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ECOLOGY OF VEGETATION CHANGE IN UPLAND LANDSCAPES
SUMMARY AND CONCLUSIONS -~ PART I: GENERAL SYNTHESIS

Chapter 1: INTRODUCTION
Background

1 Changes in the landscapes of the uplands of England and Wales may
result from either major alterations in land-use such as the
introduction of forestry or .comprehensive agricultural improvement,
or more gradually from modification of traditional management
methods. The vegetation that clothes the uplands, determining much
of their wvisual character, is subject to the influence of such
gradual changes. The Department of the Environment (DOE)
commissioned an investigation of 12 study areas to determine their
main classes of upland vegetation, the factors influencing gradual -
change, and their possible future pattern of vegetation. The work
‘has been carried out at the same time as the Upland Landscapes
Study (ULS). That study, by consultants under contract to the .
Countryside Commission, had the aim of determining paSt, present
and future trends in agriculture in the same 12 areas. The chosen
areas were parishes listed as meeting the European Economic
Community (EEC) definition of ‘'less-favoured areas' of ‘'mountain .
and hill farming'. They cover 746 km2. and include about 3% of the
land above 244 m in England and Wales.

Approach

2 Research was concentrated on widely distributed types of vegetation
in the range from agricultural grasslands to heath and moorland. In
addition, a limited assessment was made of woodland types in the
study areas. Field recording was used as a basis for subsequent
classification and description of the . vegetation; map analysis
provided data to define variation in the physical environment in
the study areas and to classify land types; historical documents
showed the nature and distribution of past land-use changes.
Results from these approaches have been used to show the influence
of environmental and land-use factors on vegetation in the study
areas. Experimental evidence on the courses and rates of gradual
vegetation change is available for a small number of locations
outside the study areas at which management has been intentionally
controlled. Visits to these gave some information on trends and
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ﬁates off change. Predictions of vegetation change in the pasture
nd heath vegetation of the study areas as a result of intensified
r decl ning agriculture can only be generalised becduse of the
ack of detalled environmental data and of knowledge of present and
uture management intentions for each individual site. Such
tandard sed predictions based either on ecological pr1nc1ples of
:ossible change at recorded sites, or alternatively on assumptions
of the land-use potential of land types, give assessments of the
jYPes ant maximum scale of change likely in. different circumstances.
. synthesis of results from all study areas as a group is presented
in Part L of this report, wnile Part II considers the environment,
istory,} vegetation and potential future vegetatzon of each -area

ndiv1du$lly.
(‘Jpapt.er L: STUDY AREAS IN THEIR GEOGRAPHICAL CONTEXT

The admﬂnistrative parishes selected by ULS8 and the §Countryside
mmission for study were Alwinton in the Cheviot region, Lunedale

in the Northern Pennines, Shap and Shap Rural in the Lake District,
Bransdale in the North York Moors, Heptonstall in the .Southern
Pennines, Monyash and Hartington Middle Quarter®* in the Peak

untain , Glascwm in the Radnor-Clun Forests, Ystradgyhlais Higher
d Glyhtawe in the Brecon Mountains, Lynton in Exmoor, and

Hﬁdecomb? in the Moor and Buckland in the Moor in the Dartmoor
gion. | ;

EEatrict$ Llanfachreth in Snowdonia, Ysbyty Ystwyth in the Cambrian

the total upland in England and Wales has been investigated through
eir physiographic, climatic, geological and so0il characteristics
alysed from map data, and from their geographic relationship to
previously identified national upland land classes. They are found
to include the main range of national land classes in the uplands
f Engl and Wales, although the limited sectors of extreme
ontane bitats are poorly represented and it is only in Widecombe
d Buckland, and to a lesser extent in Lynton, that there is
ubstantial representation of the relatively low altitude and
entle lief land of the ‘'marginal' half of the national upland
classea.:These limitations are not critical because the study areas
ample ertensively the upland and hill sectors in which the widest
ange of! potential options for vegetation change are most likely to
be foundL

TEe exteﬂt to which the study areas are a representative sample of

Jore deiailed consideration of study area characteristics shows
that most typical wupland rock and soil types are strongly
eprese:fed. The climatic conditions covered run from relatively
old and dry at Alwinton, and cold and wet in Lunedale and Shap,
through to a relatively warm, dry climate at Glascwm and warm, wet

iULS conhidered Monyash only. ITE added the Hartington parish.




iii

conditions at Llanfachreth and Ystradgynlais. These environmental
factors are primary Cfeatures which substantially determine the
patterns of vegetation and of land-use in the study areas,
recognising that vegetation and land-use interact with each other,
and that leocal land-use has been, and is, also strongly inflgenced
by social and economic factors. The natural environmental
characteristics of the study areas are reflected in the range of
grades of land into which they are classified in the Agricultural
Land Classification scheme of —the Ministry of Agriculture. The
lowest grade (5) dominates Lunedale, Alwinton, Ysbyty Ystwyth and:
Ystradgynlais, while there is a notable proportion of grades §
and 3 in Monyash, Glascwm, Lynton and Widecombe. The current
intensity of agricultural use in the study areas, shown by the
extents of rough grazing, tillage and improved grassland, as
determined by the Upland Landscapes Study, is closely correlated
with mapped Agricultural Land Class. A wide range of typical upland
land-uses is represented in the study areas.

The extent to which the study areas are statistically
representative of the wider geographic regions in which they occur
has not been investigated in detail. However, comparison shows that
7 of the areas have average values of environmental and land-use
characteristics that are similar to the averages of these for their
regions. Of the remaining 5, Alwinton, Lunedale and Ysbyty Ystwyth
tend to have higher altitudes and steeper slopes with associated
less intensive agricultural use than their respective regions as a
whole, while Monyash and Widecombe have less high ground, gentler
slopes and more intensive agricultural use than are general for
their regions.

Chapter 3: VEGETATION

Work concentrated on the widely distributed grasslands and heaths,
which are the more important vegetation categories in their impact
on landscape. To provide the necessary detail of the composition of
this vegetation, field recording was carried out at a series of
. sites, using data for 5 000 m2 quadrats. 70 or more 'main sites'
were examined in each area in 1977 or 1978, giving a total of 938
moorland and grassland vegetation data sets, with additional but
limited information on site and soil characteristics at each site.
These data have provided the opportunity for a new classification of
upland vegetation extending through from cultivated improved
grasslands to little-modified moorland.
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The maLn vegetation groups produced by a classification using the
method pr Indicator Species Analysis can be attributed to gradients
of decr%asxng intensity of management and increasing environmental
Peverity The grassland groups are a 'farmland' element in the
vegetation, ~the heath groups a ‘moorland' element. IMPROVED
ASTURES, present at 27% of the recorded sites, were particularly
ommon |in Monyash, Glascwm, Lynton and Widecombe, with herb-rich
olium |grassland the dominant class of the four in this group.
ROUGH PASTURES (17% of the recorded sites) are present on more acid
nd oft¢n poorer drained soils than those of the improved pastures.
he aoft widespread of the 4 classes (Festuca/Agrostis grassland)
ccurs in all study areas except Lynton. GRASSY HEATHS' (23% of the
Eecorded sites) are dominated by —coarase grasses (Nardus,
bescham’sia, Molinia) but have a prominent secondary shrubby heath
tlemen£$ Two of the classes were quite uniformly distributed, but
the third, Festuca/Nardus/Vaccinium heath, showed ' a distinct
northern emphasis among the recorded sites. SHRUBBY HEATHS,
haractiristic of the least fertile soils and lowest intensity of
gricultural management, and comprising 5 classes, o¢cupy 33% of
he reéorded sites. Eriophorum/Calluna heaths were widespread,
whilst the drier Calluna heaths occurred mainly in the south-west.
he ra|ge of vegetation identified at the main sites reflected
nvironmental and management variation in the study areas, with
Monyash? showing the lowest diversity in terms of number of
egetatlon classes present, while in Llanfachreth and Ystradgynlais
11 16 |vegetation classes werée recorded. The moorlanh element of
the vegetation, and in particular the shrubby heaths, was most
strong in Lunedale, associated with land managed as grouse moors.
t was Rlso notably important in Ysbyty Ystwyth, in Bransdale which
s influenced by landscape conservation and shooting interests, and
in Hepﬁonstall where agriculture is limited by water catchment
requirements and management for grouse shooting again promotes
hrubby | heaths. Shap shows a contrast between. grassy. and shrubby
eaths on the volcanic rocks in the west, and improved pastures on
he eastern area of limestone. A high proportion: of pasture
vegetation occurs in Glascwm, Lynton and Widecombe, while Monyash
is domxTated by 1mproved pastures only.

eciduols woodlands were calculated by the Upland Landscapes Study
to occupy between less than 1% (Alwinton) and almost 7% (Lynton) of
ch study area. The woodlands examined can be considered in 3
ategories: lowland basic woodlands, common in Monyash; acid
owland 'woodlands, well represented in Heptonstall; and acid upland
woodlands, prominent in Alwinton, Lunedale, Shap, Bransdale and
lanfachreth. The wide diversity of main site vegetation in
lanfachreth is also followed in its woodlands where 7 of 11
ossibl classes are preSent. Although concern is frequently
bxpressfd over the apparent lack of regeneration in small upland
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deciduous woodlands, tree seedlings or saplings were recorded in
woodland sites in 11 of the study areas. They were particularly
frequent in Lynton and, to a lesser extent, in Llanfachreth and
Widecombe, but no significant regeneration was observed in Shap.
Brief recording of roadside verge vegetation, which beside being an
important visual element in the immediate landscape along access
roads can act as a reservoir of potential colonising plant species,
showed that only those verges containing trees had a strong lowland
element amongst their ausociated species.

Chapter 4: CONTROLS ON VEGETATION

. Approach

‘The factors which control the distribution of vegetation, and which

decide . whether the balance of plant species is stable or is
changing, are those of land character and of land-use and
management.. Three aspects were examined: 1. variation in land
character in the study areas was determined by analysis of existing
maps; ii. historical changes in land-use and management were

-identified . from documents, maps and air photographs; and

iii. current management practices were reviewed. Land character
sets limits on the potential range of vegetation; past ‘land-use has
created the general pattern of vegetation within these limits; and
this pattern is maintained or modified by current management
practices.

- Land character

Data extracted from Ordnance Subvey and climatic maps cover a range
of physiographic (altitude, slope, aspect, water), topographic
(settlements, roads and footpaths, field boundaries) and eclimatic
{rainfall) features. This information was initially recorded
quantitatively for 0.5 x 0.5 km grid squares covering the study

- areas. The distribution of individual characteristics can be

displayed on diagramatic maps from computer-stored data, and
average land statistics per study areas. can be calculated. From an
edited list of these quantitative data, Indicator Species Analysis
was again used as a classification methed in order to identify the
main aspects of land variation and to simplify these into a
classification of 7 land types in 3 land groups. The HILL 1land
group covers mainly the altitude range between 428 and 610 m.
Within this group, 3 land types with different combinations of slope
and relief are distinguished. The UPLAND group is of moderate

.altitude, mainly between 245 and 335 m, and also contains 3 land

types distinguished by slope and relief. UPLAND MARGIN consists of
a single land type, with the Ilowest  dominant altitude, mainly
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122-244 r. of moderate relief and dominantly .sonmu.mno; slopes. The
requency of land types in the study areas shows ncaonmwo and
owtnswoa. to contain most hill land, followed by Shap, Ysbyty
stwyth and Ystradgynlais, with the remaining areas cm&nm dominated
By upland or upland margin land groups. _ :

.

msnucmmﬁswmﬂowq
|

H_ teraction of environmental and human factors has amnmﬁswsom the

character of present day vegetation. Early man ou_vwo:wn the
tural f.ouoc.._.omu on the uplands so intensively that he destroyed
st natural woodland cover and accelerated its replacement by open
on.-_ﬁcswe“__.ou of heath and moor. The structure and species
avomwnwou of those communities reflected trends in both the
bers and types of grazing animal, and such practices as burning.

” addition to these early and long-lasting gradual changes arising
reeived as the traditional upland character, _..sm.u.om have been
s of relatively dramatic local change in plant communities,
particuldrly in the last 100 years or so. These have been caused by
the direct and indirect effects of reservoir construction,
quarryi and industrial development, and, more extenaively, by
afforestation and ploughing. Greater availability of documentary
oﬁ.nn:om., particularly in the’ form of land-use statistics and in
maps, Imﬁ«om it possible to study these changes in some detail.

Y O HD O

t of m’wunou.mw use of the uplands which have created what is now
se

Analysis | of statistiecs available in the Annual Returns for
a u.u.ocww_.fum since 1900 gives an overall impression of general
ummcwtﬁ in agricultural land-use in the areas as a group but
there HmL marked variation between areas. In general, the area of
tillage d4nd the numbers of sheep and cattle are similar now to what
they were in 1900. The numbers of farm holdings and of farm workers
show general declines between 1925-1940 and 1950-1965, but there is

ain very considerable variation between areas, as thére is also
in the average size of the agricultural holdings.

In terms |of past land-use and management, the uplands are of course
far from being a homogeneous unit. Large scale Ordnance Survey maps
in successive editions, and air photographs of the study areas,
were used to distinguish sectors for which there is no evidence of
previous |disturbance (MOORLAND CORE) from those areas which have ~at
different periods been both moorland and ploughed of otherwise
*improved' (MOORLAND FRINGE). For the study areas as a group,
m Z.E.EM fringe covers 11% of the total area, of which 30%
..mwu.mums s land now reverted from cultivated .grassland to moorland
plant communities. Of the remainder about one gquartér " has been
u.&owwwln_..__ for agriculture and three quarters converted to forestry.
About a third of the reverted fringe is covered by communities that
have been evolving since before 1850, and over a third has come out
ol more intensive agricultural use since about 1940. :
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Land ménagement

A summary of contemporary management practices emphasises the
general importance of burning and grazing as factors influencing
vegetation in the study areas. Evidence of burning as a management
tool was recorded on sites in all areas with heath vegetation
except Ysbyty Ystwyth. 72 and 23% of all shrubby heath. and grassy
heath sites respectively showed evidence of burning. Sheep and
cattle influence upland vegetation through trampling, selective
grazing and nutrient cycling via dung and urine, and thus have
complex effects on vegetation. Changes in stock type as well as
species or numbers can alter the effects of grazing. For example,
the decline in the numbers of older wether sheep on the hills this

century because of a preference for lamb rather than mutton has

probably resulited in reduced grazing of coarser, less palatable
vegetation. Drainage, and the application of lime, fertilisers and
herbicides not only modifies vegetation in the short term, but may
have residual effects for at least decades through alteration of
s0il acidity and nutrient status.

' Chapter 5: POTENTIAL FOR VEGETATION CHANGE

Approach

Having defined the main classes of vegetation in the study areas,
and described the land -characteristics, land-use history and .
management factors which influence the pattern of vegetation and-
its potential for change, the various pieces of information are
combined to consider what are possible and likely gradual changes
in vegetation between the recognised classes. Several strands of
evidence are listed below, none of them definitive, but. each
providing insights into the rate and direction of vegetation

~ change.

i. Associations between vegetation and land characteristics 1in -
the study areas indicate the classes of vegetation which are
row found in particular -environments, and thus suggest the
potential for change from one vegetation c¢lass to another in
such environments.

ii. General knowledge of the principles of the ecology of . key
plant species in upland vegetation classes permits a Summary
of how they are likely to respond to a particular management
factors.
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ii. Contr'olled management experiments are the only direct method
of| determining vegetation change. Results from the available
hhited number  of long-term experiments, ‘rélated to
particular vegetation classes, can give some information on
actual rates of change.
|

iv. Hlstorical evidence allows sectors in the study areas to be
' id¢nt1f‘ied on which management changed during a known period.
Examination of sites within these dated sectors provides

further evidence of rates and directions of vegetation
change.

|

Vegetation and land

The ociations between  vegetation ~classes [and  land
ci:aracte istics were examined in some detail because they show the
r'ange of conditions under which particular types of vegetation now
o¢cur, j:d by inference the range of potential vegetation with a
Egh prgbability of occurrence under particular envircnmental
conditions. The presence of different vegetation classes in the
same 1ar|d type, though partly related to other eavironmental
factors such as geology, is in part attributable to the: resuits of
agemenit practices. Such classes may often therefore be
interchangeable through management. The frequency of vegetation
classes in the land types showed that hill land types contained a
restrioct range of vegetation, mainly grassy and shrubby heaths
with some rough pastures. Upland land types have a greater range of
gfet.atiop with fairly distinct patterns of distribution. Upland
gin land contains the full spectrum of vegetation ¢lasses but
38 improved. pastures dominant with only a  limited ' extent of
shrubby heaths. Variation between study areas in the classes of
vegetation occurring in a land type results from the effects of
different, - techniques and intensities of land ‘management.
_sureneht, mainly from maps, of land characteristicas at the
corded sites enables associations between these characteristics
jd vegetation classes to be investigated. The results support the
lations :I.ps determined from the association between vegetation
id the grid square classification of land types, and provide an
a ternatite means of assessing vegetation options at a site.
Additional limited observations of soil characteristics show the
ilﬂportancé of soil acidity in controlling the occurrence of the
v =get‘.at;io groups and classes. The association tables presented can
b% used Eo indicate the range of vegetation which can !occur with
high probability at a particular site and interpret possible
options &t that site. This application 1is considered through a
h%pothet.i cal example. ' :
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Vegetation and management

Within the study areas no detailed investigation was possible of
soil characteristics or of the apecific management,  eg grazing
intensities, applied now or recently to individual recorded sites.
However, literature and experience have been used to tabulate the
general response of individual species, and of ‘the communities of
species which comprise the vegetation classes, to the gradual
changes in management outlined in Chapter 4, particularly burning
and grazing (Tables 5-11, 5-12). It is especially important to
determine the response of species within a plant community because
it is often the response to change of a few individuals of a few
species, present initially as minor components, which can determine
its future composition. This is emphasised in the record of
vegetation change resulting from controlled management trials in
Snowdonia,' where, after exclusion of sheep some Nardus grasslands
changed to shrubby heaths in 10 years while others, because of the
absence of dwarf shrub species in the original swards, remained as
grasslands but dominated by Molinia. Experimental management sites

visited outside the study areas, at Lephinmore and Redesdale

Experimental Farms, and at Moor House and Snowdon National Nature
Reserves, showed that increased grazing pressures can change
Calluna-dominated shrubby heaths to grassy heaths, and
Molinia~dominated grassy heaths to rough pastures (Agrostis/Juncus
and Festuca/Juncus grasslandé) in about 10 years, the latter change
also typically involving some surface treatment. Exclusion of
grazing from rough pastures and grassy heaths often produced a
marked change in species composition in 10 years, but this was
apparently followed then by only a slow succession towards the
ultimate alternatives of shrubby heath or possibly woodland,
depending on the location of the site and the nature of its
surrounding vegetatlon.

Historical evidence has been used to identify sectors in the study
areas in which intensive agriculture, probably at the time
supporting improved pasture vegetation, was abandoned at various
times in the past, allowing reversion to moorland vegetation.
Analysis of vegetation data from 124 sites in such sectors
indicated that within 40 years rough pastures were present on 40%

-of the sites, grassy heaths on 40% and shrubby heaths on 20%. These

proportions appear to remain generally stable for about a further
40 years, after which, through the period 80 to 130 years after
reversion, half of the rough pastures have developed into shrubby

‘heaths. The trend in reversion is ultimately towards the local type

of moorland vegetation. However, even more than a century after
intensive agricultural use ceased, the proportions of  vegetation
groups on reverted sites do not match those of the moorland core
which has not been modified at least during the past 200 years or

‘80, and which may never have been improved. It is not certain that
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the improved sites were initially like the present ﬁoorland, but
lassuming this to Dbe so0, their very slow rate of reversion can be
exp1a1 d by continued pressure on them of selective grazing by
domest stock even after mten.sive pasture management stopped.
‘Heavy . grazing favours the more rapidi.y growing finer grass species
by susfainmg pressure on coarser species that might otherwise
spread,! and maintains rapid nutrient cycling and a higher nutrient
status in the surface soil, while the residual effects of
applications of lime and fertilisers retard. the naturally slow
process| of increasing soil acidity which is necessary for
succession to grassy and shrubby heaths.

Predictil.ons of change at main sites

Evidence collected during the study has been integrated into an
assessment of possible trends and rates of change within and
betwee:ﬁhe vegetation groups. If the pattern of vegetation change
over the past 150 years is maintained, then transfers between
roorlan and farmland are likely to be concentrated in
a

pproximately 10% of the study areas which comprise the moorland
fringe. However, future change may not be so confined, and broad
assessments are therefore given of the degree of vegetation change
khat WO id ensue if the principles of gradual change 'were applied
in conditions of agricultural intensification or decline to levels
involving about a 50% inorease or fall in stock numbers. There are
clearly' reservations about assessing the possible outcome of
E:dual change in an area by treating all sites in a uniform way,

nd others which arise from the uncertain importance of gradual as

inst! major direct vegetation change in modifying upland
vegetation. With these reservations appreciated, overall
tredictions of . vegetation change through gradual response to
anagemént are summarised from the individual area accounts that
form Part II of this report. The overall short- to medium-term
Elo-ao ears) landscape impact of intensified agriculture would be
eater? than that of a declining agriculture. From the predictions
based lon general ecological principles, in an. intensified
Egricul#ure situation there would be a 60% increase in the number
of sites that are improved pastures, a 40% increase in the sites
hat le rough pastures, an almost stable _propbr_tién of grassy
eaths, jand a 65% fall in the proportion of shrubby heath sites. If
riculture were to go into a prolonged decline, then it is
redictTd that improved pasture sites would fall by 25%, rough
asture sites by 40% and grassy heath sites by 45%, while shrubby
eath sites are predicted as increasing by 70%. In an intensified
griculture situation, absolute increases of improved pastures could
e highest in Alwinton and Llanfachreth. th_'ubby"heathh would only
main prominent constituents of the vegetation in Alwinton,

' unedal*, Heptonstall and !a_byty Ystwyth, particularly §Lungdale. In
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a declining agriculture situation high relative falls in pasture
vegetation could oceur in Alwinton, Lunedale, Bransdale,
Llanfachreth, Ysbyty Ystwyth and Ystradgynlais, ~while shrubby
heaths would increase relatively sharply in all areas except
Lunedale, Heptonstall and Widecombe. :

Predictions of change from land types

Finally, in order to compare the predictions of potential gradual
change based on uniform treatment of site data against the results
suggested from major alterations of land-use in the study areas,
the possible effects are discussed of assumed maximum expansions of
agriculture or of forestry. These. alternative predictions are
calculated from the known extent of land types in the study areas,
and assumptions of the frequency of vegetation groups in the land
types in the agriculture expansion hypothesis, and of land-use
proportions in the land types in the forestry expansion hypothesis.
1ne agriculture expansion predictions result in vegetation group
changes that are of a_.similar order to0 those determined from
standard ecological principles of change applied to individual
areas are discussed. In considering a forestry expansion option the
extent of land suitable for agriculture, for forestry, and
remaining as unplantable hill, is respectively calculated as
potentially 33%, 37% and 30% of the 12 areas combined. Present
farmland and woodland (including planted forest) is given from ULS
data as comprising 21 and 10% respectively of these areas. The
theoretical scope for change is obviously great, though such
assessments omit local land factors and all social and economic
considerations. Accepting these limitations, the prediction from
this assessment is that Monyash, Glascwm and Lynton would remain
primarily agricultural; Bransdale, Heptonstall, Llanfachreth and
Widecombe would have approximately equal - areas devoted to
agriculture and forestry; Alwinton, S3hap -and Ystradgynlais would
have forestry as their most prominent land-use, while only Lunedale °
and Ysbyty Ystwyth would remain with substantial areas of unplanted
moorland hill, ' '

Conclusion

These predictions of change remain untested speculations. The site
data recorded in 1977, 1978 and 1979 at almost 1 100 sites in the
study areas can be used as a baseline for monitoring future change.
Monitoring observations need to be supplemented by experimental
management of selected sites within and outside the study areas as
appropriate. Only in these ways can a more confident understanding
be given of whether the predictions made here are being met, or
whether other factors, and non-gradual courses of change, become of
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overriFing importance in the modification of the'-presén-t vegetation
as an element in wupland landscape change. It 1is ’particularly
signif?.cant to upland landscapes as a recreational and wildlife
amenity that shrubby neath moorland vegetation cah be lost, even
though! 'gradual! change, in only a few years of altered management
©if this involves any degree of cultivation and fertiliser
applicftion, but may not be regained in its previcus form in
centuries when intensive use is abandoned, at least through natural
: trends;and under the historic forms of grazing management .
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BACKGROUND AND OBJECTIVES

Change in the British countryside has Dbecome a subject of
increasing discussion and concern. In New Agricultural Landscapes
the Countryside Commission (CC 1974) considered the impact of
contemporary agriculture on the visual character and wildlife of
lowland England, and presented 'fresh and deeply disturbing facts
about the nature and scale of change taking place in the appearance
of much of the English countryside'. Recent changes in the
intensively farmed lowlands of Britain, though conspicuous, affect
mainly the detail of areas already dominated by modern agriculture.
Changes in land-use are also altering landscapes and affecting
wildlife in upland Britain. In upland areas where past agricultural
use has been less intensive the effects of different methods of
farming can be more widespread, transforming the complete character
of the wuplands, rather than simply amending the detail in an
otherwise essentially unchanged picture.

Because upland character and history vary widely in Britain, the
nature and scale of past and contemporary landscape changes are not
uniform across the country. Most changes are immediate in their
impact, as when they result from major agricultural reclamation or
afforestation schemes. Additionally, changes that are more gradual,
Such as are brought about by limited modifications of traditional
management and use, may be effective in altering landscape
character over a longer term.

A desk study, Upland Land Use in England and Wales (ITE 1978),

outlined the general character ahd main land uses of the uplands,
indicating ways in which land-use is likely to change and the
effects such changes may have on landscapes and vegetation.
Following this work, the Department of the Environment (DOE)
considered that more detailed information was required about the
upland landscapes of England and Wales, the factors which control
their character and use, and the possible courses and rates of
gradual changes in their appearance, with particular reference to
vegetation. In consultation with the Countryside Commission (CC) 2
projects were initiated, the Upland Landscapes Study and this work,
Ecology of Vegetation Change in Upland Landscapes.

Consultants were engaged by CC to carry out the Upland Landscapes
Study (ULS) in 12 areas chosen to sample the geographic range of
the wuplands of England and Wales, from Northumberland in the
north-east to Devon in the south-west. The objectives of ULS were
to assess the present landscape character of the study areas; to
determine the attitudes of farming and land-holding interests to
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t?e@r future use; and to predict, from these attitudes and from
wider trends, the likely nature and scale of land-use changes that
cou}d affect the visual character of the study areas.

Because semi-natural vegetation is a prominent element in wupland
landscapes  and because the scale and types of gradual changes in
vegetation were less obvious than those resulting from abrupt
modifications of land-use, the nature and rates of such .changes
were considered by DOE to require particular study. The Institute
of Terrestrial Ecology (ITE) was commissioned by DOE to carry out

stu@ies based on the areas chosen for-—ULS, with the objectives
quoted below:

a; to identify and describe the oain vegetation categories in
"~ the study areas;

b. to .characterise the environmental  factors affecting
vegetation;

¢ to define the regional and national context of thé study
areas;

d; to determine the historical changes in land use and their
effects on the vegetation;

e. to relate vegetation and land use to environmental factors;

f. to define alternative management = practices for the
vegetation;

gi to 1dentify likely future vegetation patterns and options.

It #s the results-of this work by ITE under contract to DOE that
are reported here.

THE STUDY AREAS

For their study areas, ULS chose administrative parishes rather
than the alternative of using statistically distributed areas of
standard size to sample different regions, because agricultural and
other statistics were available on a parish basis. The parishes
were selected on 2 criteria. They were geographically spread to
sauqle 12 upland blocks based on the 18 main upland geographic
regions previously identified by ITE in reports to DOE (2.3). They
also had to be among those listed by the European Economic
Community (EEC) as falling wholly within 'less-favoured areas' with
'‘mountain and hill farming' (EEC 1975). In each upland block, ULS
selected at random one parish or, in some c¢ases, 2 adjacent
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parishes from the listed parishes in tnat vlock. The initial random
selection was not always accepted because of such considerations as
the number of farms in a parish, the location of the parish in
relation to a National Park, or a previous history of parish use
for questionnaire surveys. In such cases a further random selection
was made of an alternative parish in the upland block.

The study areas chosen for ULS are, with one exception, those also
used in the ITE study (Table 1~1). The exception is Monyash and
Hartington Middle Quarter in the Peak Distriect. ULS studied only
Monyash, but this parish is too small on its own in relation to the
others to have been suitable for the vegetation work, and an
adjacent parish wholly within the EEC 'less-favoured areas' was
combined with it in the ITE study. Figure 1-1 shows the location of
the study areas listed in Table 1-1 in relation to the main upland
geographic regions (see 2.3) of England and Wales, and Figure 1-2
tneir location in relation to the limits of the EEC 'less-favoured
areas'.

To appreciate the size of sample of the uplands that the study

areas represent, 330 hill and upland parishes within England and
Wales fall wholly within the EEC 'less-favoured areas', of which
the 15 in the sample are thus, in numerical terms, some 4.5%. In
extent, the study areas cover T46 km2, 640 km2 of which are above
244 m and 227 km2 above 427 m. Within the total area of England and
Wales (151 141 km?) the amounts of land above 244 m and 427 m have
been determined as 19 900 km2 and 4 700 km2 respectively. The study
areas therefore cover 3.2% of the land above 244 m and 4.8% of that
above 427 m, so that the data to be discussed are drawn from about
one twenty-fifth of the uplands of England and Wales.

STUDY PLAN AND REPORT PRESENTATION

The main lines of the ITE approach are now briefly described ‘in
relation to the objectives quoted in 1.5. The chapters which will
discuss each aspect in more detail are indicated.

So that the study areas may be appreciated in context relative to
each other and, so far as possible, to the uplands of England and
Wales regionally and nationally, their land characteristics are
compared in Chapter 2 (Objective c¢).

Vegetation data were collected from about one thousand sites mainly
covering widely distributed vegetation types in the range between
agricultural grassland and heathy moorland. These data have been
used to produce a classification that forms a framework for
discussion, interpretation and future use (Chapter 3; Objective a).
Limited woodland vegetation data were also recorded. :




TABLE 1-1 THE STUDY AREAS - LOCATION AND BIZE

Btudy Avesd Upland - County National P;rk {NP)_ Aros (klz)z Ordnance Survey Maps covering Study Aress -
Geographic Region 1:50 000 mcale 1:25 Q00 mcale
ALWINTOR (AL) Cheviot Northumberland Northumberland N P 188 . . 80 NT 70, 1;1, 80, 81, 90, Bl
(in part) )
LUNEDALE (LU) ' Northern Pennines Durhaw 93 o1 NY 72, 61, 82, 02
BEAP RURAL AND BHAP (88) Lake District Cumbris Lake District K P 113 g0, 81 NY 40, 41, S0, 51
n part)
BRANSDALE (BR) North York Moors North Yorkshire North York Moors N P 32 84 NZ 50, 59, 60, 69
HEPTONSTALL (HE) Southern Pennines ¥West Yorkshire . 23 103 8D 92, 83
%ﬂ-&—“w‘xﬂ“ﬁgfm" Peak District Derbyshire Peak District N P 3e 110 5K 06, 16
LLANFACHRETH (LL) Snowdonia Gwynedd Snowdonis N P 72 124 88 {1, 72, 82
YSBYTY YSTWYTH (YY)} Cambrian Mountains Dyfed ’ 54 1358 BN 78, 77, BG, 87
w {GL) Radnor-Clun Forests Powys 37 148 80 15, 186
YSTRADGYNLAIE HIGHER AND Brecon Mountains Powys Brecon Bescons NP 48 180 BN 71, 81, B2 *
GLYNTAWE {¥G) {in part)
LYNTON (LY) Exmoor-Brendon Hills  Devon Exmoor ¥ P 3z 180 85 64, T4
YIDECOMBE IN TEE MOOR AMD  p ;g Devon Dartmoor N P 51 191, 203 8X 67, 77, 78

BUCKELAND IN THE MOOR (WB)

1 The study areas are arrsnged from northernmost to southernmost. Underlined sbbrevistions for combined parish
study areas, or the initials given, are used as convenient in text and tables.

