Trichophorum and Eriophorum angustiiclium

Woodland where B0% or more of the tree canopy is of coniferous
species. including Larch

Mixture of conferous and broadleaved species (semi-natural or
planied), where both comprise >20% of the canopy cover.

Woodland where 80% or more of the tree canopy is of broadleaved
species

Consists predominantly of shrubby species, oftlen with tree generation
and brambles. Includes species such as Crataegus monogyna, Prunus
spinosa and Salix.

Areas of felled woodland in which woody regeneration is less than 1 m
high; includes felled coppice

Area where >50% of the land surface is covered by rock; includes cliffs,
rock outcrops, limestone pavements and screes..

Lake, pond, mere, reservoir
River, canal
Includes fen. marsh and flush.

Includes intertidal mud flat and sand flat, sandy shore and pebble/gravel
shore.

Intertidal sand-, silt- or mud-based habitats, colonised by halophytic
grasses such as Puccinellia spp and Spartina spp. rushes such as juncus
gerardi and herbs such as Limonium spp.

Onshore wind-carried sand deposits arranged in cordons of ridges
parallel to the coast. Also inland wind blown sand deposits. Either open
or with semi-natural grassland.

Includes intertidal seaweed covered boulders, rocky boulder shore (not
vegetated). rocks and clffs

.Vegetation found in coastal situations, usually herb-rich with halophytic

species present due to salt spray.
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51
52

53
54
55
56

58

Agmcultural buildings ........
Residential buildings .........
Other buildings ..................
Waste and derelict land .....

Hard areas without .............
buildings

Quarries and extractive .....
industries

Includes all track and associated land

Includes any road. whether private or not. which is totally tarmac or
concrete across its width.

Includes sheds.barns and silos as well as commercial glasshouses.
Dwellings and associated land

Includes commerctal, industrial, public service and other facilities
Includes domestic and industrial waste land as well as allotment land

Unvegetated derelict land, building sites, car parks, ungrassed
recreational grounds and public spaces.

Gravel pit, quarry, opencast mine

160



Descriptions of satellite target cover classes

0

10

t4

Unclassified: Cover types which did not it
into the 25 ‘target’ classes

Sea/estuary. Sea, coastal waiers and
estuaries, inland to the first bridging point or
barrier.

Inland water: Inlard freshwaters and
estuarine waters above the first bridging
point or barrier.

Coastal bare ground (beach/mudflats/
cliffs): Bare coastal mud. silt, sand, shingle
and rock. including coastal accretion and
erosion features above hugh water.

Saltmarsh: Intertidal seaweed beds and
salimarshes up to normal levels of high water
spring tides

Grass heath: Semi-naturai, mostly ac:d.
grasslands of dunes, heaths and lowland/
upland margins.

Mown/grazed turf Pastures and amenity
swards, mown or grazed, to form a turf
throughout the growing season.

Meadow/verge/semi-natural swards:
Meadows, verges, low-intensity amenity
grasslands and semi-natural cropped
swards. not maintaned as a short turf.

Rough grass/marsh: Lowland marsh/rough
grasslands, mostly uncropped and
unmanaged. forming grass and herbaceous
communities, of mostly perenmnal species,
with high winter-liiter content.

Moorland grass: Montane/hill grasslands,
mostly unenclosed Nardus/Mofinia moorland.

Open shrub moor: Up:and, dwarf shrub/
grass moarland

Dense shrub moor: Upland evergreen
dwarf shrub-dominated moorland.

Bracken: Bracken-dominated herbaceous
communities.

Dense shrub heath- Lowland evergreen
shrub-dominated heathland.

Scrub/orchard: Deciduous scrub ard
orchards.

161

15

18

19

20

21

22

23

24

25

Deciduous woodland:. Deciduous
broadleaved and mixed woodlands.

Conifercus/evergreen woodland: Conifer
and broadleaved evergreen trees

Upland bog: Upland herbaceous wetlands
with permanent or temporary standing water.

Tilled land (arable crops): Arable and
other seasenally or temporarily bare ground

Ruderal weed: Ruderal weeds colonising
natural and man-made bare ground

Suburban/rural development: Suburban
and rural developed land comprising
buildings and/ or roads but with some cover
of permanent vegetation.

Urban development: Industrial, urban and
any other developments, lacking permanent
vegetation.

Inland bare ground: Ground bare of
vegetation, surfaced with 'natural’ matenals.

Felled forest: Felled forest, with ruderal
weeds and rough grass.

Lowland bog: Lowland herbaceous
wellands with permanerm or tempory
standing water.

Open shrub heath Lowland, dwarf shrub/
grass heatnland
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Appendix 3 STATISTICAL ASPECTS OF THE FIELD

SURVEYS

A3.1  'This surnmary provides details of the
statistical rationale and methedology used
to estimate land cover and change in the
countryside surveys carried out in 1978,
1984 ard 1990. lt includes brief
background statistical details on the | km
square classification used to provide the
stratified sampling frame and of the
formulae used 10 derive field survey stock
and change estunates and theu errors
{'stock’ here being the amount at one point
m time}.

To ensure consistency, exactly the same

. estimation methods have been used in
deriving ihe published field survey results
as input and used in the associaied
Countryside Information System {CIS).

A3.3 The stausncal definitions and mathematical
formulae are given 1n Appendix 3a. Nearly
all the basic staiistical rationale and
methods of estimation used are based by

Cechran (1977).