2 Aros to nearest m? from the 0.25 =? grid sguares falling entirely or domipantly in the study areas., This
cap differ by 1-Z im? from the sres within sdaipistrative boundaries.
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1.12 The physical environment of the study areas has been assessed from
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map-derived land data. A classification based on these data divides
the study areas as a whole into 7 land types in 3 land groups. Land
use factors that influence the past and present distribution of
vegetation have been considered from documentary and map sources
for historical aspects, and through a review of management methods
that can induce gradual change in the balance of plant species
(Chapter U; Objectives b, d and f).

By comparing the vegetation class at a site with land
characteristics at the site and with the land type in which the
site ooccurs, associations are found ‘which allow quantitative
interpretation of the present relationships between vegetation
class occurence and physical environment factors. Recent land-use
history can be partially determined at some sites so that this
history can be compared with the present vegetation. The reactions
of key plant species in the vegetation to management factors that
cause gradual change are alsoc described from general ecological
principles. These approaches, considered in Chapter 5, allow an
agsessment of the frequency of occurrence of particular vegetation
in specified situations. From the frequencies with which each
vegetation class actually occurs, the potential for it to occur at
a site with particular characteristics, or to develop there through
gradual change from the vegetation that is present, can be
inferred. In order to strengthen, so far as presently possible, the
interpretation of data from the study areas, additional locations
outside them for which Bome experimental management evidence
concerning gradual change was available were also examined.
(Objective e).

The predictions of vegetation change made in this study have had to
be drawn from examination of the present vegetation at a large
number of sites, and from the application of general ecological
principles and broad land-use assumptions. Chapter 5 includes a
summary of the scale of change predicted from ecological principles
for individual study areas, and alternative approaches to possible
change if agriculture or forestry were to be expanded to their
assumed maximum potential. (Objective g).

The report is in 2 parts. Part I (Chapters 1 to % as summarised

above) is a general consideration of the ecology of gradual

vegetation change in upland England and Wales, based on combined

- data from the study areas. Part II briefly considers each study

area individually, summarising its land and settlement
characteristics and history and its vegetation as recorded in this
study. The individual accounts conclude with assessments of the
scale of vegetation change that can be predicted for each area,
applying the general principles discussed in Part I. These
predictions are made by uniform application of the expected trends




of change to all sites of the same vegetation class, regardless of
individual site characteristics of environment, actual or potential
management, and history. More specific consjideration of the

potential for change at each site is not possible with the
information available.
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2 S'ITUDY AREAS IN THEIR GEOGRAPHIC CONTEXT

INTRODUCTION

In order to consider the relationship of the study areas to th
regions in which they occur and to the uplands as a whole, thi
chapter describes the main land characteristics and land-uses o
the 12 areas. The approach used first compares their average
characteristics with those of the regions in which they occuﬁ
(2.4); next compares the study areas with each other, summarising
the position of each within the ranges of upland character theﬂ
cover as a group (2.5-2.35); and then considers them in relation t¢
a provisional national land classification of the wuplands of

. England and Wales (2.36-2.37).

Emphasis is placed on natural environmental features of the study
areas and regions - their climate, physiography, geology and soils
- because these are important in determining the current pattern of
vegetation. Definition of the environmental character of the study
areas should also assist consideration of the results of this study
in relation to other parts of the uplands, regionally and
nationally. In this respect it should be emphasised that the
selection of the study areas was not intended to ensure that they
represent the average conditions of the regions in which they are
situated, but, as shown later in this chapter, they as a group do
cover most of the national variation in upland conditions.

Before relating land characteristics of the study areas to those of
their geographic regions, it is necessary to describe briefly how
these regions have been defined. In the desk study previously
referred to (condensed for publication in ITE 1978) ‘upland' was
defined as those 10 x 10 km grid squares of the national grid which
contained U4% or more land above 244 m (B00 ft) OD, and ‘core
upland' as squares with more than 50% land above 244 m OD. The
'upland' squares were grouped into regions which were given names
based on widespread usage. Figure 1-1 showed the position of the
study areas in relation to these upland regions, and Figure 2-1
shows that the study areas fall mainly with 10 x 10 km grid squabeq
classified on simple altitudinal grounds as ‘'core upland'. Three
study areas lie in part in what can be described as marginal upland
squares, ie with less than 50% of their land above 800 ft, but only
Widecombe does sc to a substantial degree. The concentration of
study areas in the core upland is because the parishes are in the
EEC ‘'less-favoured areas' and these cover the more positively
upland sectors of Britain (see 2.37). It is reasonable in relation
to this study for the study areas to be concentrated in this way
because more probabllities for gradual'vegetation change are 1likely
to remain in this upland sector than in the already generally
intensively used 'marginal' upland.
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STUDY AREAS AND GECGRAPHIC UPLAND REGIONS

Some average land characteristics of the study areas ({see 4.12 for
the source of these data) are compared in Table 2-1 with those of
the core regions in which they are situated. There are Dbroad
similarities and some contrasts to be seen between equivalent
statistics obtained for core regions and for study areas.
Particular points for each area are:

Alwinton includes relatively more high ground than the Cheviot core
region does as a unit, and has much less cultivated ground.

Lunedale has higher ground, steeper slopes and poorer average
Agricultural Land Class than the Northern Pennines core region,
with much less cultivated and improved ground.

Shap Rural and Shap include relatively rather more high ground than
the Lake District core does, but are similar to the average for the
region in Agricultural Land Class and land-use.

Bransdale has closely comparable ranges in the listed
characteristics to those of the North York Moors core region,
except for a much lower area of tillage..

Heptonstall is similar in its average statistics to the Southern
Pennines core region, though it has rather more steep slopes and
grade 5 agricultural land.

Monyash and Hartington Middle Quarter have rather less high ground,
less steep slopes, more grade 3 and 4 agricultural land, and less
rough pasture than has the Peak District.

Llanfachreth is closely comparable to the 3Snowdonia core region as
a whole,

Ysbyty Ystywth has more high ground and less grade 4 agricultural
land, tillage, and improved grassland, than does the Cambrian
Mountains region.

Glascwm is generally comparable to the Radnor-Clun Forest region.
Ystradgynlais Higher and Glyntawe have less land which is of better

than agricultural grade 5 quality, and also much less tillage and
improved grass, than the Brecon Mountains core region,




. FIGURE 2.1 STUDY AREAS IN RELATION TO |
UPLAND GEOGRAPHIC 'CORE' REGIONS ?
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Study Area symbols (81,1u, etc.) as given In Table 1.1

Geographic reglons mmbered as in Figure 1.1




TABLY 2-1 GENERAL CHARACTERISTICS OF THE STUDY AREAS AND THEIR REGIONS

Agricultural Land Grade

Agricultural Lang 1J-e3

Land with
N 2 Land above Land above slope mOYTe Other Improved

-Study area and region 244 m 427 = than 5 3 4 5 use Tillage grass
Alvinton, Cheviot 21 {81) 65 (21) B3 (76} 0 (1) 0 (7) 85 (B4} 15 (8) 0.4 (32) 5 (21)
Lunedsle, North Pennines 10G (87} 74 (40) 58 (34) 0 (3) 5 (20y 95 (70) 0 (6) 0 (11) 8 (31)
Ehap, Lake District 93 (76) 54 (32) 61 (72) 0 (2) 20 {(18) 75 (T1) 5 {(9) 1 (10) 25 (39)
Bransdale, North York Moors 88 (57) 3 (o) 57 (43) 0 (4 15 (17) 75 {T2) 10 (6) 2 (46) 20 (25)
Beptonstall, South Pennines 92 (75) 2 (9) €2 (41) 0 (6) 20 (36) 70 (43) 10 (15) 0 (3) 20 (59)
Monyash, Peak District 88 (78) 1 (1) 42 (68) 15 (6) 70 (42) 15 (40) O (12) 4 (8) 89 (58)
Llsnfachreth, Snowdonia 65 (77} 28 (28) 89 (84) 0 (1) 20 (17) 65 (64) 15 (19) 1 (5) 16 (25)
¥sbyty Yetwyth, Caxbrian Mountains 90 (79) 51 (24) 69 (82) o (0) 0 (23 80 (58) 10 (19) 1 (™ 12 (45)
Glascwr, Paduor Clun Forests B5 (80) 23 (13) 75 (83) 0 (6) 50 (56) 45 (29) 3 (0) 5 (14) 35 (55)
Ystradgynleis, Brecon Mountaing 84 (7T) 32 (23) 61 (62) 0 (3 10 (29) 85 (49) 5 {19} 1 (11) 16 (55)
Lynton, Exmoor - Brendon Rills 75 (85) 0 (10) 74 (52) 0 (6) 50 (47) 50 (38) ¢ (B) 3 (16) 54 (60)
Widecombe, Dartmoor 84 (87} 6 (35) 76 (28} 5 (8) 30 (13) 55 (74} 10 (5) 3 (14) 3¢ (26)

Data as percentages Of the total ares of study areas angd core regions, with regions in parenthesis

1 Study ares averages Irom the 0.5 x 0.5 km aquares compriwing the study ares

2 Core region averages from the characteristice of 10 x 10 ko sguares comprising the core reglon (Figure 2-1)

3

Land use proportions for the regions are as § tbtai agricultursl land; <for the study areas a8 % total ares

1T
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Linton is generally closely similar to the Exmoor core region in
the characteristics tabulated.

Widecombe and Buckland have less high ground and more moderate to
steep slopes, with less grade 5 agricultural land than the Dartmoor
core region.

COMPARISONS BETWEEN STUDY AREAS
Study area summaries

Turning to the land characteristicas of the study areas in relation
to each other, a brief relative summary is given here for each,
drawing from the quantitative, physiographic ‘and topographic data
recorded on Ordnance Survey {(05) maps (4.12) and from published
nétional map sources covering rainfall (Meteorological Office
1977); temperature (Meteorological Office 1975b); soils (Soil
Survey 1974); and Agricultural Land Class (ALC) (MAFF 1976). Plates
118 are aerial photographs which illustrate important facets of
the terrain and landscape character of the study areas.

Alwinton - has generally high altitudes with strong relief and
mainly moderate to steep slopes, and a low settlement density and
road frequency. It is (with Bransdale) one of the areas of lowest
rainfall but is also relatively cold and therefore has one of the
shoertest growing seasons among the study areas. 3o0ils are
dominantly peaty and hence 4in such a climate are of low
agricultural potential. This is reflected by Alwinton having no
land graded above ALC 5. (Plate 1)

Lunedale - also is of generally high altitude but has relatively
low average relief and malnly gentle to moderate slopes, and has
low settlement density and road frequency. With Alwinton and Shap
it is one of the coldest of the study areas, and, like Shap, it has
high rainfall. It contains a very high proportion of peaty soils and
has only 5% of its area graded higher than ALC 5. (Plates 2, 3)

Shap Rural and Shap - as a whole have relatively high altitude,
strong relief, and mainly gentle to moderate slopes with some steep
slopes in the west. This area has overall a low average settlement
density and road frequency. It is relatively cold with high
rainfall. There is a sharp contrast between the north eastern
corner of the study area which has relatively high settlement
density on moderate altitude land of ALC 4 with mainly mineral
soils over limestone, and the bulk of the area which has mainly
peaty-surfaced upland soils of ALC 5. (Plates 4, 5)
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Bransdale - is characterised by relatively low altitude and relief
with mainly gentle to moderate slopes. It has a moderate road
frequency but low settlement density. Climatically it is the area
of lowest average rainfall and it has moderate winter temperatures.
It is of moderate to low ALC {(15% class 4) in conformity with a
dominance of poorly drained soils. (Plates 6, 7)

Heptonstall - is of relatively low altitude and relief and gentle
to moderate slopes. This area has a high settlement density and
moderate road and field boundary frequencies. Settlement and access
here are related more to past industrial history than to
exploitation of a high agricultural potential. It is of moderate
rainfall and moderately cold winters. With its dominant very poorly
drained peaty-surfaced and peat soils it is of low average ALC.
(Plates 8, 9)

Monyash and Hartington Middle Quarter - are alsoc of relatively low
altitude and relief with gentle slopes and a high settlement
density, road and field boundary frequency. This area has the
higheat proportion of ALC 4 land among the study areas and includes
15% land in ALC 3. Although climatically relatively cold, rainfall
is relatively low. The area dominantly has freely drained mineral
30ils overlying limestone. These have given a higher agricultural
quality than is found in other study areas under similar climatic
situations. (Plate 10)

Llanfachreth - is overall of relatively moderate altitude but this
average masks a substantial range. This area has the strongest
average relief, and a high proportion of moderate and steep slopes.
Settlement density and road and field boundary frequency are
relatively high. Llanfachreth is of high rainfall but relatively

warm temperatures. It is moderate in its soil conditions and ALC.
tPlates 11, 12)

Ysbyty Ystwyth - has high average altitudes but moderate relief and
mainly gentle and moderate slopes. It 1is also of moderate
settiement density but has low road and field boundary frequencies,
The mining history of the area caused increased settlement beyond
what would have been likely to have happened on purely agricultural
grounds, since it has relatively high rainfall, and moderately cold
temperatures, a moderate to poor soil quality and no land graded
higher than ALC 5. (Plate 13)

Glascwm - is moderately high in altitude, with strong relief and a
wide slope range, but dominantly moderate slopes. Settlement
density and road freqency are moderate and field boundary density
high. A relatively dry climate with moderately warm winter
temperatures and dominantly better quality soils gives relatively
high ALC, with 50% of the area in class 4. (Plate 14)
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Ystradgynlais Higher and Glyntawe - are of relatively high altitude
but of low average relief and gentle to moderate slopes, with a
moderate settlement density but low road and field boundary
frequencies. This is another area where settlement has followed
industrial influences rather than having an entirely agricultural
basis. Climatically, this area is of high rainfall with moderately
warm winters. Soils are not generally of good potential for
agriculture and only 10% is graded ALC 4. (Plate 15)

Lynton - is of relatively low altitude but moderate average relief
and slopes. Settlement density, road and field boundary frequency
are all relatively high, reflecting a relatively warm and
moderately wet climate with relatively good soils present, half the
area being of ALC 4. (Plate 16)

Widecombe in the Moor and Buckland in the Moor - are also of
relatively low altitude but moderate average relief and slopes,
with high average settlement density and foad and field boundary
ffequency. Again this study area is moderately wet but relatively
wérm in winter temperatures. Alsc as with Lynton, there is a
relatively high proportion of better soils for agriculture, giving
30% of the area in ALC 4. (Plates 17, 18)

Figure 2-2 summarises how the study areas stand in relation to each
other for a number of characteristics of land and land-use. Soils
and climatic factors, which are covered shortly, {2.24 and 2.29)
are included in this figure.

The interaction of physiography, geology, climate and soil in
general determines the land-uses which can economically Dbe
maintained in an area, although the extent to which natural land
use potential is realised (or expanded) depends on additional
social and economic factors. The physical environment thus provides

the foundation for contrasts between the land-use of upland areas.
Physiographic and topographic characteristics (4.2) are used as the
basis for a classification of land types in the study areas
(4.9-4.20), but here we summarise geology (2.20~-2.23), soil
(R.24-2,28), and climate (2.29-2.34) of the study areas and list
their principal land-uses (2.35).

Géology

A simple grouping of rock types of the uplands of England and
Wales, with their relative prominence in the study areas, is given
in Table 2-2. Information for this was drawn from published
(IGS 1957, 1977) and other maps of the Institute of Geological
Sciences., Sandstones, slates and shales are the most widespread
rock types in the study areas, as they are in the uplands of




Plate 1 Alwinton - Rounded hills with summit plateaux and steep-sided valleys in the north
of the study area, Drainage channels for forestry on plateau in foreground and
eroding peat on higher plateau in mid=distance.

(Photo by Dr. 8t. Joseph, Cambridge, No. BAJ 29, 5.1.1970)

Plate 2 Lunedale - Hill and high plateau land in the west-central part of the study area
around Closehouse Mine. The localised effects of extractive Industry are seen
and more broadly, the chequer pattern of cyclic heather burning used In grouse-
moor management on Blindgill Moss and Lune Head Moss.

{Photo, with the permission of Durham County Council, by Meridian Alrmaps Ltd.,
No. 16.72.194, 21,3.1972)




Plate 3 Linedale - Upland and upland margin land of the Lune Valley around Selset Reservolir,
The woods of Wermergill Hall are on the north shore of the reserveir. Contrasting
patterns In the large enclosure flelds of the valley, partly flooded by the
reserveir, result from poor soil dralnage,

(Photo, with the permission of Durham County Council, by Meridian Alrmaps Ltd.,
No, 16,72.0L46, 21,3.1972)
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Plate 4 Shap Rural and Shap - Fell country in the goutheast of the study area, with the
mineral Industry of the Shap granite quarries prominent in the foregrournd,
Wetl Sleddale reservolr is just visible in the extreme background,
{Fhoto by Dr. St, Joseprh, Cambridge, No, AOD91, 30.5.1966)

-




Shap Rural and Shap - Montane terrain of steep hill land in the southwestern
corner of the study area, with the head of Mosedale In the right foreground
and mid-distance. BRackeground hills lie outside the study area.

{Phote by Dr, St, Joseoh, Cambridge, Ne. BPA 7, 20.11.1973)

and

Bransdale = View southward that includes most of the study area, The farml

of “he dale floor is flanked by woorland ridges. Field boundarfes have few
trecs but narrow woodland picks out the siream courses,

(Photo by Dr. St. Joseph, Cambridge No. ARL1LO, 3.6,1967)




Plate 7

Plate 8

Bransdale = Rectangular enclosure flelds penetrate the moorland of Rudland Moor
in the southeast of Bransdale, the parish boundsry of which fgllows the old track

along the moorland ridge. The cratered effect is from shallow workings for low-
qualijvy coal,

(Photo by Dr. St. Joseph, Cambridge, No. A 22 69, 13.11.1969)
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Heptonstall - View over the east of the area, with the edge of Heptonstall village
and the settlements of Slack and Colden. Deeply Incised wooded valleys of the
Hebden and Colden Waters bound the study area, Farmed land adjolins the road
access westwards towards the moorland.
(Photo, with the permission of West Yorkshire Metropolitan County Council, by
Meridian Alrmaps Ltd., No. 44.68,077, 13.6,1968)




pPlate 9 Heptonstall — Western end of the study area on the plateau of Heptonstall Moor
arouni the Gorple Reservoirs,
(Photo, with the permission of West Yorkshire Melropelitan County Councll, oy
Veridian pirmaps Ltd., Wo, L4.68,212, t3.6.1968)

Plate 10

Monyash and Hartington Middle Quarter - Monyash village in a completely
agricultural lsndscape of fields with stone wall boundaries on an upland
plateau of Carboniferous Limestone. The head of Lathkill Dale-Fern
Dale 1s seen Just cutting into the platean in the lower right corner,

{Photo, With permission of Derbyshire County Council, by Clyde Surveys
Ltd,, No, 71L5-15 009, 6.8,1972)




Plate 11

Llanfachreth - Small, Irregular fielgs of the farmland around Llanfachreth
village in the southy Forestry Commission Plantations of Coed-y-Brenin in
tha west and north-west; hill ground of Cerniau and the footslopes of Rhobell
Fawr in the cenire and east (Photo, with Lhe permission of the University
College of Wales, Aberystwyth, by Clyde Surveys Ltd., No. 7178.2,228,
September 1971)

Plate 12

Llanfachreth = Slopes of Rhobell Fawr in the north west; valley of the Wnion
in the southeast with wooded subsidlary valleys, and a landscare dominated by
tree snd hedgerow - bounded irrsgular fields arocund Rhydymain, Thls plate
overlaps on the west with the eastern margin of plate 11.

(Photo, with permission of the University College of Wales, Aberystwyth, by
Clyde Suwmeys Ltd., No. 7178.2.259, September 1971)




Plate 13 Ysbyty Ystwyth — Hill sector in the southeast of the area, under snow. High
plateau terrain cut by deep valleys with a forestry plantation conspicuous
in the left foreground.

{Photo by Dr. St, Joseph, Cambridge, No, BAN7, 7.1,1970)

Plate 14

tlasew: = View in the north of the study area showlng its domfnantly agricultural
character with hedgerow - bounded flelds,

Isclated remrants of unimproved land
vith serub wocdland avd heath vegetation remein, as arowy: Gralg Fawr, the hill in the
toreeround and middle distance,

{Photo by Dr, St, Joseph, Cambridge, No. AZWS5, 5.11,1967)




Plate 15

Ystradgynlals Higher snd Glyntawe = View north along the well-wnoded farmland
of the Tawe Valley, flanked by open hill with mining activities; open=cast

¢oal workines in the foreground; and stone guarrles In the central mid-=distance,
{Photo by Dr. 3t, Joseph, Cambridge, No, CA 718, 4.8,1976)

Plate 16

Lynton = A complete view of the study area, looking approximately southward,
Steep coastal cliffs and the twin settlements of Lymton and Lynmeouth In the
foreground, Wooded valleys penetrate between agricultural ridges in the
mid=distance, In the background, tongues of moorland run nerthward from the
high core of Exmoor south of the study area,

{Photo by Dr. St. Joseph, Cambridge, No. BCU 71, 3.7.1970)




Plate 17 Widecombe in the Moor and Buckland in the Moor - In the foregreund, common land
of heath vegetation 1s conspicucus.

Deciduous woodland, or cleared woodland sreas,
follow the river courses.

The farmed land has a contrast in field boundaries,
Generally smaller, older filelds have frequent trees picking out their hedgerows,
Younger enciosures of larger fields are generally without hadgerow trees.
{Photo by Dr. 8t. Joseph, Cambridge, No. 7O0H~F6L, 27.7,1973}

B T e

Flate {8 Widecombe in the Meoor and Buckland In the Moor = Boundarfes of an archaeological

site, "Foales Arrishes®, ¢, 2 km ESE of Widecombe village on Blackslade Down
near the eastern border of the area, consplcuobs on uncultivated moorland,
{Photo by Dr, St. Joseph, Cambridge, No. AFG 92, B8,6.1962}
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TABLE 3-2

ROCK TYPES IMPORTANT IN THE STUDY AREAS

Study Ares |

Sandstones

Shales
and
Slates

Solid Geology

Granite (Acidic

Limestose Intrusive

Dolerite (Basic

Intrusive Voleanic

Rocka

Ignecous Rocks)

I Rocks

Surface
Geology

Deap
Glacial
Drifta

Pe

At

Alwinton
Lunedale
Shap
Bransdale
Heptonstall
Monyash
Llanfachrsth
Ysbyty Yatwyth
Glascwm
Yatradgynlais
Lynton

Widecombe

1 Peat probably important in surface geology (3.27)
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England and Wales as a whole. The sandstones are mainly of
Carponiferous age, except for the Jurassic rocks of Bransdale,
while the shales and slates include, as well as rocks of these
systems, rocks of Ordovician and Silurian age. Limestone is only
prominent in limited areas of the uplands, particularly in sectors
of the Lake District, Northern Pennines, Peak District, Brecon
Mountains and the South Wales Coalfield. In the study areas Monyash
consists entirely of limestone, and this is also important in the
north-eastern part of Shap. Granite outcrops are prominent features
of the Cheviot, Lake District and Dartmoor regions, while volcanie
rocks are most widespread in the Cheviot, Lake District and
Snowdonia regions. The geology of the study areas is generally
representative of the range of rock types in their regions, but the
Peak District does not consist wholly of limestone, as Monyash and
Hartington Middle Quarter do.

It would require more than the available space to deal
comprehensively with the role of geology as one of the main
soil-forming factors which, through soils, influence vegetation, In
general, higher ground in the uplands is relatively free of glacial
drift cover, so that rock exposures are frequent, and shallow 3soils,
directly related to underlying rock material, are typical. On
gentle slopes where rainfall is heavy and temperatures low, deep
peat may well have accumulated over rocks and glacial drifts of
inherently low fertility. A surface cover of deep glacial drifts
typically gives deeper 30ils than are derived from most seolid rocks
in the uplands. Drift soils may be freely-drained on moderate
slopes in areas of relatively low rainfall, or may be
poorly-drained and frequently have peaty surface horizons on
gentler slopes in areas of higher rainfall. Glacial drifts are most
often located - on valley floors and lower slopes or in
moderate-altitude plateau situations. Limestone, when pure, as it
weathers leaves a negligible amount of inscluble residue to form
soil and is typically found to be covered with thin drifts of
non-limestone origin, but it in general maintains, under such thin
cover, a high enough lime status in the so0il to prevent heath
plants establishing themselves or peaty material accumulating at
the s0il surface. Volcanic rocks are very variable in their
chemistry, ranging between silica-rich types, comparable chemically
to granite and sandstones, and iron/magnesium/calcium-rich types,
comparable chemically to dolerite and slightly calcareous
sedimentary rocks.

Purely in chemical terms, considering the 'quality' of rocks as
s0il parent materials capable of producing soils of inherently high
fertility, the rock types listed in Table 2-2 can be roughly ranked
from 'better' (>») to - 'poorer! as limestonexshale/slate,
intermediate volcanic rocks and dolerite»granite, sandstone and
acidic volcanic rocks. The position is much more compiex than this
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in reality. Parent rock type requires detailed assessment in terms
of its chemistry, mineralogy and weathering rate; the nature of
glacial, periglacial and alluvial breakdown and transport of rock
is locally variable; rocks weather differently in response to
different climates; and rock debris, which makes up the mineral
part of soils, accumulates differently in response to local
landform.

There is greater geological diversity in some regions than others.
The Lake District and Snowdonia particularly include a wide range
of rock types of very contrasting chemistry, mineralogy, and mode
of formation, with resulting direct effects on soils and hence on
vegetation (see for example a study of Snowdon soils by Ball et al
1969). Other regions, such as the Cambrian Mountains or the North
York Moors, have a less varied range of rock types.

Soils

The natural character and land-use capabilities of any land are
substantially affected by the properties and distribution of its
so0ils. Geology, physiography and climate are main factors affecting
30il development, and they, with the soils, all interact to provide
an environment most appropriate for the growth of a particular
range of natural and semi-natural vegetation or for a particular
type of land use. A general consideration of the upland soils of
Britain is given by Ball (1978). No detailed assessment of 30il
type and properties at the sites at which the vegetation was
recorded was possible in the study, but a limited series of =s0il
observations was made. (See 5.26-28) The general character of soils
of the study areas can be ocutlined from the broad picture provided
by the national soil map (Soil Survey 1974). Further information is
avallable in district reports or unpublished maps for some study
areas but no more detailed soil maps yet cover them all at a
consistent level, a position due to change over the next few years
through the current mapping programme of the Soil Survey of England
and Wales.

The national s0il map includes 12 mapping units that are complexes
of 'soils of the uplands and humid lowlands'. Nine of these occur
in the study areas. Of the 3 not represented, 2 are 'humid lowland®
units. The only upland =o0il unit not represented in the study areas
is one dominated by bare rock and skeletal soils, mapped in the
most montane sectors of the uplands ¢f England and Wales, in the
Lake District and Snowdonia. This end of the upland range is not
strongly represented in the study areas. The extent of the national
s0il map units in each sStudy area is given in Table 2-3.




TABLE 2-3 BOIL UNITBS IN THE BTUDY AREAB
Soil Mapping Unit
60 83 84 66 88 89 70 71
Study Ares Brown Earths + Brown Brown Earthe + Brown Btagnopodzols + gtagnogleys + Stagnogleys + Stagnchumic Raw Peat Soils
Rankers or Stugnogleys Podzolic S8tagnohumic and Brown Earths Browvn Earths, Gleyas + + Btagnohumic or
Rendzinas and and Brown Boils + Humic Gleys, Brown Podzolic Peat Boils, Humic Gleys,
Bare Rock Podzolic Boils Brown Brown Podzolic Soils, and Humic Gleys, Earthy Peats and
Earths Soils, Rankers Stagnohunic and Stagnopodzols
and Peat Solls Gleys Stagnopodzols
Alwinton 75 25
Lunedale 25 75
Shap 10 85 5
Bransdale 25 75
-
0
Heptonstall 10 40 50
Monyash
Llanfachreth 58 45
Yabyty Ystwyth 15 50 98
Glascwn -1} -1
Yatradgynlais 100
Lynton 100
¥idecombe 10 80 10

Dats as percentage of study areas occupied by map unit, from sketch maps drawn from the 1:1 000 000 Nationmal Soil Map (5011 Burvey 1974)




2.26

2.27

2.28

The mineral soils of good drainage which dominate map units 60-64
have, in an upland context, higher agricultural potential than do
the predominantly peaty-topped or peat soils (units 66, 70 and T71),
or the poorly-drained mineral soils which dominate units 68 and 69.
In terms of a rough balance of soil quality, assessing more highly
those s0il units with a wider potential for productive use, then
Monyash, Glascwm and Lynton are better than Widecombe and
Llanfachreth, which are better than Shap, Yabyty Ystwyth and
Bransdale, with the remaining areas being of lowest soil quality.
The use of the already very simplified national map in this way
must not be taken too far, as clearly the agricultural sectors of
parishes such as Heptonstall and Ystradgynlais include some soils
which are better than indicated by the dominant s0il of the
national mapping unit. With some deviations this ranking of the
study areas in terms of general soil quality corresponds te that
from the Agricultural Land Classification (Figure 2-2, Table 2-1).
Soil of course is one criterion used in the assessment of
Agricultural Land Class.

Comparing Tables 2-2 and 2-3 there are apparent discrepancies in
the importance of peat in the study areas. 'Peat' as defined for
the geological maps is of greater depth and purity than is required
for the soil map to give 'peaty' soils. Llanfachreth and Ysbyty
Ystwyth therefore should also be considered, from ecological and
pedological standpoints as having sectors with significant
surface peat.

The soil mapping units can be further simplified into four c¢lasses
in terms of their dominant soils, grouped as: 1i. well-drained
mineral soils; ii. poorly-drained mineral solils; iii.
moderately-drained, peaty-surfaced soils; and iv. poorly- and very
peerly-drained peaty-surfaced or peat soils. From data derived from
the Soil Survey 1: 1 000 00C map, it has been estimated that the
uplands of England and Wales as a whole have 45, 20, 14 and 21% of
these four categories {(Ball 1978). Equivalent percentages in the
study areas are 27, 2, 33, and 38%, giving an apparent
under-representation in these areas, relative to the uplands as a
whole, of poorly-drained mineral soils, and an over-representation
of the peaty-surfaced soils. Despite reservations on the
over-simplified use of these data, there is probably a real
contrast here which is due to under-sampling of marginal upland by
the study areas, as marginal upland has a higher proportion of
mineral soils than does core upland. The core upland, as defined on
an altitudinal criterion (Figure 2-1), contains 33, 10, 23 and 34%
of these s0il categories, closer to the proportions found in the
study areas. The study areas on the whole then contain a reasonable
representation of most of the widespread upland soil associations.
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Climate

Turning to upland climate in England and Wales there are general
trends of falling temperature and rising precipation with
increasing altitude in any district. Superimposed on these trends
are gradients in rainfall from wetter in the west to drier in the
east, and in temperature f{rom warmer in the southern and coastal
areas to colder in the north and inland. Although no compatible or
compretiensive local climatological records are available for the
twelve areas, these general trends, and an impression of the
climatic contrasts between the study areas, are illustrated by the
data of Table 2-4.

Rainfall averages in Table 2-4 have been calculated for the study
areas from the extents in them of different rainfall bands sketched
from the national rainfall map {(Meteorclogical Office 1977). These
averages can conceal substantial variation as will be noted in
Part II for individual areas.

Temperatures have been determined from the approximate location of
the study areas on small scale maps (Meteorological Office 1975b)
which give temperatures reduced to mean sea level. There is a fall
in temperature with altitude (the 'lapse rate'), that is assumed in
calculations for the Meteorological Office maps to be 0.5°C per
100m for minimum temperatures, 0.6°C per 100m for mean
temperatures, and 0.7%c per 100 m for maximum temperatures. Actual
lapse rates vary according to location and season, and may be
higher than the values used, having been shown to average around
0.8°C per 100 m in the Pennines (Harding 1978, 1979). Table 2-4
gives average temperatures for the study areas as at mean
sea-level, and as adjusted from sea-level values to the average
altitudes of each study area, using the Meteorological Office lapse
rates.

In Figure 2-2 relative rankings of the study areas are included for
rainfall and temperature. Combining these, the study area climates
can be summarised as:

Cold and dry Alwinton

Cold and wet Lunedale, Shap
Moderately cold and dry Bransdale, Monyash
Mcoderately cold and moderately wet Heptonstall
Moderately cold and wet Ysbyty Ystwyth
Warm and dry Glascwm

Warm and moderately wet Lynton, Widecombe

Warm and wet Llanfachreth, Ystradgynlais




TABLE 2-4

CLIMATIC CHARACTER OF THE BTUDY AREAS

Climatic Cheracteristic Study Area
e e AL Ly [T} BR HE MH e LL Yy CL- R S . WB
1
Average Apnual Rainfall {mm) 1040 16878 2030 990 1395 1185 2110 1830 1245 2030 1420 1475
Average Annual Number of Deys
with Bnow Lying st 0800 hrs - se e 38 20 20 30 20 20 20 15 10 15
Temperatures Mean Datly Temperature,
2.7 2.7 . .

(reduced to mesn January o 3.0 3.2 3.5 3.5 4.5 4.2 4.2 4.5 5.5 5.0
sea lev¢1)3

¥esn Daily Temperature

July (oc; 14.7 15,2 15.2 15.8 18.0 16.0 15.5 15.7 16.2 16.0 18.0 16.0

Mesn Annusl Minimun

Temperature ¢y -10 10 -9 -6 -8 -9 -8 -8 -8 -8 -4 -6
Texperatures Average Altitude of

370

(adjusted to average Study Ares @ 480 380 290 340 330 310 410 340 370 270 310
altitude of study
area) Mean Daily Temperature, -

January (°C) 0.5 0.2 0.7 1.% 1.5 1.5 2.8 1.7 2,2 2.3 3.9 3.1

Mean Daily Temperature

July (oc; 12.5 12.3 11.9 13.8 14.0 14,0 13.8 13.2 14.2 13.8 14.4 14,1

Mean Annual Ninimum

Temperature o -11.8 -12.4 -10.9 -T.4 -9.7 -10,6 -7.5 -10 -9.7 -9.8 -5.3 7.5
Nean Annual Number of Days with 90 110 80 T 70 , 70 60 70 a0 60 80 60

Minimum Temperature less than 0 C

= W ON

As 3, but 1936-1970 averages

From small-scale map, 1941-1970 averages, (Met. Office 1975a)
From small-scale maps, 19411970 averages, {(Met. Office 187Bbh)

Calculated from the frequency of rainfall bands snd their clase means, taken from Meteorological Office, 1977, dats

(44
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Parry (1978) from data for accumulated temperatures above 4.4o(
(taken as a starting point for cereal growth), gives a small-scale
map of Great Britain showing ‘'climatically marginal’ and
'climatically sub-marginal' agricultural zones. Locating the study
areas approximately on this map suggests that Lunedale falls
entirely in the climatically sub-marginal zone (defined as having
temperatures below those required for cereal growth under almost
any conditions). Alwinton and the Shap parishes are partly
sub-marginal and partly marginal (defined as having temperatures
only Jjust suitable for cereal cropping, and hence particularly
sensitive to climatic change). The other study areas are all
climatically marginal, except for Lynteon, which is in part
non-marginal. It is necessary to appreciate in relation to such
generalisations that, as Parry's work has discussed, climates have
longer-term fluctuations, as well as considerable contrasts from
year to year, and that climatic fluctuations have been an important
influence on land-use changes in the uplands through historic time.

Gregory (1976) gave a comprehensive regional summary of climate in
the British Isles. His map classes the neighbourhoods of Lunedale,
Shap, Llanfachreth, 1Ysbty Ystwyth and Ystradgynlais as having
'‘mountainous climates'; that of Alwinton as being in part 'humid
temperate with a cold season' (C) and in part transitional from (C)
to a climate with 'cooler summers and colder winters'; and the
remaining study areas as being transitional between (C) and
'mountainous climates'.

Land-uses

Table 2-5 gives the categories of wupland land-use which are
important in each study area. Agriculture and woodland, together
with to a lesser extent conservation and recreation, are uses in
all study areas, but are only listed in the table for areas in
which they are particularly prominent.

STUDY AREAS AND NATIONAL UPLAND LAND CLASSES

In the third approach to setting the study areas in geographic
context they have been considered in relation to the distribution
of national upland land classes. The variation in land character in
the uplands of England and Wales was simplified in ITE (1978) by an
analysis of mapped physiographic, climatic and soil characteristics
recorded for 10 x 10 km grid square units. This analysis determined
the main environmental gradients present in the data for all the
grid squares ‘and defined, in a provisional national upland land
classification, 8 classes, 4 of 'high upland' and 4 of 'marginal
upland'. The initial division of the classification was comparable




TABLE 2-5 CONTEMPORARY LAND USES PROMINENT IN THE STUDY AREAS

S8tudy Area
Land Use Category

AL LU 88 BR HE MH LL YY GL YG LY WB

Agriculture1 *% % *k  kkk ok % X k& Kk
8port ] * * * *
Forestry * * * * * * *
Woodlands * * * * *
Water » * * *

Recreation L * * * * *
Conservation * * * * x * * *
Defence * *

Mineral Workings * * * *

1 Agriculture is emphasised only where intensive use dominates substantial
sectors (**) or all the study area (¥**%)
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to that mentioned earlier (2.3), as made on a simple altitudinal
basis to give upland ’'core' and 'marginal' categories. The class
characieristics are summarised in Table 2-6, where they are listed
in approximate order of decreasing environmental severity. The
relationship of the study areas to these classes is given in
Table 2-7. It is seen that the majority of land in the study areas
falls into sectors classified in the 'high upland' national land
classes. Only Widecombe, and to lesser extents Lynton and Alwinton,
fall in part into 10 x 10 km squares classified nationally as
marginal uplands.

Land composition of the study areas in respect of these national
upland classes compared with the uplands as a whole (Table 2-8)
shows that there is a reasonably balanced representation of 3 of
the 4 high upland classes and an over representation of 'Western
High Upland'. The under representation of the ‘marginal upland'
¢classes, which have a relatively high potential for agriculture, is
not critical to the present study. It is probable that in the
majority of such areas most options for gradual change in land-use
and vegetation have been pre-empted by past land use adjustment, or
remain available only in localities where the survival of
semi-natural vegetation is for reasons other than limited land-use
potential.

CONCLUSION

Analysis of the physiographic, climatic, geological and soil
characteristics of the study areas shows the range of land
character which they contain. The study areas represent the main
range of conditions in the 'core' uplands of England and Wales,
although it is only Widecombe and, less markedly, Lynton which
include to a significant degree the relatively 1low altitude and
gentle relief terrain of the 'marginal' national upland classes.

A wide spectrum of upland rocks and soils are strongly represented.
Climate ranges from relatively cold, dry conditions in Alwinton,
and also cold but wetter conditions in Lunedale and Shap, through
to a relatively warm, dry climate in Glascwm, and relatively warm
but wet conditions in Llanfachreth and Ystradgynlais. These
environmental features are primary controls which affect the
patterns of vegetation, present and future, and of land-use in the
atudy areas, recognising that vegetation and land-use interact with
each other, and that Jlocal land-use is influenced also by social
and economic factors. The primary environmental characteristics of
the study areas are reflected in the 'quality' of land they
contain, as assessed by the Agricultural Lﬁnd Classification. This
range runs from a dominance of the 1lowest grade {Grade 5) in
Lunedale, Alwinton, Ysbyty Ystwyth and Ystradgynlais, to a high




TABLE 2-6 LAND CLABSES IN A PROVISIONAL NATIONAL UPLAND CLASSIFICATION FOR ENGLAND AND WALES

National Land Class General Characteristics Major Regione in Which the Claey S8tudy Areas with High
is Most Prominent Proportion of Class
Montane Uplamd Very high altitude, very stromg relief, Lake District, Snowdonia

Western High Uplend

Midland High Upland

Northern High Upland

Bouthwestern Marginal Upland

¥idland Marginal Upland

Northeastern Marginal Upland

Southern Marginal Upland

very steep slope, very high rainfall,
low settlement density. ALC 5.

High altitude, strong relief, steep mlopes, Central Pennines, iLake Diatrict, Bnowdonia, LU} LL, ¥Y, YG, LY
high rainfall, low sattlement density. ALC 5, Cambrian Mountains, Brecon Mountains, Exmoor.

Moderately high sltitude, moderate relief, Bouthern Pennines, Pesk District, Cambrian MH, GL

steep slopes, moderate rainfall, mcderate Mountsins, Radnor-Clun Forests, Brecon

settlement density. ALC 4 and 5. Mountains.

Noderately high altitude, moderate relief, Northern, Central, and Southern Pencines, AL, BS, ER, HE
gentle slopes, moderate rainfall, moderate North York Mocors, Dartmoor,

settlement denaity. ALC 4 and 5.

Low altitude, low relief, gentle slopes, Cambrian Mountains, Bouth Wales Coaltfjeld,
moderate rainfall, high settlement density, Exmoor, Dartmoor.

[\
ALC 3 and 4, [+]
Low altitude, moderate relief, gentle Radnor-Clun Forests, Bhropshire Hills, L]

slopes, low rainfall, high settlement
density, ALC 3 and 4.

Low altitude, low relief, gentle slopes, Chaviot, North York Moors, Central and
low rainfsll, high settlesent density. Southern Pennines, Peak District.

ALC 3 and 4,

Very low altitude, low relief, moderate Shropshire Hills.

slopes, low rainfall, high settlement
density, ALC 2 and 3,




TABLE 2-7 EXTENT OF STUDY AREAS IN RATIONAL UPLAND LAND CLASSES

Study Area
National Land Class (see Table 2-8)
ALl B3 88 BR HE M LL YY GL YG LY WB
2
Montane Upland {5) 2 21 1 4
Weatern High Upland (8) 77 24 29 100 26 82
Midland High Upland (7) 14 43 100 100
Northern High Upland (8) 41 2 55 100 57 40
Southwestern Marginal Uplsnd  (2) 18
N
]
Kidland Margiosl Upland (1) [-11]
Northeastern Marginal Uplsnd {4) 7

Southern Marginal Upland (3)

1 Part of Alwinton lies in 10 x 10 km grid squares that fall mainly in Scotland, which were not classified in the provlnionnl
upland classification for England and Wales.

2 National land ¢lass reference numbers used in Table 2-B,




TABLE 2-8 REPRESENTATION IN THE UPLANDS OF ENGLAND AND WALES AND IN THE STUDY
... AREAS OF THE NATIONAL UPLAND LAND CLASSES S ——

National Upland Claasl

5 6 7 8 2 1 4 3
Percentage Occurrence of Provigional
National Upland Classes in the
13 8 9
Uplands of England and Wales 7 16 16 22 15
(on 10 x 10 km grid square basis)
Percentage Occurrence in Study Areas 6 44 14 30 1 4 1 0

8¢

Occurrence in Study Areas
Overall Occurrence in Uplands

Ratio

1 Class numbers &8 given in Table 2-7
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proportion of Grades 4 and 3 in Monyash, Glascwm, Lynton and
Widecombe. The current intensity of agricultural use in the study
areas, shown by the extent of tillage, improved grassland and rough
grazing, 1is closely correlated with the grade and extent of the
agricultural land classes. A wide range of upland land-uses as well
as agriculture is represented in the study areas.

The extent to which the study areas are representative of the wider
geographic regions in which they occur has not been investigated in
detail. However, comparison of environmental and. land-use features
shows that 7 of the areas have characteristics similar to the
average for t{heir regions. Of the remaining 5; Alwinton, Lunedale
and Ysbyty Ystwyth tend to have higher altitudes and steeper slopes
with an associated less intensive agriculture than their respective
regions as a whole, while Monyash and Widecombe have less high
ground, but gentler slopes and more intensive agricultural use than
is general for their regions.

With an acceptance that the study areas represent a reasonable
general sample of the parts of the uplands of England and Wales in
which vegetation change remains a prominent option, it is possible
to turn to the heart of this study: the upland vegetation of the
grassland-moorland sequence, and its relationship to land, land-use
history and management.
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3 VEGETATION

3.1

3.2

INTRODUCTION

Although small pieces of land with rare plant communities or
species are often of critical interest from a conservation viewpoint
it is in general the widespread more common vegetation which has
the maximum landscape impact in the uplands. Woodlands which may be
prominent in lower altitude marginal wuplands, but only minor
components of most higher upland vegetation, are considered briefly
later (3.25-3.31). Gradual change between the common elements of
"the grassland-moorland upland vegetation spectrum is the main theme
of this study. As a basis for considering such change it is not
only necessary to have detailed records of vegetation composition
in the sample of the uplands represented by the study areas, but to
be able to identify classes within this vegetation range as a means
of simplifying discussion. i '

ITE (1978) 1included description of broad categories of the
vegetation of sub-montane grasslands, moors and bogs and the main
ways in which these could change, but the categories used were not
drawn from detailed data or a comprehensive classification of the
vegetation range likely to be met between cultivated grassland and
little-modified moorland. The system of identification of
vegetation mapping units used by ULS* is based on an estimate of the
percentage cover of key species, that is the proportion in which
these key species are noted by eye as dominating the character of
an assemblage. Change however can depend on the presence of species
which are not conspicuous in cover estimates (see 5.58). This fact,
and the greater reproducibility over a wider range of season that
is posaible in assessments of vegetation based on species presence,
compared to the more subjective and seasonally variable estimates
of cover, decided the use of 3pecies presence records in this
report. It may seem surprising that no existing classification waa
available to pigeon-hole the vegetation of the recorded sites into
a convenient number of categories. Parta of the spectrum of British
upland vegetation have been described in detail by a number of
authors (eg Mcvean & Ratcliffe 1962; Birks 1973), and an important
National Vegetation Classification study is at present in progreas
at various centres under contract to the Nature Conservancy Council
but the only available classification which might have been
appropriate for uae here was that of Evans, Hill and Ward {(1977).
The vegetation they covered (see also Hill & Evans 1978) extends
beyond the range of habitats in our inveatigation to include more
montane categories but, at the other end of the spectrum, it does

®Part Il includes copies of the ULS vegetation maps of the study areas
by G. Sinclair
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not include the cultivated grasslancs. In order toc cover the fuil
range of grassland-moorland vegetation prominent in the landscapes
of fhe study areas ana hence, hopefully, most of the widespread
vegetation classes in the uplands of England and Wales as a whole,
a new classification has been produced based on plant species lists
recorded at 938 sites in the study areas. The new classification,
where it overlaps with that of Evans, Hill and Ward, gives broadly
similar results to the latter with no substantial discrepancies

(see Appendix 1).

Main Sites

The vegetation record which is at the centre of this study involved
field observations at a minimum of 70 'main site' locations in each
study area, tco give adeguate representation of the vegetation
range. Main sites describe those locations at which vegetation was
recorded to sample the farmland-moorland range, and they are so
termed to identify them from a smaller number of woodland and
roadside verge sites also recorded and from some supplemental
grassland-moorland sites examined later (5.066). Because the study
areas differed sharply in size (by a factor of almost 7 between
Heptonstall and Alwinton, see Table 1-1) the density of main sites
in each area varies considerably since their total number was kept
comparable in each area. The basis for spacing and location of sites
was the 1 kme grid. On 1:25 000 Ordnance Survey maps a rough
division of each area was initially made into sectora quite
uniformly dominated by farm fields or by open moor, and a complex
intergrade zone between these. Where because of study area size it
was necessary to spread recording sites reiatively widely, a
greater emphasis was placed on sampling the intergrade 2zone than
the more uniform farmland and moor sectors. The number of main
sites per km¢ or number of km? per site was adjusted to give the
order of 70-80 main sites in each area (Table 3-1, and see maps in
Part I1 for site locations), apart from larger numbers recorded in
Bransdale and Shap, two of the first areas worked in. The locations
of main sites to be recorded were marked on the 1:25 000 0S maps
before field work took place, rather than being subjectively chosen
on the ground.

Woodlands

Between 10 and 15 woodland sites were also examined in each area
(Table 3-1). This number was often sufficient to sample all
woodlands in a study area, but for the few more wooded areas it
gave a selection of the possible woodlands.
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TABLE 3-1 NUMBERS OF SITES AT WHICH VEGETATION WAS RECORDED

Numbher of Sites at Which Vegetation

was Recorded in:

Study Area
Farmland and Mcorland Woodland

'‘Main Sites' Sites
Alwinton (2) 80 10
Lunedale (2) 79 10
S8hap {1) 118 12
Bransdale (1) 88 15
Heptonstall 1 70 14
Monyash (2) 72 10
Llanfachreth (2) 72 18
Ysbyty Ystwyth (2) 'l 10
Glascwm (1) 71 11
Ystradgynlais {1) 70 12
Lynton (2) 71 12
Widecombe (1) 76 13
e
Year in which vegetation site data were recorded: (1) = 19877

(2) = 1978
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DATA COLLECTION: SAMPLING IN THE FIELD

In the field, attention was paid to ensuring that each recording
location was accurately identified from the point marked on the
1:25 000 map, so that the record would refer to a site that it
should be possible to relocate with reasonable accuracy for future
monitoring. In a few instances the original marked location
straddled a major management boundary or was, for example, situated
in a growing crop and not located in grassland or moorland
vegetation. Such sites were relocated to the nearest suitable
point. At each main site, plant species present were recorded from
a series of 6 concentric quadrats running progressively in size up
from 1 m2 to 5 000 m2. The analysis discussed here was based on the
final plant list from the 5 000 mZ2 quadrat at each site, since this
size is more appropriate to vegetation pattern in the landscape
than are the smaller quadrats, although in some cases it inevitably
combined a2 mosaic of vegetation.

Reasonable efforts were made to identify all plant species in the
field, particular care being taken to ensure that field surveyors
were consistent in their identifications and had back-up field
herbaria for the identification of difficult species. A standard
list of 198 species (Appendix 2) was adopted for field use at main
sites in order to avoid emphasis on rarities in the field and in
analysis, while covering all expected widespread speclies. Species
which present particular identification problems were amalgamated
in this list. Appendix 3 shows the field sheets used, 3a being that
for species at the main sites, coded as numbered in Appendix 2. The
procedure was to record all species present in the m? quadrat, then
move progressively through the larger quadrat sizes, noting
additional species only. This standard programme ensured a thorough
search for species in a convenient way. Cover data, noted in 3.2 as
not having been used in this report, were also recorded on this
part of the field sheet {see 3.8}. Woodland data, covering all
species present in quadrats up to 200 m?, yere recorded on a
similar sheet (Appendix 3¢) and a small number of roadside verge
sites were also recorded (Appendix 3d) for strips 10 x 1 m in
length, though little use has been made of these last data (3.32).

Site information {Appendix 3b) was also listed for the main sites,
covering notes on the presence of such conspicuous ground surface
features as boulders, ditches, tracks and evidence of burning. These
notes are drawn on in the later summary descriptions of vegetation
classes if a class is associated generally with particular ground
features. A specialist record of soll type at each site was not
possible but again limited notes, based on rapid assessments of
s0il texture, depth and drainage, were made, Four samples of the
surface zone (0-10 cm depth) of the soll at each site were taken
from the corners of the 200 m? vegetation recording quadrat to be
used for laboratory determination of so0il acidity, this being the
most easily obtainable single quantitative soil chemical measure
with which to correlate vegetation class occurrence.
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VEGETATION CLASSIFICATION

Species presence and species cover data sets for the vegetation
records from the 5 000 m quadrats at 938 main sites were analysed
separately by computer to give classifications using Indicator
Species Analysis (ISA). Appendix 4 gives a summary of this method
which is more fully considered by Hill, Bunce and Shaw (1975).
Although the cover data undoubtedly include material that it would
be jinteresting to study (it is hoped later to be able to compare
spedies presence and cover data and classifications f{rom these
sites) the classification based on species presence data is used as
the sole basis for discussion in this report. The vegetation groups
and classes of this classification provide a simplified means of
discussing associations between vegetation and the characteristics
of land and management which control it, but the vegetation detail
contained in a full species list from a site may also often require
consideration in assessing that site's individual potential for
change. The same vegetation class, which can occur with or without
a particular minor species, may respond to the same management by a
different direction, or at least rate, of vegetation change, as
mentioned later (5.58-59) for a situation in Snowdonia. Thus,
althougn the principles of gradual change in relation to envircnment
and management are discussed in this report largely with emphasis
on the changes between vegetation classes, a species list
(Appendix 2) (or at least an abbreviated form of this, see 3.10) is
an essential element to assesd fully the potential changes possible
on any particular site. A separate classification of the woodland
sites was drawn from a wider national woodland scheme, and this is
discussed later (3.24-31) after consideration of the main site

classification of the grassland-moorland range based on species
presence.

MAIR SITE VEGETATION CLASSIFICATION

Sixteen vegetation classes have oDeen established from ISA of the
species preésence data from 938 main site vegetation records in the
12 study areas. The classes fall into Y4 broad groups named as
Improved pastures; Rough pastures; Grassy heaths; and Shrubby
heaths. The first 2 of these are a farmland element in the
vegbtation‘r‘ange, the others a moorland element. Table 3-2 gives
tne classes in each of these groups, arranged in an order intended
to ‘emphasise the ecological relationships between the classes as
they are outlined in paragraphs 3.11-3.17. The class numbers are
those allocated by the classification analysis and are included
here to allow them to be used for brevity in discussion later. The
classes have been glven descriptive names based on prominent
species in them. Appendix 5 1lists the species which characterise
each class, ordered alphabetically in fconstancy groups'. Constancy




TABLE 3-2

VEGETATION CLASS COMPOSITION OF MAIN SITE VEGETATION

GROUPS (BASED ON SPECIES PRESENCE CLASSIFICATION)

Group 1

Improved Pastures

Group 2.

Rough Pastures

Group 3

Grassy Heaths

Group 4
Shrubby Heaths

Herb-rich Lolium
grassland,
Class 4

Lolium grassland,
Class 2

Lolium/Trifolium
grassland,
Class 3

Lolium/Holcus/
Pteridium
grassland,
Class 1

Agroatis/Holeus
grassland,
Class 7

Agrostis/Juncus
grassland,
Class §

Festuca/Agrostie
grassland,
Class 8

Festuca/Juncus
grassland,
Class 6

Festuca/Nardus/
Vapetnium heath,
Class 15

Festuca/Nardus/
Molinia heath,
Claas 16

Festuca/Vaceintun
heath,
Class 14

Calluna heath,
Class 13

Calluna/Molinta
Vaceinium heath,
Clasgs 9

Vacetntum/Callun
heath,
Class 10

Nardus/Sphagnum/
Calluna heath,
Class 11

Eriophorum/Callur
heath,
Class 12
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is the frequency of occurrence of a species in all sites falling in
a class - je if a species occurs at all sites in a class its
constancy is 100% while if it occurs at half of them, its constancy
is 50%. Constancy groups below 20f% are not listed in Appendix 5.
The detalls of the species composition of vegetation classes in
Appendix 5 amplify their brief description in this cnapter, allow a
direct comparison of any additional site plant 1list with the
average for a classj and enable the classes to be located in which
key species that are considered in Chapter 5 (Table 5-11) in
relation to management effects occur prominently. The total number
of plant species recorded in each vegetation class is given alasc in
Appendix 5. As a group, rough pastures contain the mos{ species and
shrubby heaths the fewest. The range of vegetation types through
from improved pastures to shrubby heaths follows a sequence of
diminishing management intensity. Management effects become less
overriding, and site land characteristics more prominent in their

: impact, towards the shrubby heath end of the spectrum. There is a

particular barrier between rough pastures and improved pastures
along the trend of agricultural improvement because agricultural
grass species have to be introduced in additicn to the native
species. Paragraphs 3.11 to 3.17 summarise the vegetation classes
in each group.

A key to this classification that can identify the appropriate
vegetation class at any upland grassland or moorland site for which
a plant species list is available is given in Appendix 6. It will
be seen that the key can be operated with a record of the 75 key
species which emerge from ISA as those which lead to division
through this clasification down to the 16-class level. This list

. provides an alternative to recording the full 198 species of

Appendix 2 that were initially used to create the classification,
though the full list of course provides more detail. It would be

© reasonable to consider the Kkey as applicable to most upland

grassland or moorland sites below say 900 m (that is onittirig the
most montane situations) within England and Wales and at least the
southern uplands of Scotland, since these regions will be within

the general range covered by the study area sites.

Improved pastures (Group 1, classes 1-4)

The 4 classes which comprise the improved pastures constitute 27%
of the recorded sites. They are characterised by the presence of

~ introduced species of high agricultural value, eg Lolium perenne

(Rye-grass), Dactylis glomerata (Cock's-foot) and Trifolium repens
(White Clover), together with a range of herbs. Agriculturally
undesirable species may occasionally be present, such as Pteridium

~aquilinum (Bracken), Juncus spp. (Rushes), and Cirsium spp.

(Thistles), depending partly on environmental factors such as
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soils, drainage and physiography, and partly on management. Class 4
is the most frequent improved pasture and has the strongest lowland
relationship. This is reflected in 1its prominence in Monyash,
Glascwm, Lynton and Widecombe. Vegetation classes ¥ and 1, in which
the lowland element is more dilute, are notably absent from
Monyash. Group 1 as a whole is naturally weakest in those study
areas (Alwinton, Lunedale, Llanfachreth and Ysbyty Ystwyth) which
are more strongly moorland in character. The classes in this group
can be considered as a sequence from class 4 which is the most
productive pasture, through classes 2 and 3 which are progressively
poorer in quality because of their increased ‘weed' content, to
class 1, the improved pasture class with fewest recorded species.
Class 1 forms a link between 'improved' and 'rough' pastures. The

.sequence within the improved pastures group represents responses to

the interaction of inherent site fertility, management intensity,
and the time that has elapsed since the grasslands were last
reseeded.

Class 4: Herb-rich Lolium grassland. This class, which is likely
to include recently re-sown swards, is dominated by Lolium perenne
and has a range of agricultural weeds present. Trifolium repens and
Dactylis glomerata are other prominent species.

Class 2: Lolium grassland. Lolium perenne is also the dominant
species in this class but Agrostis tenuis (Common Bent-grass) and
Holcus lanatus (Yorkshire Fog) are present as the 2 major
co-dominant species. The class includes some land utilised for hay
meadows.

Class 3: Lolium/Trifolium grassland. Lolium perenne and Trifolium
repens are co-dominant species characterising this class. There is
a tendency towards drainage impedence which is reflected in the
presence of thistle and rush species.

Class 1: Lolium/Holcus/Pteridium grassland. This class is
generally to be found on shallower 3o0ils than other improved
pastures. Rocks and boulders are typically present on the surface.
Lolium perenne and Holcus lanatus are the co-dominant species with
Pteridium aquilinum present as an invading species. Trees and scrub
are present on many sites.

Plates 19-22 illustrate contrasting locations of improved pastures
and a close-~up of class i.
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Rngh pastures (Group 2, classes 5-8)

The 4 'rough pasture' classes, covering 168§ of the recorded sites,
afe found under less intensive management than the improved
pastures. The group is characterised by tne prominence of species
such as Agrostis tenuis and A. canina (Brown Bent-grass), Festuca
ovina (Sheep's Fescue), Juncus spp. and other coarser species. The
cbntent of introduced species is generally reduced compared to the
i@proved pastures and these species, if still present, occur only
at low constancies, ie less consistently. Lower soil fertility
(ésaessed from soil acidity) is also characteristic, and poor
drainage is frequent. Almost half the rough pasture sites are
Festuca/Agrostis grassland (class 8), which occurs in all the study
areas except Lynton. The classes in this group can be ordered
ecologically to run from class 7, which occurs on well drained
soils and contain some herbs typical of higher quality agricultural
grassland, through classes 5 and 8 in which herbs become less
frequent and there may also be some degree of drainage impedence.
Class 6 is agriculturally the poorest end of this range, with a
notable increase in coarser species and drainage impedence common.
Juncus effusus and Juncus articulatus both have high constancy
levels in this class, with other speclies associated with poor
drainage also present.

Class 7T:. Agrostis/Holcus grassland. The dominant grasses are

Agrostis spp. and Holcus lanatus. This class contains a variety of
herbs and is confined to well drained soils mainly on moderate
slopes (range 6-110). The pH data show a higher proportion of less
acid soils in this class than in the other rough pastures. Species
diversity is high (188 species recorded). Trees are typically
present, as are also some surface rocks and boulders.

Class 5: Agrostis/Juncus grassland. This class and class 6 are
Ssimilar in many respects and the latter 1s probably a wetter phase
of this vegetation class. Herb-rich flushes are a feature, while
bracken, brambles and scattered trees are fairly frequent. Species
diversity (189 species recorded) is again high.

Class 8: Festuca/Agrostis grassland. Festuca ovina and Agrostis
tenuis are the co-dominant grass species of this class. Lolium
gerenne occurs at 20-40% constancy. Soils are fairly shallow and
slopes mainly moderate. A higher proportion of soils with low pH
(ie acid soils) were present in this than in other rough pasture
classes. Some species of wet habitats often occur, eg Juncus
effusus. There are generally rather fewer trees and surface rocks
and boulders present on sites of this c¢lass than at those of other
rough pasture classes.
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Class G Festuca/Juncus grassland. The main feature which
distinguishes this «class from the Agrostis/Juncus grassland
(class %) is the frequent presence of more coarse grass species,
including Deschampsia cespitosa (Tufted Hair-grass), Agrostis
canina/stolonifera (Brown Bent-grass/Creeping Bent-grass} and
Nardus stricta (Mat-grass). Slopes also tend to be slightly steeper
and soil pH somewhat lower than for class 5, wnile peaty soils were
noted more frequently than for the other rough pastube classes.

Plates 23-29 show typical sites and vegetation of rougn pasture
classes 5, 8 and 6. Plate 43 shows a management contrast between
pasture classes.

Grassy neaths (Group 3, classes 14-16)

Grassy heaths, consisting of 3 classes, are characterised by the
dominance of coarse grasses such as Nardus stricta, Deschampsia

flexuosa (Wavy Hair-grass), Molinia caerulea (Purple Moor- grass),

anda the presence of a secondary shrubby element, consisting of
mainly ericaceous species, that 1links the group with the shrubby
heaths. Rushes and bracken may alsc be present. In the grassy
heaths as a whole, Galium saxatile (Heath Bedstraw} shows a very
high constancy, and Vaccinium myrtillus (Bilberry)is probably the
most prominent of the shrubby species. Occupying 23% of the total
sites recorded, this group is widespread through the study areas.
Vegetation classes 14 and 16 have broadly similar distributions,
put class 15, Festuca/Nardus/Vaccinium, shows a distinctly northern
bias. The classes can be considered as running from class 15 in
which the neath element is Jleast in evidence, through 16 to
class 14 in which it is the most prominent, this class forming a
bridge to the shrubby heath group.

Class 15:¢ Festuca/Nardug/Vaceinium heath. [This class occurs
typically on moderate to steep slopes, on sites that are drier than
those of class 16 which it most closely resembles. As well as
Festuca ovina and Nardus stricta, Deschampsia flexuosa is also a
prominent grass, while Vaccinium myrtillus is a common associated
species. Tne distribution ¢of tnis class appears to be more northern
than other shrubby heaths (88% of the =sites classified in this
c¢lass are in Bransdale or study areas north of Bransdale). Gullies
and scree patches are landform features that are frequently
present.

Ciass 16: Festuca/Nardug/Molinia heath. Wet upland grassy heath
with relatively high species diversity (159 species recorded).
Speciea characteristic of wet situations such as Carex nigra
(Common  Sedge), Eriophorum vaginatum (Cotton-grass), Juncus
bulbosus (Bulbous Rush), Trichophorum cespitosum (Deer-grass), and
Narthecium ossifragum (Bog Asphodel) are present. Surface water, as
pools and streams, is frequent at sites of this class.
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Class 14: Featuca/Vaccinium neath. This class is mainly found on
gentle to moderate slopes witn shallow soils and good drainage.
Soil pH is relatively low for the group, the majority of sites being
velow 4.7. This is the typical dry grassy heath characterised by
species such as Galium saxatile, Festuca ovina, Deschampaia
flexuosa, Juncus squarrosus (Heath Rush) and Potentilla erecta
{Common Tormentil).

Plates 31-34 show the appearance in close~-up of vegetation classes
W, 15 and 16 and a typical site of class 16. The landscape
contrast between moorland-grassland vegetation and planted conifers
is illustrated in Plate 30.

ﬂhrubby neaths (Group U, classes 9-13)

Shrubby heaths consist of 5 classes occupying 34% of the recorded
sites. They are characterised by the predominance of dwarf shrub
species such as Calluna vulgaris (Heather or Ling), Vaccinium
myrtillus, Erica cinerea and E. tetralix (Bell-heather and
Cross-leaved Heath) and Empetrum nigrum (Crowberry), as well as
Ulex spp. (Gorse), acidic grasses, sedges and rushes. The group is
found on the poorer soils and at sites with the lowest intensity of
management . Nardus/Sphagnum/Calluna heath (class 11) and
Eriophorum/Cailuna heath (class 12) are the most frequent and wmost
widely distributed types of shrubby heath, whilst class 13, Calluna
heath, shows a strong southern bias, with two thirds of its sites
in Widecombe. The order in which the vegetation classes are set out
here reflects both a trend of lower intensity of agricultural use
and a reduction in the potential of the vegetation for easy
modification through management.