Stratification into Land Classes

A3.4 Al three field surveys were based on a
stratified random sampling scheme using a
| kan square classificatior: into 32 ITE Land
Classes as the strata. In this context, the
terms ‘'Land Class’ and ‘straum’ are
equvalent. The original I[TE classification
was based on classifying a systematic grid
of ¢ 1200 1 Jan squares spread throughout
Great Britamn (GB). using Ordnance Survey
(OS) map-derived land characteristics
(Appendix 1). This imtal classification was
used as the stratfication for the 1978 and
1984 surveys

A35 For the 1978 field survey, because interest
was (n all the Land Classes themselves as
ecological types, equal numbers (n=8) of 1
km squares were sampled from each Land
Class irrespective of their estimated relative
areas in GB. in 1984, these squares were
nearly all resurveyed together with an
additional four new randomly selected
squares from each Land Class, giving a total
sample size 0 384 | kan squares.

A36 In 1990. the classificat:or. was revised using

multivanate discrimination techniques on a

reduced set of environmenial atiributes to
enable all 240 000 | lan squares in GB to be
classified. This has elminated any
estimation error due to not knowing the true
sizes of each Land Class.
A37 However, 1t has meant that some squares in
the original classificaton and earlier field
surveys have now moved Land Classes,
because all 1 kan squares were assigned to
a Land Class using the revised classification
key Stricily speaking. the original strata
sample sizes should have been proportional
1o original stratum total areas to permit their
re-allocation to the revised classification. as
a form of post or retrospective stratification
{Cochran, ppl34-135). However, the Land
Classification is only a dissection of what is
really a coniinuum in environmental
var:atuon. Moreover, nearly all of the
changes in Land Class are berween
‘neighbouring’ similar Land Classes in the
sense of the hierarchical divisive tree
structure of the original classification. The
general interpretation of the Land Classes
has not changed.
A3.8 Therefore, in practice, the field squares of
all three surveys can be treated as stratified
random samples from the revised
classification (Tabte A3 1), and estunates of
both stock and change in stock derived
accordingty.
A39 This will however. lead to slightly revised
estimates of cover for the previously
published 1978 and 1984 surveys. Butit
does enable cover. and change up to 1990.
to be estrnated from within each of the
same set of Land Classes.
A3.10 Theextra 124 | kan squares sampled in
Countryside Survey 1590 (CS1990) were
selected from the Land Classes to make the
overall Land Class sampling rate as near as
possible ﬁroponional to Land Class areas.

Estimating cover and linear features
A3.11 The basic sampling unit for any statistical
estimate of the area, length or frequency of
any atnbute is the | ki square. Each | km
square gwves one value.
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A312

A3.13

A3.14

A3.15

A3.16

A3.17

Vanation between squares within each Land
Class represents the natural vanation and is
used to derive estimates of error for our
population estimates.  Inadequate sampling
would lead to estimates and the estimated
precision of those estimates (eqg their
standard error (SE)) both being imprecise.

There are many atirtbutes which can be
derived for each square from the detailed
information in the field survey. These range
from areal estimates of single or
combunations of recorded field sheet
attributes, to lengths of hedgerow types, to
the presence and richness of species in the
quadrats. Different iypes of attribute may
require different methods of estimation.

The ITE Land Classification is effective as a
means of providing a stratification for the
field surveys, in that it restricts the
occurrence of any individual atinbute to a
fraction of the Land Classes, and it is absent
(or at least not found) in the other Land
Classes. However, in those Land Classes
where the attribute does occur, it is still
absem from a proportion of the sample
squares and the statistical disiribution of
values i1s skewed and highly non-normal,
The median is often still zero in many Land
Classes where the atiribute does occur.

To obtain unbiased estimates of a
population mean or 1otal. regardless of the
staustical distribution, we first need to
estimaie the arithmetic mean (m) for each
Land Class, rather than, say. the median or
(bias-corrected) geometric mean. Thisisa
simple but important point.

To give some 1ndicathion of the precision of
estimates, their SE will often be given. In
some cases the SE may be presented as a
percentage of the esiimate itself, in which
case 1t is known as the percentage
coeficient of variation (%CV) of the
estimate (eq an estimate of 60, with SE of
15, has %CV of 25%).

However, the skewed distribution and
relatively small sample sizes within each
Land Class mean that the sample stratum
means (m) are probably not symmeirically
or normally distributed, so that {(m £ 2
SE(m)) does not provide reasonable
estimates of 95% confidence limits. (SE(rm)
= standard error of sample mean m.)
Therefore, f 95% confidence limiis are
required for estimates of the stralum means
(or 1otals), it is thought that they would be
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Table A3 1 Symmeinc and asymmetne confidence Lmuts for
d:Ferent coeflicients of vananon

%CV

Symmeinc Lrruts
Lower Upper

Asymmeinc limuts
Lower Upper

5
10
23
30
10
5C

050
080
060
040
020
000

110
120
1.40
160
180
200

090
0g2
057
0.56
046
029

i1l
122
.48
180
216
57

A3.18

A319

A3.20

betier represented by asymmeitric
confidence iimits assuming a log-normal
distribution.

These multiplicative confidence limits were
estimated as follows-

lower imit = m/ k; upperlmit=m .k

where k = exp(1.96 V{var(log,m)})
var(log,m) = vanance of log_m
which can be estimated by:

v, = log {1+[CV(m)]}

where CV(m) = SE(m) / m = coeficient of
vanation of m.

This method of estimating the vanance of
log,m is taken from Burmham et al. (1987).
Table A3 | indicates the difference between
using these mits and the usual symmetrical
limiis given by {m * 1.96 SE(m)} (For
clarity of Wustration 2.00 1s used instead of
1.96, and all imys are expressed as a rano
of the estimate m.) .

In practical terms, this implies we are less
sure about the upper limi for the area, say,
of the atiribute than the lower limit It also
ensures we do not get any negative lower
confidence limuts for poorly estimated
attributes, so that, if %CV 1s 50% for poorly
estimate afiributes, the limits are not zero to
double the estimate, but the more plausible
range of 0 39-2 .57 x the estimate.