Class 13: Calluna heath. Dry Calluna heath, with bracken present
in some cases, was recorded mainly in the south-west, usually on
rocky site with pockets of well drained solils. Ulex, present at a
constancy of 80-100%, is conspicuous as large bushes in about a
third of the samples in this group. Agrostis tenuis is the grass
apecies of highest constancy but the other grasses of acidic soils
are also prominent.

Class 9: (Calluna/Molinia/Vaccinium heath. This rather species-poor
{55 species recorded) type of heath is of limited occurrence and
mainly located in Widecombe, Lynton and the South Wales areas, on
relatively shallow scoils. Calluna vulgaris is the dominant species
but all the other common ericoids are also present. Five grass
species oceur in more than 60% of the sites in this class.
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Class 10: Vaccinium/Calluna heath. Again a rather species-poor (6%
species recorded) heath which mainly differs from class 9 in the
presence of a less diluted shrubby hneathland element. Only one
grass species (Deschampsia flexuosa) occurs in more than 603 of the
plots in class 10. Heathland surface attributes such as evidence of
burning and eroding peat are conspicuous at sites in this class.

Class 11: Nardus/Sphagnum/Calluna heath. This mixed heath occurs
on boggy moorland with coarse grasses {(Nardus and D. flexuosa)
present in most samples. Other species with moderately high
constancy include Trichophorum cespitosum, Empetrum nigrum, Carex

echinata (Star Sedge) and Narthecium ossifragum.

Class 12: Eriophorum/ Calluna heath. This class is a blanket bog
community on deep peaty soils, most strongly represented in Lunedale
among the study areas. Calluna vulgaris is dominant, with
Eriophorum vaginatum and Deschampsia flexuosa co=-dominant.
Eriopnorum angustifolium {Common Cotton-grass) and Sphagnum spp.
(Bog Moss) are among the high constancy species.

Plates 35-42 illustrate the vegetation of classes 13, 10, 11 and 12
in close- up, with typical sites for these shrubby heaths. Plate 44
illustrates a management contrast between heath classes.

THE DIVERSITY OF VEGETATION IN THE STUDY AREAS

The identification of the vegetation groups and c¢lasses present at
a Known time at sites in each study area provides a baseline
against which future re-recording at the same sites could give an
overall view of the general scale of vegetation change that will
have occurred in the upland study areas. The frequencies of the
vegetation categories at sites in an area also can be used as a
general guide to the vegetation range in that area and as a means
of making comparisons bDetween the areas. Table 3-3 gives 'the
numbersa of main sites in each vegetation class for each study area,
while Figure 3-1 shows the percentage representation of the 16
vegetation classes, in their U4 groups, at the recorded sites in each
study area. If vegetation diversity is simply assessed as the
number of vegetation classes represented at main sites in each
area, then the sequence of increasing vegetation diversity runs
from the least diverse to the most diverse area as: Mconyash less
diverse than {<) Lunedale and Alwinton < Bransdale < Widecombe and
Ysbyty Ystwyth < (Glascwm, Lynton and Shap < Heptonstall <
Llanfachreth and Ystradgynlais.




TABLE 3-3 DISTRIBUTION OF VEGETATION CLASBSES AT MAIN SITES RECORDED 1IN EACH STUDY AREA

Vegetation Group and Class Total of
sites
Study Ares Group 1 Group 2 Group 3 Group 4 in Study
" Area
1 2 3 4 8 e 7 8 14 15 18 2 10 11 12 i3
- Alwinton 4 1 4 18 13 1 4 11 14 80
Lunedale 1 2 7 1 13 2 1 6 46 79
Shap 2 ® 1 10 e 3 7 8 5 28 2 2 4 118
Bransdale 3 4 ] 10 186 1 13 3 -] 2 88
HBeptonstall 1 8 2 8 1 1 1 5 i 3 1 16 2 19 70
Monyash 29 2 8 3 73 "
M)
Llanfachreth 3 1 1 12 38 2z o 7 L] 1 16 1 T 1 3 é 72
Yskyty Ystwyth 1 1 3 2 7 13 9 1 2 17 19 75
Olascwm 4 1 13 17 2 3 8§ 7 [ 1 1 ] n
Yatradgynlais T 1 3 38 7 1 2 12 18 1 11 1 ] 8 1 3 70
Lynton ] 1 6 38 2 1 4 7 1 H K 1 2 n
, ¥idecombe 3 4 3 18 8 2 4 1 4 5 23 75
Totsl of Sites in Class 21 B7 38 138 23 21 38 4 93 a4 88 14 67 21 108 34 938

As number of main sites in each vegetation class in each study ares




Plate 19 Lynton = Improved pastures of class L (Herb-rich [plium grassland) on gentle
slopes, in assoclation with class 1 improved pastures (Lolium/Holcus/Pteridium
grassland) on steeper slopes In the foreground. Steep-sided wooded valleys

and coastal cliff sites with some grassy heaths are featires of the Lynton
landscape.

(mw by P. Aim"a'm)o
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Plate 20 Close=up of improved pasture class 4 (Herb-rich Lolium grassland) at a Lynton
site, Close grazing and a wide selection of herds (e.g. Jrifolium repens,
1 ym! folitm and Plantago lanceglata) are characteristic,
L 2 ‘ L]




Plate 21 Monyash - Improved pastures of similar character to those In Plate 19,
{mainly class U, Herb-rich [olium grassland) In the contrasting landscape

of Monyash, with its plateau landform, limestone outcrops and walls, and
scattered irees, mainly ash,

{Fhoto by P, Alnsworth),

Plate 22 Widecombe - Improved pastures In a third area - the wooded landscape with
hedge-bounded flelds of the East Webbirn valley near Widecombe village,
;,i!leléert. background there is moorland with heath vegetation above the
elds,

{Photo by P, Alnsworthj.

In




Plate 23 Lynton - Rough pastures of class 5 (Agrostis/Juncus grassland) in Ranscombe
Combe in the west central sector of Lynton, Scrub woodland is developing
on stegper ground.

(Photc by P, Alnsworth),

Plate 24

Close~ur of rough pasture class 5 (Agrostlisf/Juncus grassland} at a Llanfachreth
site, Characteristic species visible include Cirsium palustre, Potentilla erecta
Rumex acetoga, Juncus spp., and Ranunculus spp.
{Photo by J. Dale).




Plate 25

Plate 26

{Photo by P, Alhaworth),
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Bransdale = A winter view of rough pasture class 8 (Festuca/Agrostis grassland)
with shrubby heath of c¢lass 10 (Vaceinium/Calluna heath) in the background. Snow
ephances further what at other times 'Iq a strohg contrast between yellow-green
colow's of the pasture and the darker hues of the heath,

Close~up of rough pasture ¢lass § (Festuca/Agrostis grassland), the commonest
rough pasture class, at a Rransdale site, A mixture of herb specles is
characteristic of one of the most widespread classes of upland vegetation,
(Photo by J, Dale}.




Plate 27

Plate 28

Heptnstall - Rough pastures of class & (Festuca/Juncus grassland) in the foreground,
The conspicuous netiles (Urtica dioica) are not a general constituent of the class

but are an invasive plant, The pattern of regular flelds with stone walls,

many supporting improved pastures, 13 typical of the Heptonstall farm landscape,
{Photo by J, Dale).

M

Close-up of rough pasture class 6 (Festuca/Juncus grassland) at a Heptonstell

site, The typical scattered clumps of rushes thst characterise this and the

similar class 5 {Aprostis/Juncus grassland} dot this grazed phase of the class
(ef, Plate 41),

(Photo by J, Dale).
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Plate 29 Bransdale - In the foreground, Festuca/Agrostis grassland {class 8) in its bracken-
infested phase occurs along steep slopes adjoining the roadside, In the middle
distance are farm flelds with crops and improved pastures, On the upper slopes
and ridge crest, shrubby heaths dominate the vegetation,

(FPhoto by J. Dale).

Plate 30 Ysbyty Ystwyth - A forestry plantation blankets the detail of relief
and former vegetalion contrasts that are still seen between the improved
pastures of the fareground and the grassy heath beyond the fence,

(Fhoto by P, Alnsworth),




Plate 3

Close=up of grassy heath class 14 (Pestuca/Vacelnium heat) at a Glasovm site.

Scattered bracken, as here, is present on some sites. Qalluna vuigaris 15 & more
conspicuous species inithis ¢lass than in class i5. This Is a widely
distributed grassy heath,

{Photo by J. Dale).

.

Close-up of grassy heath class 15 {Festuca/Nardus/Vaccinium heath} at a Lunedale

site, Y¥accinium myrtilius is prominent, as is Nerdug gtricta.

heath class is more frequent in the neorthern study areas.
(Photo by J. Dale).

This grassy




Plate 33 Ystradgynlais - The ground In the mid-distence and left background carries mainly
grassy heath class 16 (Festuca/Nardus/Molinia heath). Rough pastures of class 5

{Agrostis/Juncus prassland) occur below the quarry, and there are improved

pastures in the foreground fields,

{Photo by P, Alnsworth),

i w - ’

Plate 34 Close-up of grassy heath ¢lass 16 (Festuca/Nardus/Molinia heath) at an
Yatradgynlais site. Dead leaves of Molinla caerulea are obvious, and the
moss Polytrichum commine, a major constituent species of the class, is
present in the left bottom corner.

{Fhoto by J, Dale).




Flate 35 Lynton = In the immediate foreground as well as Lo the left of the track and

{n the background, unimproved moor with shrubby heath class 13 (Calluna heath}

1s frequent, The enclosed improved f{elds of Shallowford Farm lie to the right
of the road,

(Photo by J. Dale),

Plate 36 Close-up of shrubby heath class 13 {(Calluna heath) at a Lynton site,

Heather
{(Calluna vulgaris) is predominant, with gorse (Ulex spp,) a characteristic

associate, and alse heath (Erica) specles.
(Photo by P. Alnsworth).




Plate 37 Branasdale - Shrubby heath class 10 (Yaccinlum/Galluna heath) contrasts with the

grazed and trampled verge which has Festuca/Agrostis grassliand of rough pasture
class 8,
(Photo by J. Dale),

Plate 38

Close~tip of shrubby heath class 10 (Vacclnig[(:alhma heath) at a Bransdale
site. This plate shows the ¥V, myrtillus ~ dominent phase which can oceur

after burning (the dead stems are of former old heather).
(Photo by J. Dale),




Plate 39 Bransdale ~ Shrubby heath of clags 11 { Nardus /SphagnumfCalluna heath) on
moorland at the southarn end of Rransdale parish.

{Photo by P, Ainsworth),

Plate 4O Close-up of shrubby heath class 11 (Nardus/Sphagmm/Calluna heath) at a Lunedale
gite, This 1s the commonest ghrubdy hesth class at the recorded sites typleal

of muich wet moorland, as well as being most widely distributed,
(Photo by J, Dale).




Plate 41

Plate 42

Heptonstall - In the foreground a lightly grazed phase of rough pasture class 6
{Festuca/Juncus grassland) {cf. Plates 27 and 28 for a heavily grazed phase of
this class), peshampsia cespitosg is consplcuous, Beyound the shallow ravine

13 an area of blanket bog with shrubby heath class 12 (Eriophorum/Calluna heath)
{Photo by J, Dele}.

s ‘:l

Close~=up of shrubby heath class 12 (Ericphorum/Calluna heath) at an Ysbyty

Ystwyth site, This is a common and widespread heath class over the peaty
moorland bogs.

(FPhoto by J, Dale).




Plate 43

3

Plate LL

Shap - Management effects on grassland, Improved pastures produced by reseeding
and cultivation and maintalned by stoeking are separated from rough pastures with .
much gorge (Ulex spp.). The rough pasture area mey have shallower solls and
boulders or outcrops but is potentially improvable agriculturally,

(Photo by P, Ainsworth).

-4

Glascwm - Management effects on heath, To the right of the fence class 10
shrubby heath (Yaccinium/Calluna heath) is maintained by rotational burning

and light grazing, To the left heavier grazing and Wampling impacts have
produced a grassy heath,

(Photo by P, Ainsworth).
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3.20 The frequencies of vegetation classes at main sites in the study
areas do not, however, determine quantitatively with statistical
precision the proportion in which each vegetation class is present

3.21;
' degree in all study areas except Monyash. This element can he taken
. as the proportion of the recorded sites in each area in the graasy
* and shrubby heath vegetation groups, while improved pastures and
f rough pastures represent a 'farmland' element in the vegetation.
Where the moorland element is strongest, it implies a moderate to

in a study area, because the sampling programme adopted for the
choice of recording sites was not appropriate for this purpose. The
sampling was designed t0 ensure that all those widespread

~ vegetation classes prominent in the transition zone from farmland

to moorland were likely to be sampled by a fair number of asites,

. 8ince this, rather than a quantitative overall assessment of the

vegetation in each study area, was the main need in this study.

;Because main sites, in the case of the larger study areas, were
 sited more frequently in the marginal zone between dominant moorland
and dominant farmland {3.3) than in the uniform moorland, the
- frequencies of vegetation groups and classes at wmain sites are

likely to include rather more improved pastures and fewer heaths

than would be found in a statistically quantitative uniform

sampling of the study area. Calculations relating to the extent of
different land types (Chapter 4) and the proportions in which they
have been sampled by main sitea suggest that the degree of bias is
not great. It 1is likely to be of an order giving an
over-representation of pastures and an under-representation of
heaths by some 10% of the estimated frequencies in the larger study
areas. There is no conflict in any discrepancies that may occur
between assessments of the areas of vegetation mapping units based
on cover estimates in the ULS reports and the data in Figure 3-1
for proportions of vegetation classes, since these two assessments
are based on different criteria for vegetation categories and a
different approach, the mapping of the whole area, against the
vegetation of a set of sites in an area. Associations between the 2
sets of vegetation categories are considered for each area, and

- summarised for 11 areas, in Part II of this report.

& 'moorland' vegetation element is present to a greater or lesser

low general level of management. Conversely, where the farmland
element is more strong, management has been generally at a more
intensive level with a great deal of grassland improvement. The.
study areas may be placed in order from the most 'moorland' (>) to
the most ‘'farmland' in character as follows: Lunedale » Ysbyty
Ystwyth > Bransdale > Shap » Alwinton » Ystradgynlais and
Heptonstall > Llanfachreth > Widecombe > Glascwm > Lynton>
Monyash. The 8 parishes Lunedale - Llanfachreth are at present
distinctly moorland in overall character, with more than 50% of
their recorded main sites occurring in the heath vegetation groups.
Widecombe, Glascwm, Lynton and Monyash all have less than 50%
heaths at their recorded main sites.
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The moorland element

Lunedale and Ysbyty Ystwyth particularly contain very 1low
proportions of improved pasture classes, with rough pastures also
rather poorly represented. The very high occurrence of shrubby
heaths in Lunedale gives it overall the most moorland character,
reflecting its major land-use as a grouse moor. In Shap there is a
contrast between a strong representation of improved pastures
associated with 1limestone outcrops and the prominent moorland
component to be found on the more extensive volcanic rocks on the
western side of the study area. Bransdale is another area
influenced by sporting interests, so that the management of its
moorland sector for grouse leads to a relatively high frequency of
shrubby heath c¢lasses. Alwinton is largely controlled by the
Ministry of Defence which uses much of the area as a military range
and training ground, a use mirrored in a low proportion of improved
pastures, since the normal agricultural pressures dc not operate
freely in this parish and grassland improvement schemes have not
been undertaken on the same scale as in other physically similar
upland areas. Heptonstall is an important water catchment area, of
which part again is also managed for grouse. The moderate
representation of improved pastures in Heptonstall has 1in part
resulted from the abandonment of farms in the vicinity of the
reservoirs, and the relatively nigh presence of shrubby heaths
results from the shooting interests. In Ystradgynlais open-cast
coal mining has had some influence on the vegetation in that these
operations have inevitably disturbed areas which have subsequently
been encouraged tc revegetate to a form of rough pasture or have
been planted to coniferous forest. Moorland is still dominant in
Llanfachreth, but with the farmland element occupying almost U0% of
the recorded sites there, this parish tendas to be intermediate
between those of undoubted moorland character and those in which
the farmland element is predomiinant.

The farmland element

In Monyash the moorland element is absent and this study area forms
the opposite vegetation extreme to Lunedale in the range
represented by the 12 study areas. The reasons for the lack of the
moorland element in Monyash are its geology, of Carboniferous
Limestone giving relatively fertile soils, and its geographic
position, c¢lose as it is to major industrial towns which created
substantial demands for agricultural produce, particularly dairy
products. This has meant that there have been long standing economic
incentives for potential grassland improvements to be carried
through to completion in Monyash. Widecombe, Glascwm and Lynton all
have an above average representation of improved pastures, which is
a reflection of their generally relatively favourable plant growth




conditions, both in terms of soils and climate. Since these 3 areas
iar‘e more remote than Monyash from major centres of peopulation, they
have retained a wider range of vegetation diversity and have not
been subjected to the extreme presasures, or opportunities, for
improvement that have totally turned Monyash to farmland. The
farmland vegetation element is weakest in Widecombe out of these 3
areas, but in Glascwm grassland improvement schemes are currently
making deep inrocads into the remaining areas of unimproved
moorland. In Lynton moves for landscape conservation may prevent
further losses of heath vegetation.

WOODLANDS

3.24 EDeciduous woodlands provide local visual wvariation in upland

Elandscapea as - well as being important in their roles of giving
'shelter to grazing stock and habitats important to wild life. The
.extent of the cover of deciduous woodland in the uplands though is
‘generally small, and (from assessments by ULS) in the study areas
‘this ranges from less than 1% in Alwinton to nearly 7% in Lynton
{Plate 16), with a broad trend of increasing woodland cover from
north to south.

3.25 Woodlands were sampled less comprehensively than the

grassland-moorland range in the atudy areas. Where there was
relatively extensive woodland cover, sites were selected to cover
all obviously different types of woodland, but in these areas not
all the available woodlands were sampled. Where woods were fewer in
ia study area then every wood and therefore every possible woodland
‘type was sampled., Classification was based cn a key to British
?woodlannd vegetation by Bunce (in prep.). The sites recorded from
‘the study areas were classifiable into 25 woodland types according
to this key. Tec simplify consideration here these types were
analgamated to give 11 classes which fall in 3 broadly based
woodland groupings (Table 3-4). There is a distinct lowland element
in 2 categories, ‘basic' and ‘acid', based on soil acidity and
ground vegetation, and an upland element which consists of the
remaining 4% classes. Brief simplified descriptions of the woodland
groupings follow.

3.20 Lowland basic woodlands: These in the national study are found

mainly in Southern England, the Midlands and Wales, in Jlowland
areas under conditions of low or average rainfall and usually on
}brown earth soils, gleyed brown earths and gley soils, particularly
'on clay parent materials. Three classes fall in this group: Mixed

‘deciduous woodland; Pedunculate oak/ash woodland; Scrubby ash

woodland.
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TABLE 3-4 'CLASSIFPICATION OF WOODLANDS

¥Woodland Group and Clanss

Percentage Lowland Basic Lowland Acid Upland Acid Extent
of Woods ¥oodlanda ¥oodlands Woodlands (T ares of
Number Examined Mixed Pedun- Scrubby pry Heathy MHixed Acid Westera Spacies -~ Upland Scrub Deciduoue
ot which had Decjd~ culate Ash Acid Birch Oak Oak/ Acid Oak Poor Birch/ Birch/ in Woodland
8 A Yoods Tree uous Oak/ Wood~ Oak Bcrub ¥ood- Birch ¥oodland Oak Wood- Oak Open in Study
tudy Ares Exaniped Beedlings Wood- Ash land Wood- land Wood- land Yood~ Glades Area
in or land Wood- 1land land land
Study Baplings land
Ares « 20 yrs
old
Alwinton 10 80 - - - - - - - 1 4 3 2 0.8
Lunedale 10 8¢ 1 ~ 1 - - - - 3 1 2 2 1.1
Bhap 12 0 2 ~ - - - - - 3 2 5 - 2.1
Bransdale 15 33 - - - 1 - - - ] 1 3 | 1.6
Heptonstall 14 50 - - - 7 2 2 1 2 - - - 3.8 ﬁ
Nonyash 10 50 2 - 5 - - 2 - 1 - - - 1.5
Llanfachreth 18 80 1 1 - - - - 2 2 2 4 3 4.8
Ysbyty Ystwyth 10 80 - - - 3 - 1 - 5 - 1 - 1.9
Glascwm 11 27 1 3 1 - - - - 5 - - 1 31 ;
Yetradgynlats 12 50 2 1 - - - 2 - 4 1 2 - 3.8
Lynton 12 100 1 1 - 2 - 1 3 2 1 - 1 6.9
Widecombe 13 77 - s - - - 2 3 2 - 1 - 8.1

As nusber of voodlands examined in each area that fall in esch woodland class
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Lowland acid woodlands: Included in this group are 4 woodland
classes concentrated nationally on shallow acid soils at medium
altitudes in areas of England and South Wales of low to average
rainfall: Dry acid oak woodland; Heathy birch scrub; Mixed oak
- woodland; Acid oak/birch wocdland.

- Upland acid woodland: These woodlands show nationally a northern
rand western bias in their distribution and are to be found mainly

on steeper slopes under conditions of high rainfall. Soils are
mainly brown earths and brown podzolic soils. Four classes are
recognised: Western acid oak woodland; species-poor birch/oak
woodland; Upland birch/cak woocdland; Scrub in open glades.

Five study areas (Alwinton, Lunedale, Shap, Bransdale and
Llanfachreth) have mainly upland acid woodlands. In the case of

- Alwinton all the woodlands examined are in this group. Shap is
. sparsely wooded and the impression of this on the landacape is
| emphasised by the lack of boundary hedges. Ysbyty Ystwyth and

Ystradgynlais both show a fairly strong upland bias in their
woodland character but with a significant lowland component as well.
Woodlands in Heptonstall and Monyash are easentially lowland in
character. The Heptonstall sites recorded are acid woodlands with a
strong representation of dry acid oak woodland. The Monyash
recorded sites are mainly basic woodlands (particularly scrubby ash
woodland) as a result of the presence of lime-rich soils., Lynton
and Widecombe have more equal distributions of the woodland

. groupings in the sites examined, but with an overall bias to
lowland classes. Glascwm has a fairly even division of woodlands
- between lowland basic types and upland woods, with a slight bias

towards the latter.

Western acid oak woodiand is present in all of the study areas, and
upland birch/oak woodland is also widespread, occurring in 8 study
areas, but is absent from Heptonstall, Monyash, Glascwm and Lynton.
Mixed deciduous woodland is the most commonly occurring of the
lowland woodland classes and this is present in 7 study areas.

- Lynton, besides being the most extensively wooded of the study
~areas, also has the greatest diversity of woodland classes at the
- sites examined, with 8 out of 11 classes represented. The
Llanfachreth sites cover 7 woodland classes, making it overall the

most diverse of the study areas in terms of combined main site and
woodland vegetation. Although Llanfachreth includes extensive
conifer plantations, some of which are nearing maturity, it is only
third amongst the study areas in extent of deciduous woodland.
Alwinton has very little woodland and what there is has been
damaged as a result of military use.
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All the woodlands which were visited during field recording were
examined for evidence of regeneration and a note was made of the
numbers of saplings less than 20 years old which were present in
the sample quadrat. In 11 of the study areas woodlands contained
some saplings or seedlings. Shap was the exception where none of
the woods examined showed any evidence of regeneration while, at
the other extreme, in Lynton every wood contained saplings or
seedlings. Llanfachreth and Widecombe both had saplings and
seedlings present in a high proportion of the woodland sites
sampled. Alwinton woodlands had evidence of a relatively high
potential for regeneration in spite of their present poor
condition. The Upland Landscapes Survey found that 75% of the
woodlands in the study areas as a whole were grazed. Considerable
variation in the amount of regeneration observed in the woodland
sites looked at by ITE is probably mainly a reflection of local
grazing intensities.

ROADSIDE VERGES

Roadside verges, besides being important visual elements in the
study areas, are 1linear reserves of <diverse flora. Their
significance in considering vegetation change lies in their possible
role as reservoirs of potential colonising species, which may
spread into areas modified by management. The vegetation of a few
roadside verges in each study area was examined for this reason.
Those verges which contained woody species such as Corylus avellana
(fazel), Prunus spinosus ( Blackthorn or Sloe), Rosa spp. and Salix
caprea (Sallow or Goat willow) appeared to have a strong lowland
element amongst the associated plant species present. In the
absence of these woody species the associated species had a
generally upland bias. Some roadside verges seemed to have a
vegetation character typical cof a local and limited geographic
region. Possibly this is a reflection of the highly artificial
nature of the roadside verge habitat and local variations in their
construction and maintenance, but it may also retain some element
of natural regional vegetation differences. It was not possible to
pursue consideration of the significance of verge vegetation as far
as it might justify.

CONCLUSION

Analysis ‘of species presence data recorded at 938 main sites
through the study areas has provided a c¢lassification of the
grassland-moorland vegetation into 16 classes, in 4 vegetation
groups: Tmproved pastures Rough pastures:; (Grassy heaths and
Shrubby heaths. By use of the vegetation key given in Appendix 6,
other vegetation stands from the grassland-moorland range in these
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or similar upland areas can be allocated to a class with a fair
degree of accuracy. A limited sampling of woodland sites gives an
i@ea of the deciduous woodland types present in the study areas.

The vegetation classes identified at the main sites provide the
opportunity to relate grassland and wmoorland vegetation from a
sample of the uplands of England and Wales to 1land character,
land-use histery, and management. The following chapter considers
these factors as controls on vegetation, while the concluding
chapter then explores associations of these controls with
vegetation class and group occurrence, in order to assess and
predict possible trends of vegetation change.
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4 CONTROLS ON VEGETATION

4.2

4.3

4.4

INTRODUCTIGN

The factors which control the distribution of vegetation, and which
decide whether the balance of plant species is stable or |is
changing, are those of land character and of past and present
land~-use and management.

'Land' as a concept i3 taken to include the natural environment
characteristics of landform and soil cover resulting from the
interaction of geolcgy and climate, and the features created by man
on the land surface. The land characteristics considered here are
'physiographic', ie landform features such as altitude, slope or
river distribution, and ‘'topographic', ie those features of land
that are man-made, such as roads, buildings and field boundaries.
'Landscape' is taken as being the visual effect of 'land' on an
observer. Landscape in this approach is thus an aesthetic concept,
essentially subjective, while 'land' is a structural fabric, the
elements of which are objectively definable and quantifiable. No
attempt is made here to define landscapes, only land
characteristics and {ypes. Landscape sectors of each area are
discussed in the individual reports of the Upland Landscapes Study
(as referred in Part II of this report).

In this chapter land character is first considered (4.9-4.20), then
land-use and management history are reviewed (4.21-4.55)}.
Treatments of land character and the historical aspects of land-use
are based on data for the study areas. Finally, current management
influences on gradual vegetation change are discussed but in
general terms {(4.56-4.63) rather than from detailed knowledge of
specific management within the study areas. Associations between
the factors discussed in this chapter and the widespread vegetation
classes of the study areas are the subject of Chapter 5.

In a country with a long history of development, land character is
most usefully assessed by considering physiographic and topographic
characteristics together, rather than limiting consideration to the
natural environment alone. Single attributes can of course be used
to illuminate relationships between Jland character and vegetation.
However, there are many physiographic and topographic attributes
which are inter-related. Vegetation and land-use respond to the
results of an interaction between different land attributes. It is
therefore convenient to summarise this variation of a wide range of
land attributes in a limited pumber of land classes, each of which
has a common set of characteristics, as a means of comparing the
land character of scattered study areas.
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Man's settlement pattern has usually been a response Lo, and
largely controlled by, the natural environment, so that topographic
‘characteristics typically reinforce natural environmental
‘characteristics in distinguishing upland land types. However, there
iare situations in which the character and scale of settiement in a
fupland area have resulted from the exploitation of resources that
‘were limited, or had only temporary importance, or from economic
constraints or opportunities imposed by conditions outside the
area. To wunderstand the current pattern of vegetation it is
necessary to appreciate the different phases in wupland land use
and, 1in particular, the periods of agricultural expansion and
contraction that have affected the uplands.

The immediate controls on vegetation change -are management

‘practices. The remit of this study largely excluded major abrupt
‘changes such as total cultivation with reseeding, or forestry
%plantina, though the historic role of direct change in upland
-land-use is outlined (4.31-4.40) and an assessment of possible
'change in the study areas through such methods is given brilefly in

Chapter 5 (5.89-5.100). Many changes, however, are gradual, brought
about by modification of grazing and burning regimes, or minor
surface treatments, and these gradual changes were the main topic
of this study. Reversion from previcusly substantially and abruptly
modified grassland towards more semi-natural vegetation is an
important course of gradual change, the directions and rates of
which are considerably affected by environment, present vegetation

composition, and continuing management.

'LAND CHARACTER

In Chapter 2 the general character of the study areas was outlined
and the extent was discussed to which they are representative of
the regions in which they occur, and of the uplands as a whole.
Here their land character is considered at a level of detail which

can be related to the vegetation within and between the study
areas.

The approach adopted is to carry out a land classification based on

- characteristics recorded from maps, using a multivariate method to
determine the most appropriate main and subsidiary environmental
‘variations. It is possible to divide the study areas without
complex analysis, using single criteria such as altitude or rock

type, or simple combinations of these. The number of alternatives
this can produce is large and the choice of criterion for land
classification is subjective among the wide range of options. This
subjectivity can be reduced by allowing the classification criteria
to be determined by a computer analysis of a relatively wide range
of land characteristies for units of land which make up the study
areas.,
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Land classification of the study areas

To provide a standard unit for recording land data and for
classifying land in the study areas at a reasonably fine scale of
resolution in relation to their size, the areas were divided into
0.5 x 0.5 km grid square units as delineated by national grid
lines. These units are easy to identify and specify, convenient for
statistical calculations, and simple to use in computer storage,
analysis, and mapping of data. Discrepancies between actual areas
calculated from administrative parish boundaries and the nominal
areas calculated from grid square boundaries are unimportant in
this study (footnote 2, Table i-1).

For each square in the study areas a range of physiographic
(altitude, slope, aspect, water), topographic (settlements, roads
and footpaths, field boundaries) and climatic {rainfall)
characteristics (Appendix 7A) were quantitatively measured from
1: 25 000 Ordnance Survey maps and from national rainfall maps
(Meteorological Qffice 1977). The quantitative measures these give,
that have been employed for statistical summaries (2.4}, and that
can be wused for mapping single or combined features {as in
individual area accounts in Part II), were converted to an
appropriate set of attributes in a ‘'presence/absence’ format
{Appendix 7B} to carry out ‘a classification analysis for the total
of 2 977 grid squares by Indicator Specles Analysis. This method
was also used in this study to classify vegetation (3.9), and is
described in Appendix 4.

Discussion {4.15-4.20) of the land types that are defined by this
analysis is based on the average properties of each type but it
must be understoood that an individual square can differ from the
average in Ssome characteristics, since, as in any multivariate
classification, it is the balance of properties that determines how
an individual square is classified. An assessment from other data
which supports the validity of these types a3 meaningful land
categories is referred to later (5.25). It should also be
emphasised that the classification of land in the study areas at
this local scale is quite independent of the provisional national
upland classification referred to earlier (2.36). To avoid possible
confusion, the terms 'land type' and 'land group' in their use in
this report refer only to the analysis of land character in the
study areas at the 0.5 x 0.5 km grid square scale.

Although this classification of land types relates to the range of
characteristics covered in the study areas, it is 1likely to be
applicable alse to other appropriate areas. The analysis method, a3
its name implies, identifies 'indicator' attributes which can then
be used in a key to classify other 0.5 x 0.5 km squares for which
similar data have been obtained. The key to this land analysis i=s
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given in Appendix 8 and, although its application to other areas
has not been tested, it would be reasonable to consider its use for
uplands elasewhere in England and Wales, as these are defined by the
10 x 10 km aquares outlined in Figure 1-1. Sectors with.
considerable land above 900 m altitude might fall into an
additional class not adequately covered by the study areas on which
the classification key is based.

Within the study areas the main physical épaﬁacteristics of the 3
land groups and 7 land types which emerge from land classification
by ISA are as follows:

Hii:ll land is a group containing land mainly in the altitude range
428-610 m, within which 3 land types are distinguished by their

combinations of slope and relief: Steep hill; Hill; and High
plateau

Upland land is & group dominated by land between 245 and 335 m,
also of 3 land types, again distinguished by slope and re_lief:

Steep upland; Upland and Upland platesu,

'Upland margin is a group of a single land type (given the same

name) which is dominated by altitudes between 122 and 244 m,
moderate relief and rather steep sldpes.

The average characteristics of the 7 land types are summarised in
Table X-1 and given numerically in Table 4-2. The main
physiographie and topographic trends follow each other closely. The
visual impression given by each land type can be appreciated from
the air photographs used earlier to show the characteristig terrain
of the study areas. Steep hill is present in Plates 1 and 5; hill
in Plates 1, 4 and 5; high plateau in Plates 1, 6, 13 and 15;
ateep upland in Plates 14; upland in Plates 4, 6, 12 and 15;
upland plateau in Plates 4, 7, 10 and 16; and upland margin in
Plates 6, 14, 15, 16 and 17.

There are marked differences in land character both between and
within the study areas, as shown by the representation of 1land
groups (Table 4-3a) and land types (Table 4-3b and Figure 4-1) in
them. Computer maps showing the distribution of land types in each
area are given in the individual reports 4in Part II. From the
frequency of hill, upland and upland margin land groups in the
study areas it 1s possible to suggest a relative ranking of the
*hilliness' of the study areas. From the most to the least 'hilly*,
the order in such a ranking runs: Lunedale and Alwinton - more
hilly than {(>) Shap, Ysbyty Ystwyth and Ystradgynlais s Heptonstall
and Bransdale > the remaining areas. This overall ranking, which
conforms generally with the assessments based on individual
criteria shown in Figure 2-2, conceals notable diversity within
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TABLE 4-1 SUMMARY DESCRIPTIQON OF LAND TYPES
Land Group Land Type General Description2
1
Hill Steep Hill High altitude, strong relief, steep slopes;
(1) very low density of habitation, low
frequency of road access and intensity of
agricultural use,
Hilil High altitude, moderate relief and aslopes;
(3) low density of habitation, frequency of
road access and intensity of agricultural
use.
Eigh Plateau High altitude, low relief and gentle
(4) slopes; low density of habitation,
frequency of road access and intemsity of
agricultural use.
Upland Steep Upland Moderate altitude, strong relief and steep

Upland Margin

(5)

Upland
(7N

Upland Plateau
(8)

Upland Margin
(6)

slopeg; low density of habitation, moderate
frequency of road access and intenslty of
agricultural use.

Moderate altitude, relief and slopes;

high density of habitation, frequency

of road access and intensity of agricultural
use.

Moderate altitude, low relief and gentle
slopes; moderate density of habitation

and frequency of road access; high intenaity
of agricultural use.

Low altitude, moderate relief and rather
steep slopes; high density of habitation,
frequency of road access and intensity ot
agricultural use.

1 Numbers are those on map outputs of land type distribution for study
areas included in Part II of this report.

2 Descriptive terms are relative to the range of character included
in the study areas.




TABLE 4-2

PHEYSIOGRAPHIC AND TOPOGRAPHIC CHARACTERISTICS OF LAND <YPES IN THE BTUDY AREAS

Land Type &
tand Characteristic Steep Hill Hil1l1 High Platesu Steep Upland Uplandg Upland Platesu Upland Margin
Altitude Class £122 » .(< 400 2t.) 0 o .
(% area) 122-244 m (401-000 f£t.) 3 11 43
245-335 = (801-1100 ft.) 10 0 44 67 62 36
338-427 m (1101-1400 2t.) 33 21 25 39 29 29 13
428-610 = (1401-2000 1t.) 50 8l 57 0
> 610 m {> 2000 2£t.) 4 8 [} .0 4]
Altitude Range Average of Lowest Height :
p in Grid Square 374 437 433 285 285 288 219
Average of Highest Helght
in Grid Square 489 498 470 370 341 316 296
Average Height Difference 118 61 37 108 56 28 -
in Grid Square
Slope Classes 0-s° 8 20 74 13 33 8 20
(3 ares) s -11° 42 73 24 43 59 18 59
11 -22° 36 8 s 1 18
o
> 22 14 1 139 N ¢ 8
Aspect Class Northerly 18 a7 22 24 17 18 17
(% ares) Easterly 28 a3 38 26 28 37 27
Southerly 23 23 as 18 17 22 27
Westerly 33 17 13 30 7 21 20
0 (water bodies) [+ [} 2 2 1 1 [+]
a b a b [ 1 b [} b a b a b - b
Habitation Individual Buildings 1 0 s o g8 o 216 0.5 865 2.4 327 1.0 1575 3.2
Rosds © Principal Roads 0.1 0 0.9 3.3 1.9 2.4
Other Roads and Tracks a.8 G.3 e.3 a.s 4.2 3.5 7.3
Foothpaths © 1.8 1.0 0.9 3.7 1.0 2.2 3.8
Field Boundaries © 2.2 1.0 0.8 7.1 13.9 1.7 13.6

a

n o

As total number of i;pped buii'di.ngl in each land E}pe
As average number of mapped buildings per sguare
As a frequency score per square {(raage 0-23)

" All data are mean

the land type.

values for the 0,25 ﬁr';qulrel classified in

9¢
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TABLE 4-3a LAND GROUP REPRESENTATION IN THE STUDY AREAS
Land Group
Upland

8

tudy Area Hill Upland Margin
12 Study Areas Combined 48 36 16
Alwinton 67 28 5
Lunedale 80 11 9
Shap 54 39 7
Brangdale 30 42 28
Heptonetall 27 57 16
Monyash 0 86 14
Llanfachreth 31 25 44
Ysbyty Ystwyth 57 27 16
Glascwnm 23 50 27
Ystradgynlais 54 27 19
Lynton 12 56 32
Widecombe 12 64 24

Data as percentage of gtudy area occupied by each land group




TABLE 4-3b

LAND TYPE REPRESENTATION IN THE STUDY AREAS

Land Type i
|

el L o BT LR
I
12 Study Areas Combined 18 19 11 16 9 11 16
Alwinton 43 18 8 22 2 4 5
Lunedale 7 41 32 3 4 4 9
Shap 23 23 8 13 8 18 7‘
Bransdale 8 8 14 16 3 23 2#
Heptonstallj 2 11 14 14 29 14 1&
Monyash 0 o 1) 8 22 56 14‘
Llanfachreth 19 11 1 25 0 0 44
Ysbyty Ystwyth 8 31 18 17 6 4 16
Glascwn 12 7 4 25 11 14 27
Yatradgynlais 8 25 20 17 o 10 lq
Lynton 5 6 1 20 21 15 3|
Widecombe 6 2 4 11 46 7 2

Data as percentage of study area occupied by each land type




L

10 N 7727777 ) ==

Ny 22

Nl [N
tIE E'E!I

WA -
A e
N SR 77777 W =

[H LY 'ﬂrl

Libit: I‘ ll

1!”

WY

HtHN \ IR e
! RN L Ty
IEoH u:, m IM] i

Lunedale

T

Alwintan

T M 1@ u “ n ® 3 “
Key Stale %
S, i' gE Ll Bty .
S5 PR iR e “ o STELe Fig. & -1
uuuuu o sad LAND TYPE FREQUENCY IN STUDY AREAS

L]
MARGIN




60

some parishes. Llanfachreth, for example, has, as well as much

- 'ypland margin' (which lowers its overall hilliness ranking), a
" prominent 'steep hill' sector. Shap Rural and Shap, with ‘'steep
- hill' and 'hill' strongly represented, contain a significant extent

4.18

of 'upland plateau'. There are, in some cases, additional overlays
of other enviromnmental factors to be considered. The 'upland
plateau' sectors of Shap and Monyash which have Carboniferous
Limestone rocks with thin drift covers (2.21), have high average
levels of settlement and agricultural use that contrast sharply
with ‘'upland plateau'’ in other study areas on less agriculturally
favourable rocks.

In the land analysis, rainfall did not emerge as a clear key factor

" in separating land types, either at the level of division discussed
. here, or if the analysis was taken to a further stage of
i sub-division. Physiographic and topographic factors dominated the
f key factors which emerged from the analysis, with rainfall

appearing as a key factor inconsistently and infrequently. Thus
'steep hill' and ‘'upland margin' are, in terms of rainfall,
composite land types, with wetter and drier phases. Climatic
factors are, of course, important in vegetation distribution.
Temperature data are not available at the required level of detail
but are related to altitude and the geographic location of the
areas (2.29). To allow rainfall to be considered among the controls
of environment on vegetation each grid square was allocated to a
'low or moderate', ‘fairly high', or 'high or very high' rainfall
class from the rainfall range which dominates the square. Using
these data the vegetation at particular sites can be correlated

- with rainfall bands for the area in which the site is situated, or
. with rainfall phases of land types or land groups.

4.19:

4.20

The frequency of occurrence of rainfall phases of each land type is
given in Table 4-4, Steep hill, steep upland and upland margin
clearly have high and low rainfall phases of comparable importance.
Hill and high plateau are dominantly high rainfall land types but
also have significant 1low rainfall sectors. Upland and upland
plateau land types in the study areas are of moderate or fairly
high rainfall.

Variations in land character within and between the study areas are
used later (5.9-5.15) to consider the extent to which 1land

. characteristics are associated with the types of vegetaticn which
. occur in these upland areas. The history of man's modification of
5the natural upland vegetation is discussed next.
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TABLE 4-4 FREQUENCY OF RAINFALL PHASES IN LAND TYPES

Land Type

Rainfall

nfa Steep Hill High Steep Upland Upland Upland All Land
Band Hill Plateau Upland Plateau Margin Types

Combined

Low or
Moderate
{average 889 53 22 15 41 27 48 33 35
or 1092 mm
p.a.)

Fairly High
(average 7 i3 21 14 72 40 21 23
1397 mm p.a.)

High or Very

High »
(average 1805 40 65 61 45 1 12 46 42
or 2667 mm

p.a.)

Data as percentage of squares in. a land type in each rainfall band
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LAND-USE AND MANAGEMENT HISTORY

EXeept at a very small number of specialised locations (for example
on newly formed coastal dunes or saltmarsh) the vegetation of
Britain is never entirely natural. It has been c¢reated, or at least
substantially modified, by land . use and management practices.
Agriculture and forestry have had the greatest impact on the
evolution of the vegetation of upland landscapes in Britian, but
Such activities as mining, quarrying and water supply have also
been important locally. Thus, human and environmental controls
interact to determine upland vegetation and landscapes.

Destruction of the natural habitat

The wide open moorlands of many upland areas are so extensive and
striking that some early writers mistook these grass and heath
communities for totally natural vegetation. Pollen analysis, mainly
from deep peat cores, and archaeological studies have shown this
assumption to be false (see, for example, papers in Evans
et al. 1975)., By 5 000 BC almost every part of the land surface,
except at the highest altitudes, had become covered by deciduous
woodland as the land recovered from i{ts glaciated past. This
woodland consisted of mixed stands of native species such as oak,
beech, birch, lime, = elm and alder. The Mesolithic
hunting-and-gathering communities lived in an essentially wooded
environment. On the North York Moors, for example, it was only on
the highest ground that the forest thinned out Sso that such
woodland-edge species as Pteridium aquilinum (Bracken) are found
wmore frequently in the pollen record (Atherden 1972, 1979). In many
upland areas, large-scale destruction of forest may not have begun
until the Iron Age. Atherden (1976), for  example, has drawn a
distinction between the impact of Bronze Agé man practising a form
of pastoral nomadism and shifting cultivation, and that of the
later Iron Age population, living in more permanent settlements and
better equipped to exert more sustained attack on the woodlands
However, the Dartmoor evidence mentioned in 4,23 shows that Bronze
Age settlement could be the basis of planned upland pastoral use.
Table 4-5 illustrates, from a location near Llanfachreth, the kind
of chronology of local vegetation and hence landscape change that
has been deduced from pollen evidence.

Far then from ignoring the uplands, early man widely exploited
their resources so intensively that he destroyed extensive areas of
natural woodland cover, and accelerated the natural climatic
tendency that was leading, directly and through soil development,
to their replacement with more open communities of heath and moor.
Indications of the intensity of early land development (see
Plate 18) are widespread, for example the land boundary features




TABLE 4-5 THE DESCRIPTION AND INTERPRETATION OF LOCAL POLLEN ASSEMBLAGES AT PONT-SCETHIN (SH 635236)

(c 10 km WEST OF LLANFACHRETH) (FROM WALEKER & TAYLOR, 1976)
Period Pollen Summary Land Use Interpretation

Recent Pinus pollen increase; Sphagnum expansion. No Forestry Commission plantations; recent peat growth
further peaks in weed pollen; Potentilla maxima, locally. Increase in grazing pressure.

Napolecnic Small cereal maximum and rises in arable weeds. Small-scale cultivation in uplands, more widespread

Wars in lowlands.
Slight decrease in ruderal specles. Local regeneration.

Sixteenth Rosaceae maximum in assocliation with rises in Increased pastoral activity, especially along moorland

century Plantago lanceolata and Pteridium. edge.
Reduction in ruderal species. Lees intensified human activity,

Medieval Cereal peak; rise in Plantago major and marked Cultivation on a non-local scale,

period increases in Humex and Taraxacum. o
Budden expansion of Rosaceae, and rise in Intensification of grazing pressure locally with w
Rubiaceae; net decrease in tree pollen, further regional clearance of woodland.

Roman/Iron Marked reduction in Filicales; increase in Culmination of woodland degeneration and more widespread

Age period Cyperaceae. peat growth.

Bronze Age

Neolithic

Net increase in cereals. Plantago major and
Chenopodiacese represented,

Guercug fall sustained; increase in Gramineae,
pastoral weeds and Pteridiwm.

S1light increase in Betula.

Rises in Gramineae and increased representation
ot Plantage lanceolata.

Reduction in tree pollen; fall in Quercus.

Further increases in Rosaceae; Plantago lanceclata
and Taraxacum recorded,

Fall in Ulmue and Alnus. Net increase in ground
flora species including Filipendula, Ramunculus
and Umbhelliferae,

Small-scale cultivation throughout period.

Clearance of woodland on a regional scale;
Increased pastoral activity,

Partial recovery of woocdland.
Local pastoral activity.

More widespread interference.

Local woodland clearance.
Regeneration follows,
Local clearance with opening of canopy and

influx of non-local pollen. Regeneration follows.

Some pastoral activity.
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iealled ‘reaves' are present over many square kilometres of Dartmoor,
'including Widecombe and Buckland. Archaeclogists have identified
.these low banks of stone, often vegetation-covered, as the products
of a phase of planned land settlement extending through centuries
around 1100 BC in the late Bronze Age (Gawne & Somers Cocks 1968;
Gawne 1970; Fleming 1978). Although the uplands were used

.primarily as grazing-grounds, cultivation was attempted in the Iron

Age at some locations, for example in Northumberland a

jRonano-British field system survives as a series of lynchets
(terraced strips) near Alwinton. Archaeological evidence, together
‘with pollen data from such sites as Streng Moss (NY 965913),

indicates that extensive areas of forest were cleared at this
period throughout Northumberland in order to feed the expanding
native population and supply the needs of garrisons. In the pollen

.diagrams, tree-pollen percentages from this period are as low as
-those of today (Davies & Turner 1979).

‘The uplands experienced an impoverishing effect of man's
fexploitation of natural resources (considerins that 'production' in

‘woodland is intrinsically higher than that of moorland), creating a

situation in which the essential character of much of our uplands
can be thought of as largely prehistoric in origin (as discussed
for the North York Moors by Spratt & Simmons 1976). Intense grazing
pressure, and the short term cultivation of crops where possible,
accelerated the fall of soil lime and plant nutrients to low base
levels in situations where the natural trend {(see eg Ball 1975),
especially under the high rainfalls of the Iron Age, was in any

‘case strongly directed towards podzolilaat._ion and the build up of
~surface peat on very acid soils. By the firat century BC, much of

the higher ground with gentler slopes was covered by blanket bog,
while on better drained sites a drier heather moor was evolving. In
a simplified view this represented the transition from a mineral
soila/woodland ecosystem to a more impoverished peaty soils/moorland
system. The native forest on the higher land never recovered from
this early and major decline. :

‘The pastoral uplands

By providing grazing land for cattle and sheep, the uplands menaged
as a moorland/grassland/subsidiary woodland complex  have
frequently played as important a part in regional economies as have
the lowland areas with their arable crops, dairy herds and
timber-producing woods. The upland grazing grounds were sometimes

.in single ownerships and tenancies, sometimes they had the status
‘of Common Lands, with Jjoint grazing rights. In general, common

grazings survived on the higher ground, Figure #-2 illustrating
this for Glascwm, where the Tithe Commutation Survey of 1837 shows
most Common Land to lie above 335 m and a high proportion to be




FIGURE 4.2 GLASCWM-1837
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M.Zﬁi Continual grazing of the uplands by farm stock through the

i centuries, and the interaction of grazing with other environmental
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above U57 m. The grazing grounds were often managed to provide

~controlled access for the livestock of as many people as possible.
- On Dartmoor, in 20 parishes ('Venville Parishes'} on the edge of

the high moor, including Widecombe and Buckland, the inhabitants
paid a small fixed rent to entitle them to pasture stock in the
Royal Forest and Common (Fogwill 1954) In many areas it was
customary for land tenants al3c to rent the sheep flock, such
flocks being sold with a property. A tenant was obliged to leave
the same number of stock at the end of a lease as he took over at
its start. This system guaranteed that a specified number of sheep
in a self-sustaining flock, used to a particular part of the
terrain as a historic range, remained on the land, and that grazing
pressure was controlled at a level to ensure the survival of
vegetation of a desired type.

- factors, have led to the predominance of various types of acidic

4.27

grasslands and shrubby heaths. Grazing intensity varies according
to the nutritional quality of the vegetation, and according to
local custom. The experienced grazier seeks to achieve a balanced
stocking which on the one hand will produce animals fit either to
sell direct to the markets or for fattening elsewhere, while on the
other it will maintain the quality of the grazing-grounds by
preventing the replacement of more palatable and nutritious species
by coarser species.

The level of grazing pressure achieved during any period often
reflects the effects of social and economic factors. This can be
illustrated in relation to the foundation, growth and eventual
destruction of the monasteries, as demonstrated on the North York

‘Hoora. Here the trend to a more open environment through grazing

pressure may have been interrupted by the Anglian and Norae
incursions, and more especially by the ‘'harrying of the north' by
the Normans in the 11th century. The founding of the monasteries
helpgd to consolidate and re-emphasise earlier interrupted patterns
of pastoral exploitation. Bransdale and Farndale had already become
part of the extensive sheep-runs of Rievaulx Abbey by the mid-12th
century. For over U400 years there was a c¢losely-regulated annual
cycle of movement of stock from the sheltered dales to higher
ground in summer. Pollen diagrams from sites in the Nidderdale area

- of the Pennines indicate a peak at this time for Rumex acetosella
{Sheep's: Sorrel.), a plant wvhich now colonises bare, eroding peat and
is associated with poorly-managed grazings. Tinsley (1976) has
- taken 1its presence in the pollen record to suggest deteriorating

grazing conditions and initiation of peat erosion as a result of
over-grazing. Although the intensity of grazing pressure on the
high moors may have declined and become more erratic following the
dissolution of the monasteries in the 1530s, some effects of former
management may have been irreversible.
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Many parts of the uplands, for example central Wales, have become
characterised by small, family farms. Often these date from the
18th and early 19th centuries, when demands for land, sometimes
related to local mineral exploitation (4.37), were so strong that
farms were created in central Cardiganshire at altitudes of up to
2T m (900 ft). Lax administration and ill-defined boundaries of
many Commons encouraged squatting. Although self-supporting for
most of their needs, the small family holdings could not be cut off
from the outside world. Money was at least needed to pay rent,
tithes and taxes. Such considerations may earlier have accelerated
the displacement of cattle, which had been the first mainstay of the
Welsh wupland economy, by sheep in the mid-17th century and
Subsequently. Not only did the wool trade become more profitable,
but the gradual spread of root crops allowed easier winter feeding
of lambs (Morgan 1959).

The grazing impact of each species and type of animal varies
(4.59), but adjustments in the numbers, species or ages of grazing
animals were not the only way that has been regularly used to
influence the floristic composition of vegetation. As grouse
shooting became an organised use of hill land in the 19th century,
burning which had aiways had a place in wupland management was
turned to a controlled method of sustaining the proportion of
young, more palatable, growth of heather in moorland vegetation
(Gimingham 1972) (see eg Plate 2). Heather communities were
typically burned in March or April on a rotation of 7 to 10 years.
A game-lease for part of upper Teesdale, in the neighbourhood of
Lunedale, in 1898 required the tenant 'to Jjudiciously and in a
workmanlike manner burn such quantities of heather and ling as may
be necessary' (Britton 1974), and another, for an estate south of
Alwinton, limited the area of 'heath, bent or grass' toc be burnt to
a sixth part of the whole in any one year. Elgee (1912) suggested
that burning was the most important 'disturbing factor in the plant
life of the uplands', and may have led, over time, to a decrease in
speclies diversity. The skilful application of burning i3 recognised
as the cheapest and most effective method of creating and
sustaining pure stands of heather (Miller & Watson 197H;
DAFS/NCC 1977).

The role of chemicals in the ecosystem and their ultimate effect on
the landscape has increased 1in significance as the use of
fertilisers, selective herbicides and pesticides has expanded since
1945. Such chemicals have obvious and direct effects on vegetation,

-affecting its pattern and structure. This is equally as true of

long established chemicals such as lime as it is of newer
introductions, such as paraquat. There can also be indireet effects
of these substances and the residues that are derived from their
partial breakdown in the ecosystem. The removal or attempted
removal of a single important component species of the vegetation,
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for example bracken, has an overall landscape impact, altering the
aspect of the wupland scene, since the seasonal colour and
growth-form changes asscciated with extensive stands of bracken are
lost.

Direct changes

Discussion in 4.25 to 4.30 has been focussed on the long history of
pastoral land-use management and its impact on the evolution of
upland landscapes and vegetation. Continuity of the
grassland-moorland vegetation range in the pastoral uplands has
been suggested as a dominant characteristic persisting since the
early destruction of native woodlands. This general impression of a
long-term stability of much of the uplands should not obscure those
changes which have had widespread, or locally concentrated, direct
effects on upland vegetation and landacape. The impacts of many of
these direct effects are seen in the study areas.

The most ubiquitous form of direct change has been the conversion
of heathy moorland to arable or improved grassland use. Some such
areas have not remained under cultivation but the methods of
cultivation used have results which remain to identify them. Prior
to the mid-19th century, the essential improvements in drainage
often required before cultivation was possibie were carried out by .
ploughing the moorland into broad ridges, on the crests of which |
the crops were planted. Such ridges remain visible over present day
moorland in upland Britain as an indication of tillage prior to the
mid-19th century. At this period forms of under-drainage became
available and ridging was no longer generally carried out (Parry
1972 & 1976b). The persistence of an ecological impact of the
cultivation on these ridged ploughlands varied according to the
permanence and extent of the cultivation. If cultivations were by
shallow ploughing, and were not frequently repeated, then rooting
systems and seed sources of the original vegetation could survive,
and re-colonisation was comparatively easy when cultivation ceased.
The frequent policy of reclamation of relatively small areas in a
patchwork among undisturbed moor also meant that there was scope
for more rapid regeneration of vegetation from the adjacent
moorland if and when cultivation of the ridged areas was abandoned.

No matter how pastoral the agricultural emphasis was in an upland
area, some land had to be cultivated in order to feed the
population before goods became widely transported over substantial
distances from source to market (4.41), and to supplement
local-grown fodder supplies for livestock. In Widecombe there is
evidence of an extensive area of medieval arable fields that were
managed on & communal basis. In many parts of the wuplands, tracts
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of moorland were reclaimed in the 12th and 13th centuries in order
to feed the rising bhuman population. Even when the local needs
became less pressing, it was often worth continuing to cultivate
the land. Once the task of converting moorland to arable had been
achieved, a comparatively modest investment was required to keep
the arable land productive. Indeed, a reduction in demand for food
may have helped to sustain arable use, as it would have allowed
greater scope for leaving the ground periodically fallow. This gave
farmers the chance to destroy weed-growth, and slow down or arrest
the loss of soil nutrients in the crops. In most cases the only
fertiliser available was animal manure, and in order to maintain the
animals needed to provide the manure to apply to the arable land a
general upgrading of pastures around the arable fields may have
occurred.

Ambitious wupland reclamation and improvement schemes became
commonplace in the late 18th and 19th centuries (see eg Plates 3, 7
and 17). Large parts of central Exmoor were converted to pasture
following an Act of Inclosure (Orwin 1929). After some initial
opposition to the expense, much of the moorland in Lynton was
enclosed and ploughed in order to create more productive pastures
for sheep and cattle. On Dartmoor over 6 000 ha (15 000 acres) were
enclosed with stone walls by the wmid-19th century while in
Widecombe, on Cator Common, for example, several miles of shelter
belt were established. The parish of Llanfachreth was affected by
an Enclosure Award of 1821, which led to an expansion of the arc of
farms south east of the village into the upland pastures (Thomas
1965) (Plate 12). The process of physical enclosure did not,
however, always lead to improvements in land management. Many Welsh
owners were concerned only to establish their legal right to the
land as a means of resisting squatting. Elsewhere when enclosure
was proposed for Shap parish in 1766, the tenants and landowners
warned that 'the High Fell or Peat Moss is incapable of any
improvement'. No enclosure took place then and, when a fresh
initiative for enclosure was taken, the commoners again warned that
'the nature of the Soil and Climate of the commons in question
renders the greatest proportion unfit for Arable Cultivation and
only useful for the purposes of planting (trees) and pasturage'.

The constraints imposed on reclamation and improvement ventures by
the natural environment could be modified or overridden by local
social and economic conditions. An example of this is seen around
Alwinton in upper Coquetdale where the early medieval pericd was a
time of relative prosperity. Newton (1972) has drawn attention to 'a
countryside which abounds with the ridge and furrow of medieval
ploughing' above Alwinton on comparatively high and difficult
ground. There are references to scattered settlement at this time
throughout this area. In contrast, the 16th century there was a
period of devastation and depopulation, caused by the raids of ‘the
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Scottes or Ryddesdale men' (Dodds 1940). In the words of a

' surveyor, quoted by Hodgson (1828), during times of ‘'warre or a
' troublous peace then wyll nc man aventure to inhabyte or somer

there. So that in suche seasons the said Kydland lyeth allwaies

i utterly voyde and wast'. It was not until the permanent restoration
- of peace in the late 17th century that farming could be restored to

its earlier scale. The rent of 6 000 ha (17 000 acres) of Kidland,
which had been fixed at a nominal 20 shillings in 1541, rose to £5
in 1631, to £400 in 1731 and g3 000 by 1800. The peak in local
agricultural expansion may have been reached during the early 19th
century, when many medieval ploughlands were once again worked.
From air photographs, it is possible to distinguish about 300
hectares of present day moorland in Alwinton which were under the
plough at some time before 1800,

The appearance of many upland areas has been widely transformed
over a comparatively short pericd by afforestation with non-native
conifers (see Plates 1, 11 and 13). The Forestry Commission (FC)
since its creation in 1913 has been active in buying pasture and
hill for planting. Since 1945 private groups have also planted
large tracts of upland. As early as 1921 negotiations were
completed by FC for large parts of Llanfachreth (Plate 11). As an

example of regional forestry development, actual and potential,

Figure 4-3, simplified from a map in a report of the Welsh
Agricultural Land Sub-Commission (1955), shows the distribution of
plantations 1in mid-Wales, including Ysbyty Ystwyth, by 1955,
together with the FC assessment then of the potential for future
plantings in the region. Large scale planting has also occurred in
Alwinton (Plate 1), Ystradgynlais and, less widely, in Bransdale;
Widecombe and Glascwm. The main limitations to afforestation are
altitude and exposure among natural factors, and competitive 1land
ownership and use factors such as the presence of Common Land,
military training areas, and water gathering grounds, and areas
scheduled as of landscape and ecological importance. The Otterburn
(military) Training Area of 22 880 ha (56 509 acres) which
incorportates the southern part of the parish of Alwinton is, for
example, the largest training area in Britain. It 1is clearly
impractical tec plant forests over land in military use s8¢ the
ranges are generally let for sheep grazing. Although it was once
the practice to afforest water gathering grounds, this policy has
now fallen into disfavour. There 1is considerable developing
encouragement to increase the area of commercial forestry in
Britain (eg CAS 1980). This, and agricultural intensification in
especially favourable areas, are the main factors for direct change
likely to affect upland vegetation in _a substantial ‘way. An

estimate of the potential for such expansion in the atudy areas is

discussed in 5.95-5.100.
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Abrupt changes affecting landscapes that have conspicuous results on
‘& local scale arcse from mining ventures. The uplands not only
icontained minerals that could be exploited but their pastoral
economy provided increased opportunities and incentives for such
development. Whereas the farming community in arable areas of the
lowlands tended to be fully occupled with farming tasks, labour was
more readily avallable in pastoral upland areas, especially on a
seasonal or part-time basis. In some places, as in Ysbyty Yatwyth
and Shap, the population increased because of the work created by
the metal mining and stone quarrying industries. A dual economy
based on agriculture and lead aining sustained life in many upland
parishes in Wales and the Pennines (including the study area of
Lunedale, see Plate 2). As was usual in agricultural tenancies, a
lease for the sheepwalk of Logelas in Yabyty Ystwyth in 1848

‘reserved the 'mines and minerals thereunder' for a separate lease
‘to a mining company. The desire of landowners to promote mineral
.exploitation is seen from a lease for Glasfir-ucha in Llanfachreth
‘in 1888, whereby the mining-lessee had 'to diligently explore and

open all minerals in and under the said farm and lands’ and to keep
constantly employed at least 'four able bodied men'. In other study
areas coal was the resource to be utilised. There were over 50

coal-pits in Eaat Wilkwood in Coquetdale (Alwinton) worked during

the period 1750-1850, often to provide coal for lime-burning, while
in Bransdale a lease survives from 1715, which granted a Fadmore
yeoman the right to 'all those veins of coal now opened in a
certaine plais called Anknesse... with liberty of sinkinge three new
shafts or pitts'. The largest group of pits there, at Rudland, was
sunk over a period from the mid-19th century until the 1920s. The

- numerous shale heaps which survive on the moorland today (Plate 7)
‘indicate the scale of former activity and 1local disturbance

(McDonnell 1963; wWhitaker 1969). Coal, stone and metal workings
created locally substantial quarries or spoil-heaps, for example in
Ystradgynlais and Shap {(Plate 4). However, except where mining
increased the population and thus the preassures for small
agricultural holdings, often worked on a part-time basis, the
effects on vegetation away from the immediate vicinity of a mine
could be slight.

One of the changes caused to local landscapes through some forms of
mining was the creation or adaptation of watercourses. On Dartmoor,

: where tin-mining was promingnt, most of the tin was excavated from
. outerops of rook using picks and powerful streams of water. Leats
' were conatructed, taking water from streams across the outcrops of
‘ore rock and, where natural watercourses were not available, small

reservoirs were built (Harris 1969). The watercourses downstream of
mine works «often became affected by pollution, sometimes
persistently so. In Llanfachreth, the problem of polluted streams
became so serious in the late 19th century that lessees were
required to provide ‘filtering beds or slime pits or other efficent
or approved means of protecting the said rivers, streams, waters
and watercourses'.
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The -environmental consequences of the one-time close relationship
between farming and industrial development in parts of the uplands
are well illustrated by the example of Heptonstall (Plate 8), where
the presence of extensive little-used moorland and a
weakly=-developed manorial system was a factor which provided
opportunities for the supply of one necessity for industrial
growth, the availability of labour (Raistrick 1970; Wild 1972). It
was comparatively easy to obtain the freehold of land, which, since
tight control was not maintained by landlords, scon led to multiple
inheritance and the large scale subdiyision of farms. Most holdings
provided no more than ‘'the meanest levels of subsistence', and
there gradually evolved an occupational integration between
agriculture and woollen-cloth making. According to Watson (1775},
there was 'scarcely a single instance in the whole parish of a
man's living entirely by farming'. Once taken up, the work provided
by the cloth industry encouraged further colonisation of the
moorland, and subdivision of holdings. By the 18th century, Defoe
described how the land was 'divided into small enclosures, that is
to say, from two acres to & or 7 acres each, seldom more; every 3
or 4 pieces of land had a house belonging to it' (Cole, 1959). The
importance of the domestic textile industry made Heptonstall and
the Halifax area particularly susceptible to change during the
Industrial Revolution (Hanson 1920). The Iintroduction of the
water-frame led to the migration of production from cottages to the
new factory mills, built on the banks of Hebden Water and other
fast-flowing Pennine streams. By the mid-i9th century, the centres
of industrial development had again shifted, this time from the
streamside mills down to the principal valleys, where it was easier
to import coal for use in the new mills driven by steampower, along
the roads, the waterway of the Calder Navigation, and the railways.
Hebden (Hepton} Bridge eclipsed Heptonstall, as the low-lying lands
which had previously been avoided and neglected became centres of
change and development. On the high ground, a legacy of large
numbers of small farmed intakes from the moorland remained, the
resources of which have wusually been adequate to sustain their
improved state, though not to expand them.