The total area of an atiribute in the whole
populaiion (A.) and its variance Var(x.) are
estimated by weighted surmmations cver
the strata, as detailed in Appendix 3a.
Because the population iotal estimate is
based on 32 strata and many more samples,
it is more likely 1o be normally distributed,
s0 (x; t 2 SE) may be used to give
reasonable 95% confidence limits for
widespread attributes. However, for many
detailed attributes of low overall perceniage
cover, absent from a high proportion of all
sample squares, the true limits could still be



Table A3 2 Numbe:s of squares sampled in the thice
countrys.ée surveys

New squares in

Year of survey 1978 1684 1530 Total

1978 256 - - 256

1984 233 131 - 384

1980 252 129 127 508
asymmetric. Because the symmetric and
asymmetric methods of estimating
confidence limits give very similar resuits
when %CV 1s small, 1t was recommended
that asymmeitric limits simply be used
throughout for ALL estimates of stock,
including {or regions and countries.

A3.21 Following the approach of section A3.16, the

95% confidence limits for the estimate A.. of
the population total stock are given by

Ak A Kk
where k = exp(l 96 Vv, ). and
vy = log {I+[CV(A)]%}

where CV(A)) = SE(A) / A, = coefficient of
variation of A_.

Estimating change in area or length
between surveys

A3 a2

A323

A3.24

A3.25

The approach in C513990 has been that the
most reliable way to estumnate change is to
resurvey the same areas wherever
possible. This is not only likely to lead to
more accurate estimates of net change, but
provides some detailed information on
actual change between land feature
categories (what has changedto what'). It
is also assurned that the ITE Land Classes
provide an eflective stratificahon for change
as well as stock; 1e any particular change is
likely to be relatively more consistent within
the Land Classes.

In the 1984 and 1990 surveys, it was
possible to resurvey nearly alt the
previously sampled squares. The exact
pattern of sampling over the three surveys
1s shown in Table A3.2.

Over the three surveys, 514 | km squares _
have been surveyed at least once  There1s
still a core of 252 squares which have been
surveyed in all three surveys, and 381
squares which were surveyed in both 1984
and 1990

Change was estimated between any wo
surveys in two ways: first. by analysing the

A3.26

A327

A3.28

A3.29
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observed change in just the squares
surveyed both times, and, second, by using
all the squares available on each occasion
The two estimates will differ! However,
their differences and their errors may he
informatiive in themselves and in deciding
which approach. on balance, provides the
most accurate estimales.

Estimating change from just the resurveyed
squares 1s likely to give more precise
estimates than independent survey squares
if the general change has been small, and/
or if the ime between surveys is ‘'short’ In
the exireme, a repeat survey of the same
squares the next day would show the truth
that there had been little or no change
throughout the couniry, whereas
completely independent surveys on
consecutive days would provide no
accurate information of the change. In the
countryside surveys, the more accurate
estimates of change, between 1984 and
1990, are provided by just the 381 squares
surveyed at both times rather than by the
difference between the total areas
estimated by all 384 squares in 1984 and all
508 in 1930

If the sample uniis change so much from
survey 10 survey that there 1s on average no
correlation berween the value (amount of
land cover) of Y in successive surveys on
the same sample unit {1 km square), then
no gain in precision is obtained by re-
sampling the same squares rather than
taking a completely new random sarnple.
However, there is no loss of precision either
when compared to using two independent
samples of the same size.

Change using just the resurveyed squares
1s estimated by first calculating the change
in cover. or change from cover type Ao B,
as required, in each individual square, and
then estimating Land Class and total
population change as for total stock in any
one survey.

When change is estimated from all the
avallable sample squares in each survey,
the estimate is simply the difference
between the two populaiion totals based on
all available squares. However, because a
proportion of the squares are the same in
both surveys, there is a correlation between
the o individual survey population
estimates, which must be included in the
estimation of the SE of the estimate of
change., as detaled in section A3a 9 of
Appendix 3a.



Estimates for regions of GB

A3.30

A331

A3 32

A3.33

Separate estimates are provided for
Scotland. Ergland, and Wales in additicn to
GB as a whole.

The estimates of stock and change for any
region or country in both the published
reports and the Countryside Information
System (CIS) are based on using the overall
GB means for each Land Class. Ideally. the
estimates for any reqion should be based
only on the Land Class means estimated
from sample squares within the region.
Although the ITE Land Classification is an
‘environmenial’. and not regional,
classification, 1t is stull possible that land use
and cover within a Land Class may differ
between geographic regions for historical
and economic reasons. Therefore,
estimates for England, Scotland and Wales
might also be made using just the Land
Class means for the sample survey squares
in each country. These should be
compared with the corresponding estimates
based on the GB Land Class means. (Any
between-country differences in Land Class
means can be assessed by non-parametric
statistical tests )

It is best not 10 use within-region estimates
of Land Class means for small regions
because the estimates will be based on
inadequate numbers of sampled squares.
and any gain through reduction in bias will
be cutweighed by loss of precision  Using
the GB estimates of Land Class means, in
any region. does assurme no significant
regional differences of land stock within any
Land Class.

Standard errors and confidence limits will
not therefore be very reliable estimates of
the accuracy of estimates for English
county-size regions, and in the CIS no
errors will be given for such small regions
of less than 5000 kan?.

Non-sampling of 'mostly sea' squares

A3.34

The sampiling frame for each of the three
field surveys was the population of all | km
squares, referenced to the OS National
Gnid, which contained any land in GB.
However, since the surveys aim to estimate
countryside land statistics, any'1 km
squares randomly selected from each ITE
Land Class which were more than 90% sea,
as measured from OS maps, were not
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A3 35

included in the sample squares and field
survey. They are referred to as 'mostly
sea’ squares. In practice, only one initially
selected square had over 90% sea, but
several others were rejected because they
were mostly a combination of sea and
built-up land, again as measured from OS
maps.