Locally important direct changes follow conversion of land to
water, through explcitation of tracts of upland for wmajor water
storage purposes. Two reservoirs have been constructed in Lunedale
(Plate 3), and in Shap the artificial raising of the water level of
Haweswater in the 1930s led to the flooding of all the lower ground
in Mardale. Not only are plant communities associated with valley
floors obliterated by such schemes, but agriculturally the loss of
hay-meadows and winter accommodation pastures through flooding may
lead to a general fall in stock numbers over the neighbouring
uplands. This kind of effect may help to explain the dramatic fall
in livestock numbers in Shap, as recorded in the Annual Returns to
the Ministry of Agriculture between 1935 and 1940 (Figures 4.5
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and 4-b6). Similarly, according to Crump (1938), the construction of
?t.ha reservoirs in and near Heptonstall (Plate 9), enormously
‘reduced the sheep-runs of the parish'. In order to ensure water
purity, cattle were excluded and sheep numbers were often reduced
on water gathering grounds.

Recent times

:In the mid-19th century, a period often characterlsed as a 'Golden
! Age' of agriculture in Brfitain, improved communications and greater
~accessibility to large markets, which might have been expected to

lead to further upland land reclamation and agricultural
development, often acted in the opposite direction. It had become
easier to send produce to distant towns but the other side of the
coin was that in return it was also easlier to import foodstuffs, so
that the supremacy of farmers in their local markets was removed.

: Previously, farmers could depend on the prices received for their
. corn and animal products rising and falling according to the

quality of the local harvest. With a poor harvest, prices rose
because of local scarcity. This self-balancing mechanism ended when
it became easy for even the more remote uplands to import cereals,
meat and wool from overseas, grown under quite different climatic
regimes, unaffected in priée by local seasonal conditions, Prices

~not only fell, but remained low even when home output was
~ depressed. Low yields no longer brought a compensatory rise in
. prices. In these changing circumstances the upland producer tended
. to . fare worse because of higher overheads in relation to

production. The only available response was to economise wherever
possible by reducing arable acreage and the scale of investment in
pastoral management. Often poor husbandry practices made adjustment
difficult. Garnett (1312) complained of how some of the higher
ground in the Lake District had been 'ploughed so hard and so long'
that it was difficuit to re-estabiish a sward, and there was
insufficient capital to purchase the necessary seeds, manure and
other agricultural essentials. When much of this marginal arable
land was abandoned in the later 19th century, it reverted directly
to rough pasture or moor, rather than being maintained as improved
pastures.

With the exception of the brief period between 1915 and 1921,
agricultural prices remained depressed throughout the first 35
years of the 20th century, and the impact of this on the upland
countryside was further accentuated by the collapse of many rural
industries and occupations. Whereas in 187! over U4 000 men had been
employed in mining in Cardiganshire, Montgomery and Radnorshire,
the number had fallen to 700 by 1900, and all activity had ceased
by 1931. The plight of the upland farmer was the subject of a
number of ad hoc inquiries before and after 1945, the most relevant
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of which was the previously mentioned (4.36) study of 120 000 ha
(290 000 acres) of central Wales, including the parish of Ysbyty
Ystwyth (Welsh Agricultural Land Sub-Commission, 1955). In its
report the Commission described the various forms of subsidiary
income avajilable other than from agriculture as 'part of the sinews
of the 1life of the countryside in general', With their
disappearance there was a tendency for smaller farms to. become
deserted or amalgamated, and their homesteads to be left ruinous.
The Mid-Wales Report recorded 782 examples of dereliction,
consisting of 258 holdings abandoned over 50 years previously, 309
abandoned for between 21 and 50 years, 156 for between 6 and 20
years, and 59 abandoned in the previous 5 years.

An indication of general trends in upland farming this century may
be obtained from the Annual Returns made by farmers to the Ministry
of Agriculture and its predecessor. Since 1868, farmers have
provided annual statistics reporting extents of specified crops and
numbers of different livestock on their holdings. This information
is treated as confidential at the farm level but summaries for each
census unit (usually a parish) may be consulted in the Public
Record Office.

A selection of data has been extracted from the Annual Returns for
each study area for 5-~yearly intervals since 1900. Unfortunately
some categories of information are available for only a limited
number of years, and it is impossible to follow trends in some
areas because of changes in the size and extent of census units.
From the statistics available for most areas it is possible to plot
trends in tillage (Figure 4-U4), cattle and sheep (Figures 4-5 and
4-.6), and the number of sheep per acre of permanent grassland
(Figure 4-7). The average area under tillage declined until 1914,
then rose and remained at a level comparable to that of the early
1900s. The average animal population has fluctuated less, and stock
numbers in the mid-1960s were generally comparable with those of
the first decade of the century. The number of sheep has risen
since the 1930s after an earlier decline. The overall impression
is, therefore, 'one of broad stability in stocking rates over this
period.

There are considerable variations from the general trends between
and within the study areas. Cattle increased markedly over the
1930-1965 period in Monyash, and also rose sharply in Widecombe but
from 1955 to 1965. Perhaps the most striking change to affect a
study area was the decline in the agricultural area and output of
Shap in the period 1935-40, at the time when Haweswater was
enlarged and became a reservoir. The increases in tillage in
Glascwm since 1940 and in sheep numbers in this area since 1955 are
also marked. If changes in the size of the labour force and the
number of farm holdings are used as an indicator of wider trends in
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land-use and management, then Figure 4-8 suggests, for the 9 study
areas for which statisties are available, a wide and complex
variety of recent experience. The average number of farm workers in
Shap fell from 88 between 1925 and 1940 to 23 for the years 1950 to
1960, and in Ysbyty Ystwyth from 52 to 18. In contrast, the
opportunities for employment rose in Heptonstall, Monyash and
Glascwm. In most of the study areas, there *was a decline in the
number of holdings, but there was no significant change 1in
Widecombe and Glascwm.

The relative importance of very small holdings in Heptonatall,
Llanfachreth, Ysbyty Ystwyth and Ystradgynlais, persisting into
recent years, is brought out in Figure 4-9, which shows the range in
the size of the holdings in the study areas, as recorded in the
Annual Returns of 1950. Its significance may be underlined by
reference again to the mid-Wales study (Welsh Agricultural Land
Sub-Commission 1955) which included an attempt to  assess
priofitability of holdings from their numbers of breeding ewes.
Lémbing percentages could be as low as 80%, and a flock of over 500
ewes was needed to sustain a reasonable living. Only 1289 of the
holdings in the region were considered viable on this criterion,
31% were marginal, and 57% were too small to be economic units. In
Ysbyty Ystwyth, the proporticn of holdings too small to be viable
was as high as 80%. The mid-Wales report concluded that an
important distinction should be drawn between marginal land and
marginal farms - a farm need not be marginal in an economic sense
just Dbecause it was on inherently poor land, and a farm on first
class land could be marginal because there was insufficient land
and the unavoidable costs of equipment and labour were hardly
covered by the value of the output.

The moorland core and fringe

Ideally, in order to follow the causes, courses and rates of
vegetation change, ecologists would like to have a comprehenaive
and precise description of the use, management and vegetation of
each piece of land at regular intervals throughout the past.
Unfortunately, this is unattalnable, as land-~use and management
surveys or records were not. made as frequently and at the level of.
detail which would provide this. For the more distant past, pollen
analysis, archaeoclogical evidence, and early documents provide
partial information at irregular intervals, and often refer to
special rather than general c¢ases. Even recent statisties and
estate records, where they can be found, do not locate situations
precisely or record all the data required. It is possible, however,
to construct some plcture of the recent historical lande-use mosaic
of the study areas from available maps and other sources.
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Trends in land-use and management were complicated. Moorland
reclamation and reversion often tock place simultaneously on
different parts of the upland in response to individual reactions
to external opportunities, pressures and demands. Taylor (1978)
constructed a theoretical spatial model of the concept of
marginality, in which he identified a frontier of permanent and
profitable land-use, and another of permanent non-use which, in
theory at least, was less flexlble, these frontiers being separated
by an intergrade zone. The model takes account of outliers and
inliers, caused perhaps by  local circumstances of soils, grazing
conditions, or access. Taylor conceded that his model was highly
stylised and too rigid for the real world, where marginality is
usually relative, rather than absolute, in its effects. In reality,
a mosaic distribution of varying degrees of low and high
productivity exists, and it is the purpose here to show in a
simplified way how the mosaic within the study areas has changed
over the last century or so.

In the study areas, 'permanent use' land of higher productivity in

the Taylor model can be equated with 'farmland', which is now, and
for the discernible past has been under cultivation for crops or
managed as improved grassland. The area of ‘'non-use' in the model
can be equated with the sectors which have, over the time studied,
always been heathy rough grazing. Such areas can be termed
'moorland core'. Land of ‘'marginal use' in the model can be termed
'moorland fringe'. This is land which was at times used in the same
way as the 'moorland core' and, at other times used as 'farmland'.

‘ﬁhe distinction between moorland core and fringe follows that of
Parry (1977), as adopted subsequently by the Peak District National

Park authority in formulating land-use policies.

The most important sources of information on the relative
disposition of farmland, moorland core, and moorland fringe are the
Ordnance Survey (0S) maps compiled since the mid-19th century.
Surveyors were required to record the edge of the moorlsand, which
their instruction handbook defined as the division between 1land
under cultivation or managed as improved pasture, and areas of
natural or semi-natural vegetation. The relevant sheets at 1:10 560
scale (1:10 000 in the most recent re-surveys) identify by symbols
the tracts of 'rough pasture, heath and moor', where these covered
more: than 0.25 ha, A section of such an 0S map is shown in
Figure 4-10. Additional information can be derived from the Tth
Series of the 0S 1:63 360 maps, which first appeared in 1947, and
have now been succeeded by 1:50 000 maps. As well as the map
evidence, air photographs of the parts of the study areas
identified as moorland core were studied, in collaboration with
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Pr. M. L. Parry, University of Birmingham, who (Parry 1972, 1976a
and b, 1977) has discussed the wuse of air photographs in
investigating land-use change. At an approximate scale of 1:10 560,
photographs of Welsh areas dated from the 1970s, and the remainder
were taken by the Royal Air Force in the 1940s, On these photographs
parts of the 'moorland core', as defined from its mapped history
after about 1850, were found to show evidence of previous
cultivation. For recording purposes, a distinction was possible
between plough-marks on the photographs that are characteristic of
ploughing before or after about 1800.

Two subsidiary forms of map evidence were used. For land-use in the
1930~38 period, reference was made to the annotated 1:10 560 field
sheets that were compiled during the first Land-Use Survey of
England and Wales. On these manuscript maps it is possible to
distinguish arable, meadow, and pasture from heathland, common,
rough and hill pasture, and moorland. Unfortunately not all the
sheets survive for the study areas. In order to seek additional
insight inte land-use in the early 19th century, maps,
apportionments and files compiled during the Tithe Commutation
Survey of 1836-50 were examined. This survey was carried out on a
parish basis, but not all parishes were covered and, in some cases,
land-use data were not recorded. Particular use has been made in
this study of the tithe maps for Glascwm and Lynton. No land-use
data were included on the tithe maps available for Ysbyty Ystwyth,
grstradgynlais, Glyntawe and Buckland.

On the basis of information from OS and other map sources, and the
air photographs, a map was compiled for each study area, identifying
the areas that were always recorded, over the period between around
1800 and 1970, -as moorland (the moorland core), and those parts

‘which comprise the moorland fringe. An example of such a map is

shown for Bransdale as Figure 4-11. In the fringe area, a
distinction is made between those parts where the cartographic
evidence indicates reclamation for agriculture or forestry, and
those where reversion from agriculture to moorland has taken place.

;Similar- maps for all study areas are included in Part II of this
‘report, '

Before comparing the pattern and chronology of land-use changes
within and between the study areas, attention must be drawn to the
limitations of the evidence. The surveys were made at irregular

‘intervals, and there were often long gaps between one survey and

the next. It is therefore possible for moorland to have been
cultivated but then abandoned between surveys. Additionally, the
periods between surveys, and the dates of survey, vary between the
study areas. Further difficulties could arise from differences in

;the way 1in which the types of land-use were defined and
fcatesorised, and in the levels of consistency attained within the

e
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surveys. However, recent work by Harley (1979) has shown that the
recording of vegetation types and land-use was central to the

- objectives of the Ordnance Survey until at least the early 20th
' century, and that a high degree of consistency in surveying and

recording the land-use data was achieved. In the present study,
difficulties in extracting complete data from air photographs were

. caused in part by incomplete coverage of all the areas and in part
by poor clarity prints.

Bearing these limitations in mind, the extents of moorland core and
moorland fringe were measured for each study area, and the results

. are summarised in Table 4-6. The area of fringe exceeds that of
- core only in Monyash. In Alwinton and Llanfachreth, the high

proportions of fringe reflect the extensive area of moorland that
has recently been afforested.

Table 4-7 shows the variation between study areas in the extent of
land reverted from farmland to moorland and the period of
reversion. The reverted fringe ranges between low values of about

- 1.5% in Lynton, Glascwm and Monyash, to around 6% in Bransdale and
. Widecombe. Low levels of reversion generally imply a retention of

reclaimed land under agriculture because of its relatively high
quality as in the study areas quoted above, but it may result from
initially low levels of prior reclamation, for example in Lunedale.

‘ The extent of reversion in Widecombe is notably high in relation to

its generally relatively favourable suitability for agriculture.
The periods at which reversion took place also vary between study
areas. In Alwinton the reversion took place substantially before
1800. Lynton and Widecombe show a high proportion of their reversion
to moorland to have taken place between 1800 and 1850. Reversion in
Monyash was relatively high in the 1851-1855 period. In Shap and
Ysbyty Ystwyth the principal period of reversion was between
1886-1905. Much of the identified reversion in Lunedale, Glascwm
and Ystradgynlais occurred between 1906 and 1940. Only in
Branadale, Heptonstall, Glascwm, Ystradgynlais and especially in
Llanfachreth has reversion since 1941 formed a significant part of
the whole.

CONTEMPORARY MANAGEMENT PRACTICES

Vegetation change by abrupt human modification of the semi-natural
ecosystem continues as a major influence on contemporary upland
landscapes. The methods and objectives of modern hill farming are
set out clearly in HFRO (1979) and a concise account of grassland
improvement techniques is given by Davies (1980) . Valuable papers
on agriculture and other land-uses in the uplands are included in
CAS (1978). Direct changes by cultivation, fertilising and
reseeding for agriculture have immediate revolutionary impacts when
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TABLE 4-8 EXTENT OF FARMLAND, MOORLAND CORE, AND MOORLAND FRINGE

Composition of Moorland Frioge

Ares of Area of .
Reclaimed Mocrl
Study Area ?“1 ':"‘1“;!' Moorland Noorland orland Reverted from
Tres aralan Core Frioge - Total Reclaimed for Reclaimed for Farnland

’ Reclaimed Agriculture Forestry
Alwinton 15828 882 12385 2379 1887 105 1782 . 422
Lunedsle 0275 1328 7660 290 105 105 0 185
Shap 11325 3080 7581 844 104 26 78 540
Sransdale 3200 229 1806 ars 1901 5 188 184
Eeptonstall 3300 880 1300 110 19 10 0 91

&

Nonyash 3800 3312 107 181 119 119 0 82
Llanfachreth 7200 1982 3236 1992 1790 n 1789 203
Yabyty Ystwyth 5380 087 s82s 868 338 15 320 233
Glascwa 3875 1931 1300 444 382 308 76 63
Ystradgynlais 4778 938 3221 818 398 21 375 223
Lynton 3150 19324 885 341 297 297 0 44
Widecombe S050 2298 23140 824 313 307 0 811

Data from snalysis of Ordnance Burvey and air photo sources, for the period post - 1800 approximately (Areas in hectares)

1 ‘Paruland’ is by difference: Total Area - {(Moorimnd Core + Fringe), so it will include some land in non-agricultural use




TABLE 4-7 REVERSION OF FARMLAND TO MOORLAND AT DIFFERENT PERIODS

Reverted
_ Area Area as Period of Reversion, Farmland to Moorland

Study Area Rm(r;:;ed W Pziciﬁf ‘pre- 1801~ 1851~ 1886- 1906~ 1941-

Area 1800 1850 1885 1805 1940 1878
Alwinton 422 | 2.7 70 7 2 18 3
Lunedale 185 2.0 17 17 10 &6
Shap 540 4.8 1 14 51 34
Bransdale 184 5.8 16 11 8 22 2 40
Heptonstall _ 81 4.0 16 35 3 25 21
Monyash o2 1.7 - 76 24
Llanfachreth 202 2.8 7 15 11 4 63 &
Yabyty Ystwyth 233 4.4 9 55 36
Glascwm 62 1.7 ‘ 3 27 48 22
Ystradgynlais 223 4.7 6 21 4 40 29
Lynton 44 1.4 53 18 28
Wideceombe 311 6.2 8 66 7 19
Study Areas Combined 25996 3.5 15 17 8 21 27 | 12
Length of Time (years) - - ? 50 35 20 ~25 38

As the percentage of the land reverted from farmland to noorland in each time interval,
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they affect previously less intensively used 1land. Agricultural
managemant changes in the past 35 years in the British uplands have
first concentrated on increasing the productivity of enclosed
'in-bye' farmland, then extended to the upgrading of accessible
rough 'srazinga, and finally turned to the moorlands expanding the
fringe, perhaps finally, at the expense of the moorland core.
Agricultural expansion by the establishment of improved pastures
has in many areas elimainated or made substantial inroads into land
which previously supported less productive, but vegetationally more
varied types of grassiand, heath, and scrub woodland. Such recent
expansion in the study areas has been particularly notable in
Lynton and Glascwm (Plate 14).

In the work covered by this report, concern is primarily with the
more evolutionary successions of vegetation change brought about by
less extreme and sudden management methods. Generally, gradual
vegestation change as it affects the landscape meanas change in
species composition of the plant community and it is this aspect of
gradual change that is considered. It should be noted that visual
impact also results from seasonal effects such as the annual cycle
of bracken growth and dieback, or from contrasts between grazed and
ungrazed variants of the same plant community (5.62), but these
considerations also are not explored now. This chapter next turns
to a summary of the general effects of the more gradual methods
that are used to modify moorland and rough pastures in the
direction of agriculturally improved herbage, and which permit
previously improved grassland to revert towards semi-natural
paature and heath.

Burning

Burning is very effective in preventing the regeneration or
colonisation of tree and scrub species and it also limits the rate
of build up of plant litter at the soil surface, though there are
conflicting views on the scale of loss of nutrients from the
soil-plant system that is brought about by leaching or windblow
from the burnt litter. However, the thinning of surface peaty humus
through burning may alsc reduce natural tendencies to an increase in
surface moisture and more rapid acidification of so0il that can
follow a build up of a peaty organic horizon at a soil surface.
Excessive burning, or heavy stocking with sheep on a burnt heathy
moor, will cause a rapid weakening of heather in favour of moorland
grasses. Burning is also applied to some types of grass moor, for
example Molinia communities are Dburned- to control litter
accumulation and prevent the growth of the large tussocks this
grass forms. In 10 study areas burning had occurred sufficiently
recently to be obvious at recorded sites, affecting some 6% of
these. Only in Monyash and Ysbyty Ystwyth was no previous burning
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gnot.ed at any recorded sites, in the former because no appropriate
vegetation occurs there, in the latter for no certain reason,

although possible risk to forestry plantations could be a limiting

:fact.or to the use of fire. The highest proportion of sites with
fevidence of burning occurred in Bransdale, followed by Lunedale,
' Shap and Ystradgynlais. In the first two of these areas burning is
'an essential toocl in management of the wmoors for grouse. The
“majority of affected sites were, as was to be expected, shrubby
' heaths (72% of the sites with evidence of burning were in this
fvegetation group) with most of the remainder (23%) being grassy

. heaths and the balance (5%) rough pastures.

4.59

Grazing

Wild animals, mainly hares, rabbits and small mammals graze upland
vegetation but their overall effect is generally insignificant in
comparison with that of domestic stock though rabbits where
abundant can locally graze out the vegetation, Cattle and sheep
occupy the place that large wild herbivores would in a natural
ecosystem. Some stock species graze more selectively than others,
depending upon the season, their age <¢lasses, and the relative
attractiveness of different plant species to them, sheep being more
selective than cattle. Selectivity in grazing will tend to increase
when overall grazing pressure is low, and this eventually leads to
dominance of the coarser less palatable grasses and dwarf shrubs.
Conversely species of prostrate or rosette form, such as clover and
plantains, can be favoured by high grazing pressuresa, and coarser
species weakened. In such conditions grazing is unselective because
stock are forced to eat whatever is avallable so that taller, less
nutritionally attractive species must be eaten rather than ignored.
Grazing pressure is also important in determining the quantity of
vegetation consumed by stock and therefore the way in which plant
nutrients are returned to the soil in dung and urine, so that the
nutrieént cycle is affected by the grazing element in the ecosystem.
This indirect influence of grazing acting through the soil on
succeeding vegetation is probably an effect of similar significance
to the direct defoliation of plant species in a community. It is
particularly through this nutrient cycling effect that mowing, an

‘unselective procedure generally involving the removal of nutrients

in the mowed material, produces a different effect than grazing
when applied to vegetation, although both involve defoliation.
Mowing however is now rare in the uplands, other than on improved
grasslands. Changes in the type of stock grazing in the uplands
also affect vegetation. For example at the start of this century
large numbers of wether sheep (sheep over 2 years old being kept
for meat) were maintained on the hills to supply a demand for
mutton. Public tastes in meat ochanged and mutton became less
popular, being superseded by lamb from animals one year olid or
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less, to the extent that today wethers have all but disappeared.
Contemporary flocks are largely composed of breeding ewes and
yearlings which graze more selectively, making a greater demand on
pasture than wethers did formerly. This has resulted in an
increased pressaure on succulent species of grasses and herbs and an
increased opportunity for coarser species to spread. The grazing
Season has also changed. The less hardy flocks of today are largely
withdrawn to the shelter of lower ground for the winter, s0 that
the hill grazing season is now confined to part of the year,
whereas in the past large numbers of wethers remained on the higher
ground throughout the year giving an unbroken grazing period. In
modifying grazing management in accord with modern farming
practice, a key factor is increased control on the use of grazing.
This control can require new, or renovated, fencing of tracts of
upland, a feature which in itself can affect the appearance of the
upland landscape as substantially as do the changes in vegetation
brought about by the grazing modification.

Drainage

Soil drainage is necessary at an early stage in improvement schemes
on poorly drained soils which remain saturated with water at
shallow depths in the soil profile or which restrict surface water
penetration. In such situations, on mineral soils at wmoderate
altitudes the semi-natural vegetation (which may for example be
rough pastures of classes 5 and 6, Agrostis/Juncus and

Festuca/Juncus grassland) is usually rich in rushes and sedges and

in species of coarser grasses and herbs tolerant of soil
waterlosgihg. These communities can be important elements in
landscape variety and wildlife conservation. The effects of
drainage on such communities in the absence of sustained grazing
management can lead relatively quickly to dominance by dwarf shrubs
or scrub, particularly if these were already a component of local
vegetation. Surface ditches, often the simplest drainage method
adopted where heavy expenditure is not justified; lower the water
table in their vicinity and contribute to a general drying of
surface soil horizons, encouraging a shift away from species which
tolerate waterlogging. More intensive sub-surface drainage schemes
are usually allied to substantial cultivation and reseeding, so
that their effect becomes part of a pattern of direct change rather
than a factor in the gradual modification of vegetation.
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The use of nerbicides

Herbicides have been used in recent years on an increasing scale to
modify upland vegetation. Of the wide range now available those
most used in the uplands are highly selective in their action
(affecting, for example, essentially bracken only, or gorse only)
and thus they can alter the species composition of vegetation. An

example is asulam (methyl 4 aminobenzene sulphonyl carbamate) which
has been used to control bracken over extensive areas in wupland
Britain (see eg Horrill, Dale and Thomson 1978). Asulam is very
effective in producing almost total kill of bracken if used under
optimum conditions with prescribed subsequent grazing management. In
upland situations, where the need is to treat large areas of land,
application is most effective by aerial spraying. This method of
application tends to be indiscriminate so that non-target plant
communities can often be sprayed by accident or as the result of
spray drift. Because asulam.is selective, its effect may be less
isignificant where it arrives inadvertently than other less specific
herbicides could be. Modifying the 3species composition of plant
communities by the use of herbicides can result in conspicuous
change in the landscape. Secondary effects could alsc be locally
damaging from this point of view since modification of plant
communities over large areas by killing off major components of the
ground cover, followed typically by a planned increase in grazing
pressure, can initiate soil erosion, particularly on steep slopes.
However, increasing costs of materials and of the means of applying
them may limit or eliminate continuing extensive use of herbicides
in the uplands other than on the moat productive farmlands.

The application of lime and fertilisers

Addition of lime and fertilisers to potentially improvable soils is
general. Acidity of the soil is often a most important factor which
limits the agricultural exploitation of hill and upland land by
preventing the growth of plants of higher productivity and
nutritive value (the associations between vegetation and soil
acidity are discussed in Chapter 5). Scil acidity is not only a
critical control on the plant species that can grow on a soil but
it is also of prime importance to the soil ecosystem through its
effects on soil micro-flora and fauna. These in turn control the
rate of decomposition of organic matter and therefore ‘the rate of
nutrient cycling between soil, plant and animal components of an
ecosystem. Surface spreading of lime in some form is the means by
which soil acidity is amended. Though liming is often part of a
comprehensive cultivation-fertilisation-reseeding direct change
package, it can be wused independently of such more costly
procedures where the land physiography makes access practicable.
Plant nutrients - nitrogen, phosphorus and potassium, especially
the first two, are also often limiting to competitive growth of
some species and to overall production but their expense is such
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that they are not generally applied except again as part of a
concerted direct change package. In some cases a broadcast seed
application to speed up species change can follow fertiliser
application (Davies 1980). Trace element deficiencies, such as of
copper or molybdenum, rarely 1limit the growth of semi-natural
vegetation but can be important to the health of grazing stock on

soils of parent materials in which these elements are particularly
low.,

CONCLUSION

The factors which control the distribution of vegetation, and which
decide whether the balance of plant species is stable or is
changing, are those of land character and of land-use and
management. The land character sets general limits to the potential
range of natural and semi-natural vegetation. Analysis of
physiographic, climatic and topographic features through the study
areas provides a framework for comparison of land within and
between them. Lunedale and Alwinton contain the most 'hill' land,
followed by Shap, Ysbyty Ystwyth and Ystradgynlais, then
Heptonsatall and Bransdale, with the remaining areas containing
mainly the potentially or actually more productive ‘'upland' and
‘upland margin' land types.

Within the limits set by environment, past land-use has created the
general pattern of vegetation that can be maintained or meodified by
current management praciices. The present vegetation often reflects
past interaction between man and environment, much of the moorland
being the result of early c¢learance of woodland, followed by
centuries of grazing and burning. More rapid changes have occurred
locally in the last 100 years or 3o through industrial
developments, afforestation and intensive agriculture. Much of the
change of vegetation over the last 200 years has resulted from
changes in land~-use in sectors identified as the ‘'moorland fringe’',
which represents about 11% of the total area. Within the fringe
about 70% of the change in land-use is development of moorland by
afforestation or expansion of intensive agriculture. The remaining
30% of the fringe is land abandoned after a period in intensive
agriculture that has been reverting towards moorland.

Burning and grazing are major contemporary management practices
which affect less intensively used vegetation. Burning, particularly
of heather moor, was recorded at sites in all areas except Monyash
and Ysbyty Ystwyth, most of the burned sites being shrubby heaths
and almost all the remainder grassy heaths. Sheep and cattle
influence upland vegetation through different intensities and
selectivities in grazing and through their impact on plant nutrient

cycling. Changes in stock type as well as numbers can alter the
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- effects of grazing, for example a decline in numbers of wether sheep

this century 1is considered to have resulted in reduced grazing of
coarser, less palatable vegetation. Drainage, and the application
of lime, fertilisers and herbicides also modify vegetation, both in

. the short term and over at least decades through residual effects.

Potential for change is built into ‘the structure of a plant
community. This change may be of species proportion or location

~Within an otherwise stable and persistent community, or may involve

&8 broader alteration in the balance of species, moving the
vegetation from one class to another. Management factors, or an
adjustment in some naturally occurring control mechanism, will

~cause the vegetation to respond and change to produce a revised

balance of species appropriate to the changed circumstances. The
changes resulting from management practices may be short term and
obvious, but treatments which alter soil conditions can have

;reaidual effects over long periods of time, especially where soil
acidity or nutrient status have been significantly altered.
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5 POTENTIAL FOR VEGETATION CHANGE

INTRGDUCTLON

Having defines tne main classes of vegetation in the study areas,
descrived the land cnaracter and land-use nhistory of these areas,
ana outlined the management factors that influence tne pattern of
vegetation and its gradual change, the next consideration is tne
way in which the vegetation classes are associated with their
coutrolling factors. From these associations the most likely trends
in gradual change from a particular starting point in particular
conditions can be suggested. None of the available approaches are
entirely definitive for eacn possible individual case but each
provides insights into directions and, to a lesser extent, rates of
vegetation change. The procedure foliowed in this chapter is to
take the following aspects in turn:

i. Associations oetween vegetation and land characteristics in
the study areas indicate tne classes of vegetation which are
occurring in particular environments and thus suggest the
potential for, or probapility of, change from or to particular
vegetation classes in sucn environments (5.9-5.39).

ii. A summary of the ecological requirements of key plant species
and communities enables us to indicate how the species and
communities that occur in the study areas are likely to
respond to particular management procedures tnat bring about
gradual change (5.40-5,48).

iii. Because controlled management experiments are the only direct
method of determining vegetation change, results from the
availavle limited number of long term experiments are related
to the classes of grassland-moorland vegetation identified in
the study areas (5.49-5,62).

iv. Historical evidence allows sectors in the study areas to be
distinguished in which management changed between moorland
and farmland during a known period. Examination of the
vegetation at sites in these sectors provides evidence, in
addition to that from iii., of rates and directions of
gradual vegetation change (5.63-5.74).
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To assess Lhe range of vegetation which now occurs under specific
environmental conditions, and the converse, the range of conditions
within which a particular vegetation class now typically occurs,
two methods have been adopted. First, the sites at which vegetation
has been recorded are in effect sample 'points' in the grid squares
which have been classified in terms of land types. [he association
between land type of the grid square and vegetation class at a site
within a square can therefore be considered. Second, land
characteristics recorded from maps and in the field for the mapped
'point' locations at which vegetation was recorded allow vegetation
class associations with individual land and soil characteristics of
the sites to be explored.

The associations between vegetation and land character indicate
probabilities of occurrence and the likely range of potential
occurrence of vegetation in other specified situations within the
Study areas, and more widely in the uplands. Clearly, although in
general the probability of occurrence of a vegetation class may be
correctly assessed, individual situations can differ from the
generalisation when additional 1local factors assume importance.
However, the wide sampling on which the general correlations are
based gives a standard pattern against which other situations can
be compared. The associations are presented as tables giving the
percentage frequency of each vegetation group or class in
particular situations. In this chapter, the vegetation classes
within groups are arranged in the tables in a simple numerical
order of their class reference numbers rather than in the
ecological order in which they were placed in Chapter 3 and
Appendix 5y since the former course makes both preparation and
reading of the tables more convenient.