The small area of land in any ITE Land
Class that is in 1 ki squares with more
than 90% sea {(as measured on 1:250 000
OS maps) was assumed to have the same
average composition of land cover types
as any other part of that Land Class.

Estimating the total area of land in
each Land Class

A3.36

A3.37

A3.38

The simplest appreach for estimating the
to1al area of an attribute in a Land Class 1s
just to estimate the mean percentage of
(the whole of} each | km square covered
by the attribute in the Land Class, and then
multiply by the totat area (including sea) of
all 1 kan squares in the Land Class.

Since the basic sampling unit is the | km
scquare referenced to the National Grid.
some ‘coastal’ sample field survey squares
will include an area of sea, as only squares
which were 'mostly sea’ (see section

A3 34} were excluded. This mainly affects
ITE Land Classes 7 and 8 (mostly SW
England and Wales). and 14, and 29. 30
and 31 (mostly Scottish islands). Deriving
cover as a percenlage of land removes the
sample variation in attiribute areas due
simply to the differing amount of land in the
sampled squares. Also, since the actual
area of land, rather than the to1al area, in all
the | kan squares of a Land Class has been
measured, it seems sensible to use this
‘known' land area 1o try to improve the
precision of cover estimates.

Therefore, both the 1990 field survey
analyses and the related CI3 computer
system used a second approach which is
more complex. As part of the [TE Land
Classification of every | kin square in the
whole of GB, the area of sea of every | kan
square was measured by digitisation from
1:250 000 OS maps. This means we have a
‘census’ figure for the total area of land in
each Land Class. The field swrvey estmate
of the proportion of land in a Land Class
covered by a particular attribute was then
mullipbed by the census figure for total



A3.39

A3.40

A34]

land area in that Land Class to esiimate the
total area of the attribute in the Land Class.

The proportion of land covered by an
attnbute in a Land Class was estimated as
the ratio of total attribute area to total land
area from the field sample squares in that
Land Class, and hence 1t, and 1is standard
error, were calculated using standard
statistical methods for ‘Ratio esumators’
{Cochran 1977). The computaticnal details
are given in Appendix 3a [f the census
values for the total area of land in each Land
Class were exact, then this second method
would provide more precise esiunates of
1o0'al attribute areas anc provide more
accurate spatal estimates of cover for
individual coasial squares in the CIS.

The complication 1s that the field survey
estimates of sea area are based on 1:10 000
scale maps which are more accurate than
the 1:250 000 scale maps. Analysis of a set
of squares for both 1:250 000 map area of
sea (SM) and 1:10 000 field survey area of
sea (SF) showed that there was a general
tendency ior SM to overestimate SF. but this
varied between Lard Ciasses, being much
more pronounced n the ‘lowland’ Land
Classes. Detailed analysis of the sample
relationships between SF and SM suggested
that these discrepancies could be
adequately altowed for by simply dividing
adl squares into two major Land Class
groups (Land Classes 1-16 and 17-32) and
derivirg one correction factor for each Land
Class group.

From the set of squares from each Land
Class group (1-16 or 17-32) with both SM
and SF measured, the following ratio
estimate conversion factor B (with SE(3))
was derived, based on the ratio of mean SF
to mean SM:

for Land Classes 1-16

B =0487 SE(B) =0.073: r=050. SD =125
for Land Classes 1 7-32

B =0.825, SE(3) =0.056; r=0.95, 5D =60

where r measured the correlation beiween
SM and SF. while SD, indicated the average
error (in hectares) in using B x SMto
estmate the true’ 1:10 000 field survey
area of sea in any one | km square. It was
seen that the estumates were not parucularly
accurate for individual ‘coastal’ squares
(which might be selected in the CIS).
especially in Land Classes 1-16 (mosily
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classes 7 and 8), where estimates for
individual 1 km squares could be out by up
to 20 hectares, so users of the CIS should
beware.)

The following procedure was used to
estimate the total area of land in each Land
Class. h.

Calculate the total area (X,,). mcluding
sea, of all | ki squares in the Land Class

Calculate the 10ial area of sea (X,;) (as
defined from the 1:250 000 maps) of all
squares in the Land Class that are
recorded as having some sea (again as
derived from the 1:250 000 maps).

Then, estimate the total area of land (X,) in
Land Class, h, as:

Xh = xn? - an'B
and the vanance of X, by:

Var(X,) = (X, SE(B))?

A3.43 For any whole Land Class or large region

A3 44

A3.45

involving several Land Classes, the
percentage error (%CV) in estimating the
total land area will usually be small
compared 10 the %CV for the proportional
cover of attributes; and hence can usually
be ignored. :

There were also a few squares which did
have some sea (as defined by field survey
1:10 000 maps), but which were recorded
as having no sea from the 1:250 000 map
digitisation. However, analysis of the
samples squares with both SM and SF,
indicated that the amount of sea missed and
hence the amount of land overestimated
was less than 0.1% of the total area of land in
all the | kmn squares calculated to have no
sea from the 1:250 000 maps, and hence
unimponant.

For Land Classes or requons with little (or
no) sea, the above procedure produced the
same estimates as the simpler approach
given in section A3.36.