From these tables it is possiole to predict the expected range of
vegetation that may occur at sites of particular characteristics or
in areas of particular land types. The actual vegetation at a site
can be compared with the probabilities of occurrence suggested by
the study area data. It is possible then to 8ee whether the
observed vegetation is typical or uncommon in relation to the
general pattern. If a vegetation class occurs which 1is uncommon in
a particular situation this could be an important aspect in
management considerations. Perhaps the main concern might be to
maintain or increase diversity of the vegetation classes in a
landscape, in which case conservation of an infrequent vegetation
tlass would have priority. Alternatively the management objective
ﬁight be to retain or develop the vegetation most typical of a
hituation, in which case such infrequent occurrences might not
Justify particular attention. Whatever the actual vegetation at a
site, alternative vegetation classes are identified that have been
observed from the study areas to occur widely in the specifie
conditions. Thus potential for change may be broadly assessed as
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likely to lead to one of the frequently occurring classes that nave
peen jdentified, through the association tables, from tne 3ite
factors at a location. As a qualification to this there are two
possibilities, both with some truth, that affect the interpretation
of potential for <change between classes from the associations
found. It could well be that, for example, grassy heaths and rough
pastures do occur in particular situations which allow ready change
between them through gradual management modifications. However, it
could also be that although they voth occur within a particular
land type, they may occupy sites which are sharply coatrasting in
some factor unconsidered in the association tables. Because grassy
heaths may be dominant and rough pastures suvordinate in a given
category of situation, it cannot be certainly inferred that the
minority vegetation is more likely to change to conform with the
majority. Some other local factor, of geology or soils perhaps, may
serve to hold the rough pastures in a stable vegetation state under

.Virtually any minor cnange of management. Because of this the broad

assessments of change made subsequently have to be accepted only as
general probabilities, and not certainties, for any individual
gituation.

Given an understanding of the broad relationships between
vegetation and site, and of the probabilities and potential for
occurrence of particular vegetation in a specified situation, what
are the modifications required to achieve vegetation change in any
direction? Management methods which encourage or -discourage Key
species are considered, and so far as possible from the limited
information available for the results of gradual change, the rates
of probable changes are assessed.

Considerations of the principles of how plant species respond, and
at what rate, to imposed management are again simply guidelines to
a likely outcome in a real situation. It is only through controlled
management experiments that one could be certain of the directions
and rates of change with which a particular type of vegetation has
responded in each possible combination of circumstances. Such
experiments <ould not be set up within the remit of the study, but
a small number of relevant trials already existed elsewhere in the
uplands. These experimental areas, located from responses to a
questionnaire, were visited, and the vegetation in them was related-
to that of the study are.s to provide some direct evidence of rates
and directions of change I'rom particular situations.

Historical evidence, particularly the reccgnition of parts of the
moorland fringe where agricultural improvement has been abandoned,
provides a form of management experiment in which a broadly
identified change in land-use (farmland to or from moorland)
occurred within a broadly known period in time. Although there 1is
no precise information on the situation when cultivation ceased, or
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on subsequent management, it is possiole from examination of
vegetation at a selection of sites in the study areas to suggest
some estimates of the rates at which some form of improved pasture
vegetation nas reverted to different classes of moorland vegetation.

|

In Part II, in which individual area accounts are given,
predictions are made of the possible change in vegetation classes
at the recorded main sites that could follow the application of the
general ecological principles of change that have been identified.
These trends of cnange resulting from agricultural intensification
or decline are summarised in the (inal section of this chapter.
Speculations about vegetation changes that could result from
‘assumptions of the potential of land types for agricultural or
‘forestry expansion are also considered and compared with the
predictions based on ecological <courses of <change Dbetween
vegetation classes.

VEGETATION-LAND ASSOCIATIONS

Vegetation classes and land types

.To what extent does upland land character determine the classes of

vegetation which occur? Table 5=1 indicates, from the
frequency of different vegetation groups at recorded sites in each
land group, that within the study areas, hill land vegetation is

.dominated by heaths, mainly shrubby heaths, upland land has a wide

spread of vegetation classes in c¢omparable amounts, and upland

imargin land contains only small proportions of heath vegetation,
‘reflecting its more favourable climatic and physiographic

situation. Shrubby heaths can be developed in marginal upland in
particular situations but currently they occur on only 11% of the
sites sampled in this land group.

This broad (and familiar) pattern shows the combined effects of
environment‘?gd management on vegetation. However, in more detailed
(Tables 5-2a and b) of the overall relationships

vegetation varies within this general trend. The patterns within
the 3 land groups can be summarised as follows.

The hill land group supports negligible improved pastures, and its
rough pastures are principally Festuca/Agrostis grassland (class 8)

~which, with Festuca/Juncus grassland (class 6), occurs mainly on
' the steep hill land type. Grassy heaths of the steep hill are
‘mainly Festuca/Vaccinium (class 14), and Festuca/Nardus/Molinia

(class 16) and their association suggests that they could develop
from the grasslands (classes 8 and 6) under appropriate management.
The commonest shrubby heath c¢lass is Nardus/Sphagnum/Calluna
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TABLE 5-1 VEGETATION AND LAND GROUPS

Total Vegetation Land Group

Sites
Vegetation G
ge n Lroup (% in each Hill Upland 3211."1‘::

Vegetation Group) &
Improved Pastures 27 1 36 48
Rough Pastures 17 7 20 28
Grassy Heaths 23 29 23 13
Shrubby Heaths a3 63 21 11
Percentage of Vegetmtion 100 34 46 20

Sites in each Land Group

Data as percentage of sites in a land group that are classified in
each vegetation group




TABLE 5-2a VEGETATION CLASSES AND LAND TYPES

Vegetation Class

Land Type Improved Pastures Rough Pastures Gragsy BHeaths Shrubby Heaths

1 2 3 4 5 6 7 8 14 15 16 ] 10 11 12 13
Steep Hill 3 10 17 ] 17 4 10 17 9 4
Hill 3 8 6 g 1 8 30 31 4
High Plateau 1 1 1 1 3 10 5 6 ) 18 43 2
Steep Upland 1 2 6 10 3 6 14 17 5 20 1 8 1 3 3

®

Upland 2 8 2 32 9 4 7 5 ] 1 3 5 s 2 5 7
Upland Plateau 3 20 4 24 3 3 4 8 1 3 3 10 6 5 3
Upland Margin 7 ] 8 23 6 2 8 12 € 1 6 1 3 3 2 2

Data as percentage of sites in a land type that are classified in each vegetation class




TABLE 5-2b VEGETATION CLASSES AND LAND TYPES

Vegetation Class

Improved Pastures Rough Pastures Grassy Heaths Shrubby Heaths
Land Type 1 2 3 4 5 8 7 8 14 15 16 9 10 11 12 13
Steep Hill 13 ‘13 19 26 20 29 18 21 8 12
Hill 5 13 23 14 7 18 47 40 15
High Platesu s 3 5 3 2 8 12 6 10 15 31 6
Steep Upland 5 5 28 12 23 24 32 29 24 a5 7 18 2 4 15 @
Upland 10 18 8 30 52 23 24 8 6 3 5 29 10 2 6 30
Upland Plateau 18 50 17 26 18 13 8 13 6 6 21 22 9 6 8
Upland Margin 62 27 48 3z 48 18 36 32 12 . 6 14 7 6 4 5 13

Data &g percentage of sites in & vegetation class that are situated in each land type




5.13

5.14

100

:(class 11). The vegetation range of the steep hill land type

‘includes a larger number of frequently occurring vegetation classes

than is the case with hill and high plateau, giving a greater
vegetational diversity to this land type. In the hill and high
plateau types, shrubby heaths of class 11 (Nardus/Sphagnum/Calluna)

~and c¢lass 12 (Calluna) are dominant. Both these, are typical peat

bog vegetations in wnich the likelihood of marked vegetation change
by simple management modifications is low.

In the upland land group the range of vegetation classes that occur
frequently is greater than on hill land. All the vegetation classes

roccur in the upland land type, and only Agrostis/Juncus grassland

(class 5) was not recorded in the steep upland and upland plateau
types. Improved pastures are mainly the better Lolium classes
(classes 2 and 4), and prough pastures tend to be dominated by
Festuca/Agrostis grassland (class 8). The latter, as in the hill

; land, is associated with grassy heaths (classes 14 and 16) on the

steeper sectors. Upland margin also contains a wide spectrum of the
vegetation classes but because of its greater potential for

agriculture this land type nas become dominated by improved pastures
and rough pastures.

Interpretation of these association tables in terms of courses of
change must, as noted previously (5.3-5.4), be made with caution
but they do display a clear relationship between the present
frequency of vegetation classes and land character. With further

‘information on the relationship of vegetation to particular site
‘ factors (5.20), the most likely options for a first assessment of

possible trends of vegetation change at a particular site can be
inferred.

The frequency of vegetation classes in land types in any particular

‘area reflects local factors acting over the broad environmental

constraints. In Part 1I, tables and sketch maps show the
relationship between vegetation class or group and land type or
group for each area. Figure 5.1 shows the contrast in the
occurrence of vegetation groups in each land group for four atudy

rareas, chosen simply to cover the geographic range of the 12 areas.

There is seen to be a general similarity of vegetation frequency
through the different areas but some clear deviations from the
average. In the hill group, for example, Llanfachreth has a higher
proportion of heath vegetation and a lower proportion of rough

'pasture than Alwinton. The degree of agricultural improvement in
‘the upland land groups is greater in Shap and Widecombe than in

Alwinton and Llanfachreth, apparently mainly at the expense of the

extent of grassy heaths. Data for the marginal upland type indicate
a lower extent of improved pastures in Llanfachreth_ than in other

areas.
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FIGURE 5.1 FREQUENCY OF VEGETATION GROUPS IN LAND GROUPS
IN FOUR STUDY AREAS,

HILL UPLAND  MARGIN TOTAL
ALWINTON |
N
SHAP
LLANFACHRETH
WIDECOMBE

Shrubby TE™ Improved
Heaths 4 a ' Pastures
Fi
Crassy Rough
Heaths Pastures

% Sample numbers low in these categories
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Some study areas other than those used in Figure - show
! substantial 1local variations in individual vegetation categories.
For example, T74% of the vegetation sites in the hill sector of
Bransdale are in the shrubby heath group, while, in the hill sector
of Lynton, only 15% of the contained vegetation sites are shrubby

. heaths, but 70% are grassy heaths. Again only 27% of sites in the

upland margin sector of Bransdale are improved pastures and 63%
heaths, while sites in the upland margin sector of Lynton are 70%
improved pastures. Land management in response to local historic

i and other environmental factors has directed the trends of

vegetation change differently in physiographically similar land in
these 2 areas, with more intensive agricultural development over
recent years in Lynton. In terms of potential for cnange and the

. degree to which such potential has been achieved, there is clearly
" scope for further consideration of these and other contrasts in

relation to more detailed analysis of the character, history and
current farming pattern of different areas.

Vegetation and rainfall

: Climate, like geology and landform, is a principal soil-forming
. factor. As well as having indireet effects on plants through

¢limatic controls on soil formation and properties, climate also
acts directly on plant performance througn water and energy supply,
through direct effects of low and high temperatures and through the
physical effects of wind. Within the range of upland character in
the study areas, which do not extend to the most montane sector of
the British uplands, it is probable that direct climatic effects

have a greater influence on the productivity of a vegetation type

than on its actual existence. The availability of prainfall data at

a reasonably detailed scale (Meteorological Office 1977) gives an

opportunity . to see how strongly the present vegetation class
occurrence 1s associated with rainfall alone, or with rainfall
phases of land types.

Table 5-3 shows associations between three rainfall zones and the
vegetation groups and classes. High rainfall sectors, as a whole,
have an expected lower frequency of improved pastures and a notably
high proportion of grassy heaths. Of the imphoved pastures,
class 1, and to a lesser extent class 3, occur more often at high
rainfall than do classes 2 and 4. Among the rough pastures,
Agrostis/Juncus grassland (class 5) is infrequent at low to
moderate rainfalls. Of the grassy heaths, the species-rich
Festuca/Nardus/Molinia neath ({(class 16) is strongly biased to
occurrence at high rainfall locations, while in the shrubby heaths,
the Vaccinium/Calluna heath {(class 10) nas a 1low to moderate
rainfall emphasis.
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TABLE 5-3 VEGETATION GROUPS AND CLASSES AND RAINFALL ZONES

a) Vegetation Groups b) Vegetation Classes

Rainfall Zone

Z infal
Vegetation Vegetation Rainfall Zoze

Group Low-moderate Fairly High  High Class Low-Moderate Fairly High  High
Improved .
I d : 3
Pastures 3R 50 12 P:::z::s 1 29 3 38
2 46 47 (i
3 46 21
Rough . 33
Pastures 35 az 33 4 35 58 7
Graasy Rough 5 4 48 48
. Heaths 28 12 60 Pastures 6 32 32 36 .
o
7 32 38 30 w
Shruhby
Heaths 21 33 46 8 48 25 27
Grassy 14 35 18 47
Heaths 15 38 12 . 50
16 18 7 75
Data as percentage of sites in a vegetation _,'Shrubby: 9 46 54
category in each rainfall zone ‘ _ Heaths 10 48 38 14
11 17 9 74
12 15 37 48
13 62 . 38
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‘Pursuing rainfall correlations further, each land type ca be
' subdivided into rainfall phases (see Table 4-d). Table 5-4a gives

the frequency of occurrence of each vegetation class in rainfall
phases of land types. With a large number of land/rainfall
categories, the numoer of vegetation sites in a category can be
very low, making percentage frequencies deceptive, so that actual
frequencies are used in this Table. Table 5-4b gives for each
rainfall phase of a land type those vegetation classes that occur
frequently (defined as classes occupying more than 10% of the sites

~which fall in that rainfall/land category).

The patterns of distribution 1in Tables 5-3 and 5-4 show the
importance of rainfall as a factor influencing vegetation. This

influence particularly operates through affecting so0il moisture
levels, by increasing the leaching of so0il nutrients, and, because
of general altitudinal correlation with higher rainfall and lower
temperatures, the accumulation of peaty organic mattter at the soil

- surface. The assocliations bpetween ralnfall and vegetation can give
t another guide to the likely vegetation which might develop in a
particular area. For example, bearing in mind the cautionary note

in 5.4, with its implication that rough pastures might only have
persisted in aites where poor so0il drainage made them inappropriate
to easy creation of improved pastures, under high rainfall the most
frequent improved pastures, which are mainly
Lolium/Holcus/Pteridium (class 1} and Lolium/Trifolium (class 3)
might if abandoned tend to regress towards Agrostis/Juncus
(elass 5) and Festuca/Juncus (class 6) rough pastures, these being

i the most frequent rough pasture classes now occurring under high
; rainfall. Further regression could be towards grassy heaths, and
- perhaps particularly to Festuca/Nardus/Molinia heath {class 16) on

the basis of its high frequency in wet areas. Two of the dominant
shrubby heaths in high rainfall areas (classes 11 and 12} would
develop only after a long time, on sites suitable for peat
formation to occur. Although the tables can be used in such ways to
infer possible directions of vegetation change, interpretétions of

- this sort must be tempered with an understanding of the ecology of
. each vegetation community in relation to specific site
. characteristics,

Vegetation and site land characteristics

The association tables presented so far in this chapter show the
frequencies with which vegetation c¢lasses occur in different land
sectors of the study areas. They can be used to assess the broad

: probabilities of occurrence of vegetation in other upland areas for
% which a land analysis based on map data for grid squares has been

carried out. Such an analysis for an area is relatively lengthy. An
alternative assessment of the 1likely vegetation options at
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TABLE 5-4a VEGETATiON CLASSES AND RAINFALL PHASES OF LAND TYPES

Land Type
Steep Hili Hi1l High Plateay S8teep Upland Upland Upland Plsteau Uplapd Margin
Vegetation
Class *1n [4Y b 1m fh h im fh h 1im fh b 1n fh h im fh h im fh b
Improved 1 1 1 1 1 1 1 1 2 1 4 1 ]
Pastures
2 2 1 5 [ 17 11 4 8 3
3 1 3 1 1 1 3 5 2 1 -] 5 5
4 1 1 1 4 13 4 7 30 1 17 18 18 13 5
Rough 5 1 1 2 10 1 1 1 [
Pastures
] 1 2 1 2 2 - 2 1 1 1 1 3
7 1 2 1 5 4 6 3 2 3 5 5
8 10 2 1 2 2 1 13 2 8 2 3 4 4 4 4 'l
Grassy 14 6 4 7 1 11 2 5 10 4 12 2 4 [ 4 5 5 ]
Heaths = ;
15 6 1 3 3 1 6 1 3 3 1 2 1 1 1 PR i
16 1 19 4 1 10 4 3 2 21 2 2 3 2 2 1 8
Shrubby ] 1 1 3 1 1 1 3 1 1 3
Heaths
10 2 3 3 2 4 2 2 11 [ ] 2 6 9 1 10 2 &
11 5 1 12 4 34 1 1 11 1 2 2 1 4 3 ]
12 4 1 4 7 ] 27 3 13 17 1 1 1 [} 7 1 3 c
13 2 1 1 3 2 1 5 11 3 2 3

Data me number of occurrencems of each vegetation e¢lass in e rainfall phase

» Rainfsll phases: 1m, low to moderate, 889 or 1092 mx p.a, average, mean value of dominant rainfall range in grid square
(see 4.18-19) fh, fairly high, 1397 mm p.a. Rverage, mean value of dominant rainfall range in grid square
h, high, 1905 or 2667 mm p.&. @verige, mean value of dominant rainfall range in grid square




TABLE 5-4b VEGETATION CLASSES AND RAINFALL PHASES OF LAND TYPES
Land Type
Stesp High Eteep Upland ¥pland
Hill PLE
Vegotation Hi11 Plateau Upland Upland Plateay Margin
Clase “iwl th n im fth B 1t fn b im th h o fn h  Im fh h 1x f& h
Improved 1 .
Pastures
2 » Y - »
3 *
4 * * * [ L L] * »
Rough 5 » * *
Pastures
2]
7 » »
B » * L * »
Gragsy 14 * » L] ] - - - * * - Ll
E o]
eaths &
15 * »
16 * » » * - N
Shrubby ) e =
Heaths
10 L] * » » L] »
11 * E - L] * -
12 * » » E ] » » » »
13 * .

Data s *, categories in which > 10% of siter in a rainfall phase sre in the vegetmtion class

1 Reinfell phases: low-moderate, fairly high, high, as in Table 5-6a
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particular sites can be got by considering the relationships
between vegetation c¢lasses identified at recorded sites in the
study areas and land characteristics at those sites. These
characteristics can be determined either from maps (5.21) or field
cbservations (5.26).

Map data

A limited number of physiographic and topographic characteristiecs,
determined as ranges, rather than exact values (Appendix 9, 1-22)
were determined from 1:25 000 O3S maps for each vegetation main site
in the study areas. The associations between vegetation and site
land characteristics can be considered from 2 viewpoints. At sites
with a particular 1land characteristic {eg sites of altitude
122-243 m, or sites which are outside field boundaries), what is
the frequency with which each vegetation c¢lass occurs (Table 5-5a)7?
Alternatively, for a vegetation group or class, what ranges of land
characteristics does it ocecur in and with what frequencies
(Table 5-5b)}? It is as well to be clear what these tables are
saying. Improved pasture class 1, for example, has 52% of its sites
between 122 and 243 m altitude (Table 5-5b). However, considering
which vegetation clasases were recorded at sites sampled in this
altitude range, only 8% of such sites carried this vegetation class
(Table 5-5a). Within the sites recorded the class then is strongly
biased towards occurrence in this altitude range, but, in this
range, it is only one of a large number of alternative vegetation
classes of similar frequency of occurrence. Most individual land
characteristics are seen to permit a wide and often the entire
range of vegetation classes to occur with reasonable frequency. In
some situations the recorded sites are concentrated in a few
classes only, as for example on steep slope sites. From these
tables it can be seen  that improved pasture class 4 (herb-rich
Lolium grassland) and shrubby heath class 12 (Eriophorum-Calluna
heath) typify the opposite extremes of the environmental and
vegetation spectra covered. The former is dominantly a moderate
altitude, gentle slope product of intensive management; the latter
a high altitude vegetation, relatively remotely situated in relation
to settlement features, and under minimal exploitation and
management intensity. This conforms with the ecological arrangement
of vegetation classes set out in Chapter 3 (3.12 and 3.18).

Tables 5-5a and b display a number of general trends and, although
many of the land characteristics are themselves interrelated some
distinctions can be made. Figure 5-2 drawn from these tables shows
the main relationship of vegetation groups to altitude zones.
Ignoring the lowest height range which contalns only 2 sites, there
is a broad altitudinal band (123-335 m) with predominantly an
‘upland' range of vegetation, dominated by improved pastures. Above




TARBLE S5-5pg VEGETATION CLASSEE AND SITE LAND CHARACTERISTICS
Vegetation Class
Inproved Rough . _._. _Grassy T,
e . .. Luproy .
tand Characteristic Range at Site Pagtures Pastures Beaths hrubby Heaths
1 2 3 4 5 6 7T 8 14 15 18 10 11 12z 13
Altitude Range <122 m (<400 _1t) 50 80
) 122-243 » (401-800 ft) 8 6 8 23 8 2 8 8 2 [ 4 2
244-335 w  (801-1100 ft) 2 9 7T 23 3 3 9 16 3 7 3 3
336-426 m  (1101-1400 ft) 1 7 12 3 9 11 4 10 3 10 10 11 7
427-609 m  (14D1-2000.1%) 1 4 10 5 11 1 & 25 34 3
>608 m (>2000 ft) 8 8 15 8 15 48
Slope Class 0- 5° 2 8 2 20 3 3 2 7 4 1 & 11 1 2
s-11° 2 5 5 18 2 2 s B 9 11 2 5 11 11 4
12-22° i 5 3 6 1 3 7 8 14 17 1 e 7 3 8
>22° 3 5 3 20 27 12 10 10 5 5 —
o
]
Location with respect near {<0.25 kn) 4 10 6 23 3 6 ¢ g 2 3
to Mapped Road
o ¥apped Roads moderste  (0.25-0.5 km) 1 3 2 12 2 3 4 12 s o 12 2 o 6 7
distant (>0.5 kx) 1 2 1 3 12 4 10 1 8 25 31
Loc¢cation with respect near (<0,.25 km) 4 13 g 31 ] 3 8 8 3 [} 1 2 1 2
resat Mapped
;:uﬁz‘ ® P moderate  (0.25-0.5 km) 5§ 7 3 21 3 2 5 @ s 2 11 7 5 3 8
distant (>0.5 km) a1 4 2 2 6 12 8 11 2 10 17 20 3
Locstion with respect to Inside 4 12 7 31 & 2 8 9 5 1 8 1 1 3 1 2
Mapped Field Bounderies g, .44e 101 1 z 1 1 14 6 10 2 12 17 21§

Dats aB percentage of sites in a land charecteristic range falling in each vegetation class

Rounding up of percentages prevenis totals in groups necessarily equalling figures in Table 5-7a
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TABLE 5-5b VEGETATION CLASSES AND SITE LAND CHARACTERISTICS
Vegetation Class
d R
Improve ough Grassy Shrubby Heaths
Land Characteristic Range at Site Pastures Pastures Heaths
1 2 3 4 S 8 K 8 14 15 16 ] 10 11 12 13
Altitude Range <122 m (<400 1t) 1 5
122-243 m (401-800 1t) 52 14 28 20 48 9 24 16 11 € 10 12 5 1 ]
244-335 @ {801-1100 ft) 38 54 71 57 48 50 53 43 37 26 35 21 34 11 6 27
336-426 m  (1101-1400 ft) 10 32 22 4 38 18 28 3z 32 30 63 38 28 2B 49
427-609 m  (1401-2000 7t) 5 11 19 30 24 18 18 53 59 15
>609 m (>2000 f£t) 2 I 6 1 2 6
S5lope Class o- 5° 28 44 20 41 43 41 13 23 24 21 18 28 37 31 48 21
6—11° 52 42 70 53 43 32 55 50 43 35 54 49 37 55 48 46-
12-22o 20 14 10 6 8 18 28 16 22 29 26 23 19 iz 4 27
»>22° 6 o 3 11 11 15 4 7 2 6
=
Location with respect near (<0.25 km) 85 91 90 83 83 58 T8 64 42 24 47 85 43 14 10 50 8
to Mepped Roads moderate  (0.25-0.5 km) 5 9 8 15 12 18 16 26 16 40 21 21 22 11 10 35
distant (>0.5 km) 1o 2 5 23 5 10 35 36 32 14 35 75 BO 15
Location with respect near {<0.25 km) 43 51 60 B3 65 27 47 2B 7 3 15 14 6 3 4 2
;"u::"e“ Mapped moderate  {0.25-0.5 km) sz 21 20 33 32 19 28 28 24 15 26 722 11 6 48
O
distant (>0.5 km) 5 22 20 14 3 54 24 44 68 82 50 78 72 86 80 45
location with respect Inside 80 95 82 87 81 SsC¢ B7? B85 24 12 ag 22 10 13 6 26
to Mapped Fiele Dutside 16 5 8 3 £ 50 13 45 76 8% 61 76 80 87 84 74
Boundaries
i
Deta as percentage of Bites 1r a vegetation class falling in each range of 8 lapd characteristic
{totelled to 1005 for each land charscteristic caiegory, e.g. Altitude Range, Slope (lass}
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FIGURE 5,2 DISTRIBUTION OF VEGETATION GROUPS IN RELATION '
' TO ALTITUDE RANGE \
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this there is a transition zone in which the frequency of improved
pastures decreases sharply and there is a marked increase in

shrubby heaths. Above 426 m the vegetation remains consistently of
'nill' character, dominated by shruoby heaths.

Altitudinally defined sectors are, taking the average situation in
the study areas, closely correlated with topograpnic features such
as the frequency of roads and houses. Looking at topographic
characteristics, 87% of the sites recorded as improved pastures are
seen to lie within 0.25 km of a road and 51% of them within 0.25 km
of a house, compared with 25% and 5% respectively for shrubby
heaths. Man, vegetation, and man's impact on vegetation are here
responding to a fundamental gradient of climate, broadly associated
with altitude.

Within these broad, expected patterns more detailed associations of
vegetation classes with land characteristics can be considered:

i. The improved pastures are developed mainly (more than 80% of
sites) on slopes of less than 119, with Lolium (class 2) and
herb-rich Lolium grasslands (class 4) most strongly
associated with gentle slopes. These grassland classes are
the most intensively managed vegetation (3.11) but they are
not so restricted to low altitudes as are the other improved
pastures, both having over 20% of their sites in the
336-426 m altitude range.

ii. Of the rough pastures, Agrostis/Juncus (class 5) and
Agrostis/Holcus (class 7) swards are more frequent at lower
altitudes and inside field boundaries, but the former is more
frequent on gentle slopes. This could imply a high probability
of interchange with the improved pastures discussed above
(classes 2 and 4), but always in such cases the actual site
conditions must be considered, for example soil drainage
requirements could be too expensive to justify modification in
an improvement programe. Festuca/Agrostis grassland
(class 8), although it does occur on gentle slopes, is the
most frequent of the rough pastures on steep slopes.

iii. Grassy heaths of the Festuca/Vaccinium heath class (class 1i4)
and rough pastures of the Festuca/Agrostis class (class 8)
are the most common vegetation on the steeper slopes,
with a possible interchange between them which could result
from changes in grazing pressure.
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ﬁv. At higher altitudes, shrubby heaths dominate the vegetation

? (Figure 5-3), but it is mainly the Eriophorum/Calluna
(class 12} and Nardus/Sphagnum/Calluna (class 11) heaths
which occur above 427 m, reflecting a decline in the growth
of Calluna with altitude and severe soil wetness. These 2
shrubby heaths are typical of boggy conditions and are
developed mainly on the gentler slopes. Steeper 3slopes at
higher altitudes carry grassy heaths, particularly
Festuca/Nardus/Vaccinjum heath (class 15) and it is probably
these grassy heaths which would be most affected by changes
in grazing pressure.

The availability of land characteristic data for vegetation sites,
which can be taken as an independent set of 'points' within the
squares used for land type analysis, gave an opportunity to assess
the validity of the average values for land characteristics of land
types drawn from grid square averages, as given in Table 4-1. For
those measures taken in the same or a closely similar way, average
values for characteristics of the land types from grid square data
are very strongly correlated with average values of characteristics
at 'point' sites within each land type {correlation coefficient on
86 paired values = +0.975). This atrong correlation provides
support for the use of land types determined on a grid square basis
as an overall means of assessing the general land character of the
study areas or other upland districts, where a district assessment
of 1land and vegetation potential is required, rather than
consideration of a few sites only.

Field data

Field observations provided a limited opportunity to determine the
relationship of soil conditions to vegetation. The few observations
covered soil texture, depth and drainage and were restricted to
minimal notes that would allow répid indications of soil conditions
to be obtained by non-specialists. Additional field measurements
were made of the average slope across the vegetation quadrat.
Associations of vegetation with these site observations are given in
Table 5-6. The field slope associations confirm the relationships
of vegetation and land slope derived from map data (Table 5-5),
although there is a tendency for the actual field-measured slopes
at the recording sites to be rather gentler than was determined for

their location from the broad slope classes drawn from map contour
spacings.




TABLE 5-6

VEGETATION CLABSES AND FIELD BITE AND EOIL CHARACTERISTICS

Vegetation Clesses

Bite Characteristic Improved Rough Graasy
Pastures Pastures Henths Shrubby Heaths
1 2 3 4 5 6 7 8 14 15 18 ¢ 10 11 1z 13
Site Glope o- &° LI T 1 BEE anE L2 > s L L L L T
6_110 ELd ] [ 2] L1 ik *xh EL *x LR 1 *% "k W %
13-22° . e . -
»>22°
Boll Texture Bend or sandy loam L - % P
Loam LT T 1 % = %»
Clay loam EES T TS 3% a0 L1 P
PEItY W *n »E .y ok *n *EE ny s
S04l Depth <20 cm mean ** *% ** % ¥ =% Ll iR *x T
21-50 cm mean E L] LT [T 1 L2 1 ¥ % ET ] L2 L 21] L] wn (1] ' -
»50 cm mean kx bhd € . L1 ek
Sell Dr‘in‘xe gocd ExE xw wEN L2 2] w LE S ] L L] * ¥ % LEJ Yl
good + moderate bl ¥ e LL]
moderate =» x% LL L) %
moderate + poor
poor = (S L] E T
Soil Acidity’ <4.2 s - 34 e T pep
(pH) 4.25-4.7 3 %% EY ) L o =¥
4.75-5.2 LE . 2 e % * -
- 5,25-6,0 s a¥ EL I T T LI IR LT N T T I 1)
>8.0 L L] L2 L] L

Dats a8 percentage of sites in a vegetation class felling in each range of a pite characteristic

[T *50% of cless

in range of site characteriatic

s 26~-50% of class in range of site characterigtic

€1IT
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5.27 Soil texture field notes, assessed from the 'feel' bpetween the

5.28

5.29

fingers of augered soil samples, show that peaty horizons are
prominent in so0oils at sites of rough pasture class 6,
(Festuca/ﬂgrostis grassland) and those of all the heath classes,
dominating at sites of shrubby heaths of classes 11 and 12, the
characteristic classes of boggy moorland.

S0il depth observations were intended to be made by augering to
sub-s0il rock or drift parent material but, in upland soils which
are often very stony, thm auger may often have been able to be
driven only to the depth in a soil profile at which stones became
too concentrated to permit easy penetration, rather than
necessarily to a rock or drift base of the s0il profile. With this
proviso in mind, the peaty soils frequent in rough pasture class 6
are likely to explain the generally 'deeper' soils in this class
compared to other pough pasture classes. Of the he&ths, grassy
heath ciass 16 and shrubby heaths classes 11 and 12 would seem to
have a higher frequency of 'deep' soils than other classes, again
probably due to their proportion of peaty, or poorly drained and
hence typically more weathered and less stony, s0ils. Soil drainage
was assessed by a visual estimate of the relative extent of brown
(for good drainage) or grey (for poor drainage) colours on augered
8011 samples, aided by assessment of so0il structure and stickineass.
So far as these very limited observations go, improved grassland
classes 1 and 2 appear to have more imperfectly drained sites than
do classes 3 and 4, while, as noted above, sites of grassy heath
class 16 and shrubby heath classes 10, 11 and 12 are dominated by
sbils of poor drainage. There is a need for more comprehensive
consideration of the scils and their properties that are associatad

with the different vegetation classes than was possible during the
field work reported here.