Allowing for 'urban' 1 km squares

A3.46 Squares were only included in CS19901if
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they were less than 75% built-up or urban
land. as measured from 1:250 000 OS maps.
Such squares are termed ‘rural’ squares,
while the buili-up squares are referred 1o as
‘urban’ squares. The built-up or urban land



Table A3.3 Number of squares sampled in each field survey from cach of the 32 Land Classes of the revised classificanon  Also
given .s the toial area of each Land Class in each. of England. Wites. Scolland and GB as a whole

Land No. ol squates surveyed Total area of Land Class (kn?)
Class 1978 1984 1990 England Scotand Wales GE
] 8 15 28 12 466 0 1049 13515
2 0 12 24 14 G55 0 4 -4 063
3 1] 18 30 15 344 0 91 15435
4 ] 6 10 8279 0 54 8333
5 3 4 [ 2428 0 1 325 37153
6 9 13 23 7228 348 2670 10 246
¥4 8 13 13 1682 412 4290 2 524
8 9 12 14 3222 543 481 4 246
9 13 16 21 9249 1211 699 L1159
10 12 17 22 10959 2428 134 13551
11 13 19 22 8712 4 0 8716
12 5 9 iQ 3322 14 4] 3336
13 9 14 17 4208 1 948 635 $7%1
14 4 6 6 342 522 22 886
15 5 7 9 1 227 397 2430 4054
16 8 10 11 22170 479 321 3070
17 10 .6 28 3698 300 9001 12 699
18 5 9 13 1652 3796 528 5676
19 2 4 T 2107 3272 42 5421
20 2 4 4 G12 1 351 245 2308
21 9 16 19 9 9708 0 9117
22 11 6 25 2 648 9898 3 12 549
23 10 i4 17 588 6222 41 6 95!
24 8 12 15 195 7012 4] 7207
25 12 i8 24 1978 85170 0 10 548
26 8 14 15 899 5462 0 6 36l
27 8 12 15 1401 5323 0 6724
28 8 12 14 894 6 563 0 71487
29 9 11 11 0 5456 0 5 455
30 9 14 14 0 4 249 0 4 249
31 7 11 11 0 3017 0 3017
32 6 10 10 0 3779 0 3779
Total 256 384 508 122518 92 284 20 608 235 307
(as defined from the 1:250 000 map A3.48 The total area of land in each Land Class

A3.47

dicutisation} 1s relerred 10 as ‘'map-urban’
land. Land in the ‘urban’ squares which is
not ‘'map-urban’ is referred to as
‘unclassified urban fringe’. Account must
be 1aken of the effect of not including
‘urban’ squares in the field survey

The 1:250 000 digitisation of every 1 km
square in GB was done after both the 1978
and 1984 surveys. Cross-checking has
verified that with, just one exception, every
square selected as having less than 75%
urban land in both the 1978 and 1984
surveys also had less than 75% cover
values from the 1:250 000 digitisation. By
1990, the 1:250 000 digutisation of all
squares was available, so the extra 122
squares added 1o the 1990 field survey
were selected to have less than 75% urban
land. Together, this means that the

1:250 000 digitisation was used to subdivide
all squares within a Land Class into 'rural’
squares (with less than or equal 10 75%
1:250 000 map-urban) and 'urban’ squares
(with more than 75% map-urban).
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A3.49

A3.50

A3.51

was estimated separately for the 'rural’ type
squares and the 'urban’ type squares.

The field survey data strictly relate cnly to
the 'rural’ type squares. Ratio estimates {as
described in sections A3.38-A3.40) were
therefore used to estimate the total area (or
length) of each survey attribute in ‘rural’
squares and hence for ‘rural’ square areas
of regions or countries.

Because there are no detalled field survey
data for the 'unclassified urban fringe’ part
of the 'urban’ squares for each of the
surveys, the known total ‘urban’ square
area for any Land Class, region or country
1s simply subdivided inio the known total
areas of 'map-urban’ and 'unclassified
urban fringe’ land.

[n the CIS the ‘urban' squares and/or areas
of ‘map-urban’ or ‘unclassified urban fringe'
can be indicated on visual displays
separately from the 'rural’ square
information.



A3 52

A3 83

A3.54

A3.55

Although any squares with more than 75%
‘map-urban’ were classed as 'urban'
squares, the total area of 'unclassified urban
fringe’ 1s only 8% of the :otal area of all the
‘urban’ squares.

The ‘urban’ squares themselves form only
2.3% of the total area of land in GB.
Therefore, in GB as a whole, the
‘unclassified urban fringe' is less than 0.2%
of the total area of land.

Where it 1s required to derive field survey
stock and change estimates for all land in a
regicon or country, including the area of
‘urban’ squares, the following procedure
was adopted.

* The 'map-urban’ part of the 'urban’
squares was treated as a separate
cover altribute and its area identified
for each square, Land Class or region,
as required (By its definition, it has no
error.)

»  For the (usually} relatively small area of
‘unclassified urban fringe’ in the 'urban’
squares of any parnticular Land Class in
a region, the relative proportional
cover and distributicn of the ‘rural’ field
survey attribuies was assumed to be
the same as n the ‘rural’ squares in that
Land Class. The total area. X, of land
in the ‘rural’ squares and the
‘unclassified urban fringe’ in that Land
Class h was calculated for the region
concerned. If g, was the estimate of the
proportion of land n that Land Class
covered by this atribute, then the
estimate of the aftir:bute’s total area 1n
that Land Class was calculated for the
region as (X,q,). using the formulae to
calculate errors described in sections
A3 11-A3.2; and given in Appendix 3a,
sechons A3a.10-A3a 12).

The above procedure ignores the fact tha
some of the area in the ‘rural’ squares is
made up of aitributes which probably
represent the ‘'map-urban’ part of squares.
Therefore, the simple approach above may
tend to underestimate the areas of rural
aitributes in the 'unclassified urban fringe’.
However, we have no detaled information
on the true composition of the 'unclassified
urban fringe’ and it is usually only a very
minor pan of the totat area concermed. The
propertional and total area of ‘unclassified
urban fringe’ in a region should always be
inchicated, and a warning given that this
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proportion of the total area of any aitribute
:s from 'unclassified urban fringe’ in ‘urban’
squares, and hence must be treated with
exireme caution.



Appendix 3a STATISTICAL FORMULAE

A3a.l The change in the mean value of a
population aftribute X between time | and
time 2 can be estimated by taking samples
at each ime. There are several options
avallable. At one extreme. independent
separate samples could be taken on the two
occasions, and, at the other extreme. the
same sample units could be used in both
sample surveys. Tnae [TE field surveys used
an intermediate approach whereby (nearly)
all of the sample | kan squares surveyed at
time | were resurveyed at time 2, t1ogether
with a number of new randomly selected
units. A few of the | kan squares surveyed
in 1978 and/or 1984 could not be
resurveyed because permission could not
be obtained. In statistical terms, this means
the ITE sampling scheme for change 1s
effectively a ‘partial replacement’ scheme,
with only a proportion of the sample units
surveyed in both of any two surveys
{Cochran 1977, pp344-358).

A3a.2 The choice of resampling scheme affects
the estimator of change and its sampling
variance or precision. Details of how to
estimate cover (or lengths) and change for
the field surveys are given below.

A3a.3 Suppose the whole population has been
divided into L strata. and each stratum has
been randomly sampled separately. For
the [TE countryside surveys, the L strata are
the 32 ITE Land Classes. Throughout this
Appendix, 'stratum’ and Land Class' are
SYnonymous.

A3a4 Then, the following section (A3a.5) must first
be applied and calculated independently
for each stratum in turn. and section
(A3a.10) then used to multiply up Land
Class stalistics 10 obtain population
eslimates.

WITHIN ANY ONE STRATUM
(LAND CLASS), h

A3a.5 Defnitions
Let Y = the measured variable of interest.

A 'rural’ square is defined to be a | km square
which when digitised from a map was less than 75%
built-up land. All other 1 ki squares are referred

10 as ‘'urban’ squares, as defined in sectons

A3.46-A3.85. The field survey only sampled rural’

squares.

n,...n,, = number of squares sampled at time | and
2 respeciively in Land Class h

Y,, = value of attribute Y in the j sampled square of
Land Classhattimet,j=1. n . t=1.2

In any particular sampled square, the value of Yu:
will usually be either the proportion of the square
covered by the attribute, or its total length in the
square if it Is a linear attribute.

Ler X, = proportion of the j* sampled square in
Land Class h which is land; j=1..

{as measured directly from ihe 1 ]0 000 maps for
the field survey).

Let X, = "census’ figure of total area of land of all |
km ‘rural’ squares in Land Class h,
including correction of ‘map’ sea (SM) to
more accurate field ‘survey’ sea (SF) - see
section A3.40 for details.

O,_,_j =Y,/ Xm = proportion of land in the j* sampled
square of Land Class h whuch i1s covered by
attribute Y: j=1..n_

Assume (Uf necessary after suitable re-ordering)
that the first n,  of these sample squares were
sampled at both times | and 2. This means that the
first n,_ sampled uruts for this stratum in each survey
are the same units (but obviously not necessarily
with the same values), 1e:

n,. = number of ‘'overlap’ sample unts

P, =n_/n = proportion of the squares
sampled at ime | that were re-
sampled at time 2

P, =n_/n,= proportion of the units sampled at
time 2 that were also sampled at
time 1

nm<:nh|_nm<:n“z;P <:|'p <=]

Ty
Y = }:Y /™, = sample mean of Y in Land Class h at
timet, t=1,2

)(m/n‘1l sample mean of X in Land Class h at
timet, 1=1,2

(L means sum over the squares indicated)
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d. =Y./ %, = sample Traiio estimate’ of the
proportion Q,, of land in Land Class h which is
covered by this attribute at time 1;1=1,2

The estimated variance of the estimator q,is
n,
i 3
var(qu) = Z](Yl.'| - q.‘ixrﬂ)a / (n.‘:(n:.“l)xhz)' = 1'2
J_‘

(At this stage, the possible (small) error in the
‘census’ figure X, for the total area of land is
ignored ) '

The siandard error oi q,, 1s SE{(g,)) = \Nar(q,h_)

N3 In many L.and Classes there are no ‘coasial’
squares with sea. In such cases, X, 1s always unity
and Q,, = Y, . sothe ratio esumator and its SE are
just the usual sample mean (y, ) and SE(y,,), as one
would expect. This general procedure enables us
also to cope with the Land Classes with sea 1 some
| km squares.

Al3a.8 Covariance between values in two
surveys — precision of estimates of
change

The tendency for the values of Y 11 the same sampie
unit 1o be similar at times 1 and 2 is quantifed by
the (aute) covariance of Y over time. This
covariance between the values of Y in the wwo
surveys in this stratwm must be estimated from the
n,‘overlap’ squares sampled from this Land Class
h in BOTH surveys, as follows.

Calculaie the ‘overlap’ sample means m, :m,__for

each survey based on just the n,_‘overlap’ squares,

as:  n_

Yee = LY, /.= cverlap' sample mean of Y in
=1 Land Class h attimet, t=12

X, =2 X,/ ='overlap' sample mean of X in land
=1 class h (same at times ! and 2)

Letq,, =¥V /X = ‘overlap’ sample estimate of
ratioQ atime t

The covanance between q,, and q,, is estimated
by:

n re

Cov(thc' qna:) =]3:l{ (Ynl, - qh:cx'n]) (erl - qm;xv;)} /
(n (n,-1X.3)

Because the n,_ ‘overlap’ samples are the ony link
berween the estimates in the two surveys, their
covariance determines the covariance between the
rauo estmates q,. and q,, based onusing all the
samples avalable for each survey (see section
A3a9).
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A3a.7 Estimating change within one stratum

Having calculated the above statistics, it is now
possible to estimate the change in Q (the proportion
of land which is a particular aitribute cover) in this
Land Class h, between the two surveys. by either, or
both, of the following two methods (taken in part
fom Cochran (1977, pp180-182).

A3a.8 Estimating change using only the squares
sampled in both surveys

This method is likely to be accurate for atiributes
whose change between the two surveys has been
small andsor corsisient within each Land Class.

The change in ratio Q in the siratum is simply
estimated by calculating the change in mean area
covered by the atiribute from the n,_ ‘overlap’
survey squares {(namely m,, -m,__} This difference
1s converted 10 a 'ratio estimaior’ by expressing it as
& proporuonm,_, of:

mhcc = m.“?.c - m.".'.c = (Y-\zc - Yh!r) /X‘.:!c (NB xh‘.c = xhk)

tetY =Y

e

vy~ Yy, = changein Y on J* square in
Land Class h

Then the estimated variance of m, is:
H

Var(m,y) = T, - m, X)) (nn-1) X.2)

A3a.9 Estimating change using ALL the squares
sampled in either survey as the simple
difference between the estimates for each
survey

This method is likely 10 be better for atiributes
whose change is very variable beiween the squares
within each Land Class, since. if there is little
consistency between squares, it is best simply to use
as large a sample as possible. (Note, however, that
witll large erratic changes, nerther method will give
very accurate estimates of change with much larger
samples).

By this second methed, the CHANGE inratio Q in
this Land Class h is estimated as the simple
difference q,,, between the ratio estimates q,, and
q,,. using all the surveyed squares in the two
separate surveys 10 give:

9 = 9~ 4y

Tre estimated variance of g, , is.

Var(q,,} = Var(q,) + Var(q,,} - 2 Cov(q,,. q,,)

where Cov(q,,. q,,) is estimated {rom the ‘overlap’
squares by:

Cov(g,,. qy,) = P, P, Cov(q,,. q,,.)



The standard error of q,, = SE(q.,) = ¥Var(q,)

COMBINING STRATUM (LAND
CLASS) ESTIMATES INTO AN
ESTIMATE FOR K WHOLE
REGION (OR COUNTRY OR GB)

The following formulae are used to combine the
estimaies in each Land Class of the proportional
cover of any parucular attribute, with the 'census’
figures for the total area of land in each Land Class
to derive estimates of totals for a whole region,
where the phrase ‘region’ could mean just one Land
Class, or a whole country, or all of GB.

The formulae can be applied to estimate the 10tal
area of:

just the 'rural’ squares, or

Just the 'unclassified urban fringe’, or
both the above - to give 1otals for both
‘rural’ and 'urban’ squares,

simply by using the appropriaie ‘census’ figure X,
for the total area of land - see sections A3.40 and
A3.5] for further details.

X, = appropriate ‘census’ figqure of total area of land
in Land Class h

X=X, +X,+ . +X_, =total area of land in whole
‘region’ of interest.

As before, let q, . q,, denote the estimators for ratio
Q attimes | and 2 for Land Class h.

Let m, , = the estimator for change in ratio Q
between tumes 1 and 2 for stratum h. (NB m,,, could
here be the esumates based on all the squares in
each survey, or just the ‘overlap’ squares

Swniarly, Var(m, ). Var(m,,) and Var(m ) denote
their estimated variances — calculated as detailed in
section Ala 5

A3a.10 Estimating total cover of an attribute in
a ‘region’ in any single survey

The TOTAL area A, for atiribute Y, in the ‘region’, at
time 1, is estimated by:

32
A =h§l X4, t=12
The esumated vanance of A 1s:
Var(A) = :Zf [y var(q,) +5,
where S is the error variance on the ‘census’ figure

for the total area of land X in the region. Unless the
‘requon’ includes a high proportion of 1 kain squares
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with sea, 5 will be negligible and can be ignored.

If required, S is calculated as follows (as in section
A3.40).

Let X = the iotal area of ‘'map’ sea (as defined
from the 1:250 000 maps) of all squares in
Land Class in the 'region’ that are
recorded as having some sea (again as
derived from the 1:250 000 maps).

Because we have two sea conversion factors B. B,
and B, for Land Class groups (1-16) ard (17-32)
respectively, we need to calculate:

15

32
As=Z (X5q) and A=I(X.q,)

Then, using the standard errors SE(B,) and SE(B,) of
the two correction factors B from section A3.40. we
have:

S, ={AsSE(B) F + {ASEB) }

A3a.11 Estimating change in cover in a ‘region’

between surveys

The TOTAL CHANGE A, in area of attribute Y in the
‘region’ between times 1 and 2 can be estimated
by:

32
Ac =h§ ]x'l:qrc' =12

The estimated vanance of A 4 18:

.32
Var(A) = I (X,)*Var(q,) +S,

where 5 is as S, above except q,, replaces q,, in
the iormulae for A . and A,

The standard error A, = SE(A ) = YVar(A )

A3a.12 Estimating lengths (in contrast to areas)

All the above principles can be used in the same
way to estimate the total lengths of linear anributes
(such as hedgerows and roads).

The attribute Y will then be the total length of the
attribute in each 1 ki survey square. If X is sill the
proportion of the square which is land, then the
same ratio estimator q=y/x ,used in section A3a.5,
now estimates the length of the atiribute per | km?.

Therefore, multiplying by the total area of all land
(in kan?) in that Land Class in the 'region’ concemed
and summing over the region in the same way as
for areas (see sections A3a.10-A3a. 11} will estimate
the total lengih of the artribute in the 'region’.



Appendix4 QUALITY ASSURANCE EXERCISE -

SUMMARY

Introduction

It is recognised that in a field investigation on the
scale of the Countryside Survey 1990 the large
numbers of recorders and surveyors involved will
produce an inherent degree of variation, despite
the provision of a training course, a field handbook
(Barr 1950) and on-siie visits by supervisors
(quality control). Whilst there is no reason to
expect any directional bias in the records made,
neither was any subsequently demonstrated, it is
imponant 10 attempt to measure the consistency
and rebability of the work done withuin the major
components of the field programme (Quatity
Assurance Exercise).

A sample comprising 37 of the 512 squares
surveyed in 1990 was selected and in each of these
one quarter was resurveyed in 1991, at the same
ime of year as the original survey. The resurvey
included one of each of the six permanently marked
plot types: Main (200 m?) plots; Habitat (4 m?) plots;
Verge plots; Hedge plots; Streamside plots: and
field boundaries (all 10 m x 1 m plois) used in the
main survey.

The Quality Assurance Exercise :nvestigated-

+ the efliciency of plot relocation

* the reproducibility of species records made by
the original surveyors

+ the accuracy of percentage cover estimates of
the species presem

« the effect of the level of recording on the results
obtained when subject to the normal
lechriques used to demorstrate nabitat change

* the accuracy of the land use mapping of the 1
km squares.

The Quality Assurance Exercise has been fully
reporied (Prosser et al. 1992) this Appendix
presents some of the key results and observauons.

Plot relocation

Only 23 out of the 178 plots in the sample could not
be relocated by the assessors in a brief search (5
minutes) [t is considered that this ‘recovery rate’
(81%) justified the time taken during CS51590 to
permanently mark and photograph all plots. The
high relocation percentage suggests that detaled
changes in the vegetation can be followed using the

present survey methods. However, the relocation
of plots, especially those in unenclosed land is often
time-consuming and in future surveys additional
manpower will be needed if all plotsina | km
square are to be sought

Accuracy of species records

Of ¢ 5000 spectes records in 178 plots drawn from a
subsample comprising 35 | kan squares:

+ B63% were confirmed as species present by the
‘ assessors at the ime of their survey.

* ofthe remaiwning 37%;11% were clearly
atinbutable 1o real differences in species
composition of the plots surveyed in the two
years and a further 9% were considered likely 10
be due to seasonal effects which could not be
clearly demonstrated.

This suggests an initial recording accuracy lying
between 74% at the lowest and 83% at the highest
estimate, which 1s close to the value of 79% given as
the maximum attainable efficiency between
standardised searches by expenenced field
workers in Nilsson and Nilsson (1985).

The full report includes a detailed breakdown of the
nature of species mismaiches between the 1330
survey and the 1991 Quality Assurance Exercise
(Prosser et al. 1992).

Not all plots gave equal levels of agreement.
Results for Main (200 m#) and for roadside Verge
plots indicate that high levels of confidence can be
antached to analyses of these sites  Those for
Habitat {4 m?) plots and Streamside plots are less
reproducible: improved survey technicues could
be developed 10 bring these up to the same
standard. Recommendations for simple
modifications of survey techniques are included in
the full report.

Estimates of vegetation cover

When a comparison was made of the 20 most
frequent species forming appreciable cover, only
two (both grasses) have been recorded at
significanily different levels in plots by the
surveyors and the assessors. However, visual
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assessments of cover made over larger areas as
part of the land cover mapping were more variable,
and attention needs 10 be given to improving this
aspect of countryside surveys

Direction of vegetation change

When data for changes in species composition
within individual plots over time were subjected to
correspondence analysis (eg DECORANA, Hill
1979). the shifts in position of plots or groups of
plots could be related to changes in the
environment acting on the vegetation in these plots.
A sernes of such analyses have been performed in
which the 1990 survey data and those of the 1991
Quality Assurance Exercise are compared for each
individual plot type. In all cases, axis shifts have
been demonstrated.

The overall axis shift between 1990 and 1991,
though insufficient to be significant at this relanvely
small sample size, parallelied that previousty
demonstrated during the Ecological Consequences
of Land Use Change project To what extent the
1590-81 results reinforce the changes previously
demonstrated or are evidence of a singular climatc
shift between the two individual seasons cannot ai
present be established with cenainty. The
consistent direction of change shown since the
surveys of 1978 and 1988 nevertheless indicate that
the plot data obtained for 1990 were sufficiently
reliable to be used with confidence to demonstrate
environmental change.

Land cover mapping

Land cover mapping involved the use of a series of
codes (see Appendix 2) which may. for the purpose
of analysis, be subdivided into three groups: -

primary codes: major habitat and crop types;

secondary descriptive codes: related to stock
and variations in land management;

cover codes: a further characterisation of a
given parcel of land using a combination of the
mapping of the most prevalent species together
with a code denoting the cover of each.

The overall agreement found in primary coding was
84%; there was, however, a marked difference
between the reliability of coding between the
lowlands (95%) and the uplands (71%). The greater
discrepancies idenufied in the unenclosed uplands
relate in particular to dificulties experienced in
distinctions between upland heath and bog types.
Upland heath seemed to be under-recorded. This

was the only instance in which there appeared to be
a directional bias in coding.

It 1s clear that the allocation of primary codes to the
commoner forms of managed and naiural
vegetation cover is reliable. Rarer habitals were,

.inevitably. represented only by a small number of
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sampiles; the reliability of information derived for
these 1s less than for widespread habitats.

The percentage agreement found for the simpler
secondary descriptive (or qualifying) codes was
78%. This figure relates to the use of codes which
were unamb:quous and involved simple decision-
making. eg whether a hedge was stockproof or not
stockproof. No satisfactory method was derived for
direct comparison of strings of codes which
ncluded considerable elements of judgement. The
method presented in the full report indicates the
level of agreement for such qualifying codes to be
approximately 49%.
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