Vegetation and soil acidity

The relationship between soil acidity and upland vegetation classes
Justifies attention at greater length. Interactions between soil
conditions and plants involve a wide range of chemical, physical and
biological soil properties. Within this complex of soil properties,
s0il acidity is the most useful single and readily determinable
characteristic (see eg Bache 1979) which shows strong correlations
with the occurrence of vegetation types in the semi-natural upland
environment. Whatever the other soil conditions, soil acidity
levels can make it impossible, or improbable, for particular
vegetation to grow, without substantial soil chemical modification
involving the addition of lime to, or prolonged leaching of lime
from, a 30il profile. Soil acidity is measured on the pH scale (pH
is a wmeasure of hydrogen ion concentration) and in the 1laboratory
is accurately determined on a soil:water suspension using a pH
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meter. pH levels in soils range in Britain between about 3.8 and
8.5 (7.0 being neutrality on the pH scale), with soils above pH 7.0
being, under British conditions, generally calcareous (that is,
with excess lime). Numerically lower pH values mean a higher degree
of acidity. pH values were determined in the laboratory as an
average for the 0-10 cm depth of 4 s0ils at each vegetation
recording point. These values are grouped here into ranges < 4.2,
4.21-4.7, 4.71-5.2, 5.21-6.0, > 6.0. The highest range is typical of
that at which most Britisn agricultural soils are maintained by
liming, the lowest values are characteristic of the least fertile
and most leached moorland soils or of uncultivated shallow soils on
lime-poor, silica-rich rocks.

The distribution of vegetation groups in relation to soil pH is
shown in Table 5-7 and can be summarised as:

i. Improved pastures are found mainly on soils above pH 5.2, u40%
of them being above pH 6.0. Within the improved pastures
there is 1little distinction in pH ranges between classes
except that «class 3 (Lolium/Trifolium grassland) has a
notably lower proportion of sites above pH 6.0 than the other
classes in the group have.

1i. Rough pastures overlap the pH range of the improved pastures
but occur down to lower pH levels, Classes 6 and 8
(Festuca/Juncus and Festuca/Agrostis grasslands) are more
frequent at lower pH ranges than are other classes in this
group.

iii. Grassy heaths have few sites above pH 5.2 and significant
numbers in the lowest pH ranges. Class 14 (Festuca/Vaccinium
heath} has a lower pH emphasis than the other 2 classes.

iv. Shrubby heaths are predominantly on very acid soils with few
sites above pH 4.7. Classes 10 (Vacecinium/Calluna heath) and
especially 12 (Eriophorum/Calluna_ heath) are most strongly
confined to acid soils, class 12 being virtually confined to
soils of pH<Y.2, while classes 9 and 13
(Calluna/Molinia/Vaccinium and Calluna heaths) cover the
widest range in pH in this group.

Taking soil pH as a single factor and ignoring other controls, some
improved pastures could adjust to a rough pasture vegetation
composition with only slight falls in pH, and rough pastures in
turn overlap in the mid-range with some grassy heaths. ‘There is
very little direct overlap between the pH range of rough pastures
and that of shrubby heaths. Considerable time is required to bring
about a sufficient fall in pH by natural leaching for heath shrubs
to do well in most abandoned rough pasture situations (see comment
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TABLE 5-7 VEGETATION CLASSES AND SURFACE SOIL ACIDITY
'VGGQt.tion Soil Acidity, 0 - 10 cm Depth (pH Range)
Class <4.2  4.21-4.7 471 -86.2 5.3l - 6.0 >6.0
Improved 1 10 55 35
| Pastures 2 44 83
| 3 72 20
4 51 44
Rough 5 22 61 13
Pastures 8 s 38 48
7 21 50 26
| 8 4 14 30 37 15
. '
Grasay 14 38 48 12 3
Heaths 15 29 24 23 24
16 16 42 27 14 1
Shrubby ) 14 84 22
Heaths 10 76 23
11 53 40
12 23 4
13 21 41 26 12

As percentage of sites in vegetation class in each pH range
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at the end of 5.37). If neath shrubs can once begin to coleonise
then they start to increase the rate of soil acidification by a

build up of acid humus from the accumulation of their dead leaves

and twigs at the soil surface. In the reverse direction, shrubby

heaths can be altered to grassy heaths without significant

modification of soil pH. Natural fertility improvement through
increased stocking on a grassy heath is not likely to produce a

s30il pH most adapted to rough pasture vegetation without some

application and maintenance of 1lime dressings to the so0il.

Consideration of whether the pH ranges characteristic of the

vegetation groups differ hetween study areas shows few significant

differences. The Welsn study areas have fewer sites with soils of
pH >6.0 among their improved pastures, while shrubby heaths more

often occur in the 4.21-4,7 and 4.71-5.2 pH ranges in the western

and southern study areas (Shap, Llanfachreth, Ystradgynlais, Lynton
and Widecombe) than they do in the eastern and northern areas.

Consistency between study areas was examined using data for a
single vegetation class from each group. In the improved pastures,
class 4 showed no significant difference between study areas in the
s0il pH range it covered; in the rough pastures, class 8, although
overall having a wide range of possible pH, was virtually confined
to so0il pH levels above 5.2 in Bransdale, Ystradgynlais and
Widecombe. Among grassy heaths, class 16 in general also covers a
wide pH range but occurs only below pH range 4.7 in Alwinton and
Lunedale. In the shrubby heaths, class 11 has a small pH range
overall, though in Bransdale there is a relatively higher
occurrence of this class at the higher pH levels in its range.

Before 1leaving this consideration of so0il characteristices in
relation to vegetation as recorded at main sites in the study
areas, it is of interest to plot the total number of sites in each
study area that fall into each pH range (Table 5-8). The relative
ranking of the study areas in terms of overall soil aclidity can be
summarised as: YY,LU,BR and AL have lower overall soil acidity (<)
than HE<SS, LL<YG<GL, WB<LY<MH. This order corresponds reasonably
closely to their ranking in terms of 'hilliness' based on land type
frequency (4.17), 'hilliness' being correlated with lower overall
soil pH, except that Bransdale and Llanfachreth have more generally
acid soils than their position in the ‘'hilliness' ranking might
imply. It also corresponds to the soil pattern (Table 2-3) if
overall soil pH is compared with the general extent in each study
area of soil mapping units dominated by soils with peaty surface
horizons.
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TABLE 5-8 DISTRIBUTION OF pH RANGES AT MAIN SITES IN STUDY AREAS
pH Range i

Study Area

! <4,2 4.21 - 4.7 4.71 f 5.2 5.21 - 6.0 >6.4
Alwinton 44 21 17 15 3
Lunedsle 88 K 9 11 3i
Shap 14 34 20 21 11
Bransdale 55 18 7 13 7
neptontnll 51 13 5 14 17%
Monyash 8 38 53;
Llanfachreth 22 25 22 23 8
Ylbyty‘Ystwyth 47 32 8 9 4
Glascwm 14 15 13 39 19 |
Ystradgynlais 15 23 14 37 11
Lynton 8 14 6 49 25 |
Wldeco;be . 23 20 37 15!
Total 29 20 13 25 13

(12 Study Areas)

Data as percentage of main sites in a study area in each pH range
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Application of vegetation-land associations

Consideration of the relationships between vegetation and land
characteristics has shown the range of vegetation which occurs at
recorded sites with particular environmental conditions. The
presence of different vegetation c¢lasses in the same general
environmen{ may be due to contrasts in soil or other local factors
but can imply that they result from different management practices
and are therefore interchangeable by management. With caution in
considering ecological factors, potential directions of change can
be suggested by the frequencies with which c¢lasses occur, as has
been discussed earlier (5.4). Information from sites recorded in the
study areas can be used to infer the range of vegetation which
could most readily occur in other sites, either within the study
areas or in comparable upland conditions.

For example, what vegetation options are most likely to occur at a
site with the following characteristics?

Altitude range: 244-335 m
Slope: 6-~-110

Near {<0.25 km) to roads; moderately distant (0.25-0.5 km) from
buildings; inside field boundaries

Rainfall: more than 1 905 mm pa
Soil pH: 4,.7-5.2
Land type, rainfall phase: steep upland, high rainfall

From the appropriate tables earlier in this chapter the vegetation
classes with a moderate or high probability of occurrence at sites
in the observed range of each characteristic can be identified.
'Moderate or high probability' can be defined at any desired level,
but might, as in this example, be specified as those classes which
have more than 20% of their total occurrences within the observed
range of land cnaracteristics, or more than 10§ of their occurrences
within the identified rainfall phase of a particular land type.
Using these criteria, Table 5-9 gives the vegetation classes which,
from the study area data, could occur with moderate or high
probability at such a site.

Adding the site constraints on vegetation class occurrence in the
most sSimpie way without attempting to consider interactions between
them, the only classes predicted as of moderate to high occurrence
at a location with all the characteristics of the example are
Festuca/Agrostis rough pasture (class 8) and Festuca/Nardus/Molinia




TABLE 5-8 EEY TO VEGETATION CLABSES OF MODERATE TO HIGH PROBABILITY AT A EPECIFLIED SITE

Yegetation Claas

Improved Rough Griasy

8ite Bpecification Pastures Pastures Hefths Shrubby Beaths

1 2 3 4 5 & 7 8 14 15 16 [} 10 11 12 i3
Altitude Range 244-335 m 1 * = * = £ 2 % # - * * . » ’ "
Slope é-11° 1 * * * * * » * * - * * » * * » -
Roads near 1 * * * * L] » * [] . * * - * *
Buildings moderately distant 1 = = » * LI " L . *

[

Pield Boundaries inside 1 = & & ¥ * 5 & = * » . » Eg
Boil Acidity pH 4.71-5.2 2 * - » ». - » - *
Rainfsll Range high a » * - * » * - » - = - " *
Land Type 8teep Upland 4 L] * * ] * » -
Land Type/Rainfall Phase Bteep Upland, high raintall & » * *

* The vegetation clags has moTe than 20% of its total occurrence at mites with the given churacteristic, r in the given lend type,
or more than 10% of ite occurrence in the given rainfall phase

Table 3-3b
Table 5-7

Table 5-3b
Table 5-2b
Table 5-4a

- T T R~ I
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grassy heath (class 16). If 1land type, regardless of rainfall
phase, is used as a constraint, then Agrostis/Holcus rougn pasture
(class 7) also occurs at the specified frequency. If no land type
analysis was available, Agrostis/Juncus rough pasture {(class 5) and
Calluna shrubby heath (class 13) would also be expected with
moderate or high probability at a location with all the other
constraints. A maximum of five classes {three rough pastures, one
grassy heath and one shrubby heath) thus are suggested as having a
high potential for occurrence at the site, in terms of site land
characteristices. It is clear from Table 5-9 that slope and position
with respect to roads are either not at all, or are hardly
restrictive of any vegetation classes. The site position with
respect to buildings and field boundaries is such that rather more
than half the heath classes are unlikely to be present. The
strongest constraint on vegetation class presence at this location
is surface pH, which is too high for some shrubby heaths and too
low for improved pasture classes to be likely. High rainfall also
limits the probability of some improved pasture classes. The land
type within which the location is situated, particularly its high
rainfall phase, is one in which, in general, rough pastures or
grassy heaths are more 1likely than improved pastures or shrubby
heaths. Quite probably, such a location would be in a ‘'moorland
fringe' sector, where past agricultural improvement has acted to
reclaim moorland, but at which lime and fertiliser application and
intensive grassland management have not been sustained in recent
times.

The present vegetation might turn out te be one of the classes
forecast as of high frequency at such a location, or it could be one
of lower probability. A vegetation class which, from the study area
sites, is of 1low probability of occurrence in the specified
conditions can be considered as possibly being a less stable
occupant of the site, more susceptible to vegetation change, than a
class of higher probability would be. It could of course have
particular landscape importance simply because of its relative
scarcity at such sites. The likely directions of change from the
present situation, and the factors which could bring about such
changes can be assessed in the 1light of the discussion later in
this chapter (5.46-5.47, Tables 5-11, 5-12). Whatever the present
vegetation may be, one of the strongest options at this example
location is for a 1likelihood that improved pasture could be
created, either by a direct change through major cultivation,
fertilizing and reseeding, or at least more gradually through
liming and surface seeding with increased grazing. A second strong
likelihood, if the site became ungrazed and if seed sources are
available nearby, would be for the incursion of scrub woodiand. The
other vegetation alternatives of moderate to high potential are
likely to be the maintenance of a rough pasture class in a general
equilibrium, or the shift of a grassy heath towards rough pasture,
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under moderately heavy grazing but without chemical additions to
the scil. Most shrubby heath classes are unlikely to be vigorous at
the location because of its moderate soil acidity. A slow trend
towards heath could occur under reduced grazing, if no source of
scrub woodland seed is available but key dwarf shrub heath species
.are present as minor components or on adjacent land. Change to
ishrubby heaths apparently requires a long time (from the evidence
‘summarised in 5.69) to bring about the necessary fall in soil
acidity to give conditions suitable to allow competitive advange to
‘dwarf heath shrubs such as heather. The time scale of fall in pH in
different soils under alternative managements and degrees of
leaching due to different rainfalls has not been explored, and is a
gap in knowledge of how rapidly heaths might recover on specific
formerly limed sites.

Woodlands and land types

ﬁBefore considering the association of grassland-moorland vegetation
with land use history, and the changes in such vegetation through
management factors, it is worth considering briefly the
relationship between woodlands and land types in the study areas.
Despite their limited sampling, the available data identify land

sectors in which native woodlands are, or have some potential to

be, important landscape elements. Table 5-10 shows the correlation

between the recorded woodlands as a whole and the land types in the
study areas. The woodlands recorded are seen to be concentrated in
the steep upland and upland margin land types. These contain 30 and
42 % respectively of the sampled woodlands though they are each only
16% of the total study areas. Although hill land occupies 48% of
the total area, it contains only 8f of the recorded woodlands,
situated in Alwinton (5 sites), Lunedale (2 sites) and Shap
(4 sites).

The woodlands which occur in the upland and upland margin land show
no distinet pattern of distribution when considering woodland
types, the three woodland groups (3.24) being comparably
histributed in relation to land type. Local geology, soils, history
and management are the major factors determining woodland
composition. As a result, in these land types a wide range of
deciduous woodland types can occur. Where a change in management on
pastures and heaths allows the natural development of woodland on
that vegetation, the type of woodland which develops will be
determined by local conditions and, particularly, by the species
composition of the nearest woodlands or verge apd field boundary
trees. In contrast, in the hill land, although few woodlands were
present, 90% of these were 'upland acid woodlands' with birch and
oak, indicating the limited range of deciduous woodland likely to
ocecur naturally following management change on hill land.
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TABLE 5-10 WOODLANDS AND LAND TYPES IN STUDY AREAS

Land Type

Study Area

Steep Hill Hill High Plateau Steep Upland Upland Upland Plateau Upland Margin
Alwinton 2 3 3 2
Lunedale 1 1 3 1 4
Shap 4 8
Bransdale 2 3 2 8
Heptonstall 7
Monyash 1 1 7 1
Lianfachreth 1 14
Ysbyty Ystwyth 2 8 E
Glascwm 2 4 1 4
Ystradgynlais 7 5
Lynton 7 5
Widecombe 4 4 5
Total 6 4 1 44 17 11 61
% Woodland Sites in
each Land Type 4 3 1 30 12 8 42
% Land Types in
Total Area 18 19 11 16 9 11 16

Data as number of woods in each land type in a study area
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MANAGEMENT METHODS AND GRADUAL CHANGE
The ecosystem

Soils, animals and plants are interrelated components of
ecosystems, none of which can alter without causing changes in the
dthers. An ecosystem responds to a change in one component by
adjusting to a new state of equilibrium with its external
environment. The rate of adjustment can initially be rapid but then
may proceed slowly, over decades or longer. Thus the current state
of an ecosystem may be still in the process of reacting to a
previous change in conditions. Some aspects of ecosystem change are
cyclic, like those which result from the growth and death of
long-lived species such as trees. Other changes go in one
direction, such as those resulting from progressive leaching of
30ill nutrients out of the system into drainage waters at a rate
faster than is being compensated for by nutrient cyecling in the
ecosystem and by external natural or artificial inputs. Ecosystems
are inherently dynamic, so that in' them change is an essential
characteristic, though sucn change may be very gradual or can
consist of cycling around a near-permanent stable baseline of
balance between species and environment, Vegetation as an ecosystem
component has a particular capacity for change (see Miles 1979)
that is a key part of the dynamics of ecosystems as a whole.

Management manipulates parts of ecosystems and as a result
ipntroduces into them varying degrees of imbalance. It is easier to
modify some ecosystem factors than others. For example, climatic
change is an unlikely target for management effort compared to the
ability directly to influence soil chemistry or plant and animal
distribution. Human endeavour is usually directed to the production
of desired elements in an ecosystem - sometimes to the extent of
creating a new monoculture, but typically in the uplands aiming for
shmething less completely divorced from the semi-natural situation.

Plant species and individuals associated in a community compete for
space, 1light, moisture and nutrients. The composition of plant
associations is the outcome of this competition in particular
environments and the mutual interdependence of the component
species. Since environmental conditions repeat themselves there
will be repetition in semi-natural vegetation. However, this
répetition is not precise and a range of varlants adapted to local

site conditions exists, giving pattern to the overall vegetation
framework.
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The scale of this pattern can vary between relative uniformity over
broad sweeps of land, involving many square kilometres, to rapid
variation at scales of a few square metres. Between the different
units of a vegetation pattern the spatial boundaries are usually
gradual, with sharp boundaries only occurring at abrupt changes in,
for example, geology and hence soils (see eg Ball et al. 1969 for
consideration of the detail of seil pattern in an upland area), or
at management boundaries when a fence-line separates two very
different grazing regimes. (Plates 43, 44)

Dhring the course of gradual #egetation change, some plant species
decline and disappear while others expand or arrive. Potential

colonising species may expand through the spread of existing, but
perhaps 1initially inconspicuous plants, as for example with
suppressed heath species in grazed grassy heaths (5.58). Seed

- distribution 1s a major element in the successful entry of

additional species, this requiring both the availability of a
source of seeds and suitable conditions for their germination and
establishment. Seeds of species not at present prominent in
vegetation can remain buried, dormant but viable, for many years,
awaiting suitable conditions for germination (see eg Stevens 1978),
while others are transported to sites by wind or animals.

S0il and climate are amoné- the primary controls on semi-natural
vegetation distribution but their impact can often be overridden by
management methods aimed at suppressing some species and encouraging
others. Gradual changes, as considered here, involving upgrading or
deterioration (in agricultural terms) of existing vegetation by
management modifications, result from the types of management
outlined in H4.56-4.,62: burning, grazing and control of grazing by
fencing, minor drainage schemes, and limited lime, fertiliser and
herbicide applications.

Management effects on key plant species

Table 5-11 summarises the impact of these management practices on
35 plant species that are important in the grassland-moorland range
of vegetation or are trees or shrubs that frequently spread into
upland pastures and heaths. The information for this table is drawn
mainly from general ecological understanding, rather than from
experiment or observation in the study areas, although some
evidence from management experiments elsewhere and from dated sites
examined in the study areas that are referred to later in this
chapter has been drawn on. In considering how a vegetation class in
which these key species are prominent might change under
alternative managements, or what form of management might be tried
to achieve a desired effect in sustaining or altering the present
balance of plant species in a community, Table 5=11 provides an




TABLE 5-11 EFFECTS OF MANAGEMENT ON PLANT SPECIEE IMPORTANT IN UPLAND VEGETATIOR
Management
Additionsl
Plant .Burning Grazing _| Drainage Fertilisers Notew
Bpecies Degree
Light Moderate Heavy Type
Dwarf Bhrubs
Calluna Burning encourages Allowa Calluna to increase in  May cause Mainly sheep but Tolerant of a wide Calcifuge species - Pure stands often
vulgarie new growth. Fire the sbsence 0f more resistant Calluna to alsc cattle. range of drainsge killed out by liming. very extensive.
salntains Callima species such as Pteridiwn and disappear and Mein food of conditions. Tends A plant of low Landscape value
dominated vege- Nardus. Ceseation of purning permit grouse. to be replaced by nutritional needs - high. Trend
tation. Cover coupled with light grazing domipance of other species under generally reduced towards coarse
restored 2-3 years tends to encourage scrub. unpalatable wettest conditions. by use of grassland with
after burning, species. fertilisers. excessive burning.
Excessive burning
encourages Molinia,
Pricophorum wnd
other lesa
desirable spp.
Vaeaintum Only serial shoots Sheep will graze Vaccinium in the absence of Occasionally Wide tolerance, but Calcifuge species - A woodland as well
ryrtillus killed, rapid more palatable species. Not greatly grazed by absent from the responses generally as a heath species.
regrowth from affected by grazing, sheep. wetteat habitats. similar to sbove. Tolerant of ahading
rhizones - often and portherly
therefore glving aspects,
rise to domlnance
after burning of
Vaceinium-Calluna
hesth.
Ericg Tolerates burning, Tolerutes Killed out by moderate to Grazed by sheep, A plant of better Calcifuge species - Sheep grazing in
eirerea which may Tesult light~ heavy grating in favour of cattle and arained soils. Only responses generally mizxed stands of
in its temporary grazing. Callura., 1t is generally ETOouse. on better drained similar to above. Cathwna and
local dominance. assumed that Erica cinerea sites can E. einerez E. cinerea favours
is less palatable to sheep compete with Callwng,
than Calluna. tallura. .
Erica Tolerant of " Tolerates light - moderste Killed out by Mainly grazed A plant of wet Calcifuge species - May pometimes be
tetralir burning - Te- grazing. It is leas palsatable hesavy grazing. by sheep snd babituts, In drier responses generally locally dominant
generating to grazing animals. spall mammals. situstions it is similar to above. after fire, but
from the shoot suppressed by usually an
bages. However, Cailura and

repeated burning
will result in
elimination of
this specles.

F. eircrea.

ussociste species.

92T




TABLE 5~11 {continued)
Management
Plant Burning Grazing Drainage Fertilisers M:::::nnl
Bpecies Depree
Light Noderate Heavy Type
Vaceinium Shows rapid recovery Mot a palatable species and therefore grazing Occasionally It appears to Calcifuge species - Northera
vitis—idaea sfter burzing and incidence is low, It may be grazed mt grazed by prefer better respenses generally distributios, sbsent
may be present as &  times of bhardship e.g. when anow and frost sheep. drained sltes and sizilar to sbove, frou southerz
codaminant with &T¢ Aevele, wil} spread imto heaths. Tolerates
V. myrtillus in places where for a shads.
the Vaceinietum variety of reasons
phase which often the drainage may
follows burning have been improved.
of Calluna.
Durekility of this
Fhase very variable
depending on’
intensity of burn
and ecological
features of ;
locality. -3
Empetrwn Tolerance of Mot grazed. Apparently intolerant of Not grazed by Tolerant over a Calcifuge species - Intolersnt of
nigrer burning depends on trampling. sheep Or cattle considerable range responses generally shading - usually
fire tempersture. but =&y be eaten of drsinage sizilar to sbove. comnfimed to copea
Only slow regener- by grouse. comditions, but in situstions.
ation after wet situations Appears to need
uncontrolled usually confined high sir relative
burning. Plant t0 better drained husidity.
has poOT powers parts.
of reproduction
from seed,
|
Ulex app. Both. these species Tolerant of light to moderate Grazed by sheep Shows preference Uier eurgpeus has Epecies characteristic
{ europeus will regederste grazing. Light grazing by wnd ponies. for well drained relatively high of disturbed scils.

and gallii)

after burping.
Seedlings will
2ls0 sppesr
after a fire.

sheep leads 1o an incresse in
gorse cover. Seedlings
resistant to trampliing, these
will spresd out *o form
groups of bushes.

Cattle do not
graze gorse but
thelr trampling
can lead to
increase.

solile.

nutrient demands -
%1l respond
positively to
fertiliser
treatment.

V. gzliZi a plant of

acidic soils - more
heath-iike in its

lower response to
fertilisers.

Bigh lamdscape
value ag & flowering
elesent in &
commupity.




TABLE 5-11 (continued)
Management . . —
F 114 Additional
Plant Burning Grazing Drainage ert BeYs Notes
Species Degree
Light Moderate Heavy Type
Grasses
AQTO§ti8 All species are These species are prominent components of Grazed by sheep, Show considerable All positively Range of sward typed
tenuis tolerant of some upland anthropogenic grasslands often aa cattle, ponies, range of respond to trestment 18 conslderable, from
A " degree of burning. dominant or codominant species. All aTe often rabbits and tolerances but in with lime and herb-rich with many
grostie closely grazed. Thelr relative atatus in sxall mammals. general these tertilisers. They associated speciea
eanina the award is related to variation in the level plants show may lster succumb to Present, to ones
Festuea ovina of grazing, local soil moisture regimes and preference for the enhanced competition W¥hich have only & -
/rubra 2011 base ststua. All show good powers of better drained from other species few assoclate apecies,
recovery from grazing, though there is some soils, in the sward unless  '© EYassy heath.
variation in respomse. A. canina for instance grazing preasure is
appears to favour less intensively grazed adjusted.
situations. S
[+
Holeue Survive burning. Tolerate Buppressed by moderate Grazed by sheep ¥ide tolermnce Fot able to withstand Holcus mollie 1a
lanatue 1light grazing and killed out at high and cattle, renge - often enhanced competition ¥esistant to trampling
grazing. grazing pressure. also by rabbits associated with from asszociate but F. lanatue 1s
Holeus . and voles, flushing or slightly species. elisinated.
mollis impeded drainsage.
Lolium Intolerant of Highly responsive to grazing. Becomes Grazed by every Intolerant of poor Highly responesive to A major comstituent
perenne buraing -~ wil} deminsnt under frequent grezing. Excessive class of domestic drainage but can fertilisers and lime wspecies of most
usually be killed trampling is, howevey, harmful. stock mnd wild recover from ~ glving increased irproved grassland
cut as & reasult animals, temporary growth and yleld. types.
of u fire. inundation,
Molinic Tolerant of burning. Not a particularly palatsble species except Occasionally A plant of wet Generally unrespon- More readils grazed
¥ P
caerulea Sometimes burned when young, when 1t is grazed, but other- Erazed by habitats needing sive to fertilisers by cattle than sheep.
to clesar accumu- wige Molinig 1= not grazed to any extent. sheep and an abundant supply and lime . Msy be eliminated by
lated litter and Formerly cut for hay in the uplands. cattle, ol water but it

reduce the size
of tussocks.

is intelerant of
stagnatiocn and
excessive acidity,

controlled grazing
with cattle.




TABLE 8-11 (continued)
Manegerent
Plant Burning Grazing Drainage Fertilisers Ad:::::ntl
Bpecies Depree
Light Moderate Heavy Type
Nardus Withstands burning. Able to with- Weakened by repeated close Early growth ¥ide tolerance Generally Nardus is slow growing
stricta Burning has been stand light defoliation. Not a palatable grazed by cattle range. Usually unrespongive to and it is not sble to
advocated ap a grazing. species generally, but it is and sheep. agsociated with lime and compete with other
means of control, grazed early in the season poor acidic aovils. fertilimers. species in more
but it does not by both cattle and sheep. fertile situations.
geem 0 be
universally
effective.
Degchampsia Tolerant of Able to withstand sustained grazing pressure Grazed by sheep A plant of drier Generally Frequent coloniser
flezuosa burning. and will spread when more palatable species and rabbite. situations, rare unresponsive to gsgbutnt Callina
are preferentinlly grazed (eg Calluna). Apparently un- in wet habitats. 1ime and areas.
grazed by voles. fertilisers, -
n
0w
Cynosurus Tolerant of ¥ill tolerate heavy grazing and probably Grazed by all A plant of well Under conditions A common constituent
erietatus burning if not increases under light to moderate grazing. classes of drained acid - of high moil species of many types
too intense. Sheep show & partiality for this species livestock. basic soils. fertility it of grasaland but of
in the earlier stages of growth, but later becomes less low constancy.
they reject the flowering culms. abundant.
Dactylie Tolerates some Responds to grazing in Heavy autumn Grazed by all Intolerant of very Highly responsive May be a dominant
glomerata degree of spring and summer when it is and winter classes of wet conditions but to fertilisers speciea. TForms large
burning, so long actively growing when it may grazing livestock. otherwise shows particularly tussocks 1ib peglected
as 1t is ewift, in become dominant in &n causes wide range. nitrogen. graesland when grazing
which case the initially mixed sward. D. glomerata i low. BSensitive to
effect is to Intolerant of trampling. to be froet and wind burn,
stimulaete growth. eliminated. when young growths
are just emerging.
Rushea/Sedges
CUNCUB All species Inveasive under light to Show resls- Not palatable to Plants of poorly Generally un- Recover readily after
effusus tolerant noderate grazing. tance even to sheep. Grated drained habitats, responsive to cutting. Controlled
- of burning. J. conglomeratus perhaps relatively by cattle, especially rough lime and by draining water-
.uncge 1 Jess heavily pgrazed than heavy grazing. pastures, and fertilisers. logged soils, coupled
artioutatus other species apd algo more Not easy to grassy heaths, with herbicides,
L UNCUs resistant to trampling. elininate by
conglomer- grazing alone.

atus




TABLE 5-131 {contiuued)
" "Manegement 7
Additiconal
Plant Burning Grazing Drainage Fertilisers Notes
Species Degree
Light Moderate Beavy Type
Juricus Tolerant of burning. Young growth only grazed by stock in spring Early growth may A plant of moiet or Indifferent response Only able to compete
BQUATTOBUE - in the absence of more palstable species. be grazed by wet habitate, but unable te in presence of grazing,
Removal of grazing eliminsates this species, cattle and sheep. conpete with because of slow growth
enhanced growth and peed for high
of companion light intensity.
specles.
Eriophorum Resists burning Resistant to continuous grazing and may Mainly grazed by Reguires high Important coloniser

anguetifoliuwn but may be

Eriophorum
vaginatur

Triehophorus:

cespriosum

eliminated by
indirect effects
such as reduction
in soil moisture
and changes in
pH.

Resipts burning
snd may sometimes
spresad to form a
fire climax,

Withetands
burning.

Not affected by
fire which cannot
damgge the under-

_ground rhizomes.

May spread into
adjacent
communities
which have been

e tempOrarily

weakend by
burning.

become dominant in blanket bog under these
conditions.

Tolerant of light to mederate
grazing.

Weakened by
persistent
heavy grazing,
but favoured
relative to
dwarf shrubs
(Mocr House)

Tolerant of grazing, which mainly effects
the young growth - this is a species which
tends to increase with a reduction in
grazing pressure.

Bracken ig poisonous, and not normally grazed
by domestic stock ¢or wild herbivores,
Tramplipg effect of cattle ¢an reduce the
invasive capacity of bracken.

sheep.

Mainly grazed by
sheep.

Mainly grazed by
sheep.

Bracken
poisoning well
known in cattle
eating the
plant.

soil humidity.

A plant of wet
stagnant habitate
but must have high
spring water table.

A plent of dawmp
pesty situations.

A plant of well
drained soils.

It seems likely
that both speciles
would show a
negetive
response, being
plants of low
nutritional
needs,

Generally
unresponsive
to fertilisers
and lime.

No informatior.

of bare peat.

0T

Both E. vaginatum and
E. argustifoliu
elizinated by
effective drainage.

May be locally
domipant. Fliminated
by effective drainage
coupled with
increased grazing.

Undegirmhble
sgriculturally and
may be controlled by
use of herbicides,
High landscape value
as 4 colour and form
element ir vegetation.




TABLE 5-11 {continued)
Management
Additional
Grazin, Drainage Fertilisers
Plant Burning B E Notes
Bpecies Depree
Light Moderate Reavy Type
Trees/Bcrub
Cralegus Seedlings and young Extensively browsed by both cattle and sheep. Browsed by cattle A specles of well Ko information. Natural seedlings will form
monogyna trees intolerant of No growth surviving below browse height. Young and sheep. drained soils. thickets of scrub 1f grazing
burning and killed plante, eg in & hedge, need protection of Gnawed by rabbits. Rare on wet peaty preesure 1s low - these thickets
out by fire, but fencing for several years. Regeneration solls. form valuable protection for
older bushes are prevented by peedlings being grazed out in other species which are able
capable of early stages of growth. to grow through them, such
regeneration. ap Oak,
Betula Low tolerence to Extensively browsed. Absence of seedlings Browsed by sheep Wide tolerance No informatioc. Typical picneer species, not
pendula burning. If fire and aaplings is due to grazing by sheep. and cattle. range. usually of climax woodland.
is not too hot but Large numbers of small wind
Betula awift there is borne seeds are produced en-
pubescene chance of growth abliing colonies in suitable w
sbooting from habitats - 1li1ght demapding for M
damaged stems. regeneration.
Alnus Fairly resistsnt Tolerates light to moderate 1f grazing Browged by sheep A tree of wet Possesses root May form pure stabds but is
glutincea to burpning and will grazing. May be favoured is heavy end cattle - but places and poorly nodules and usually en associmte species.
shoot from lengths plnce grazing also removes sanlings less often by drained soils. nitrogen fixing
of stem mot too competing tall herb will be sheep becsuse of bacteria, so has
badly scorched. vegetation which smothers trimmed ipto soft ground. no need of
the young trees. bushes. . fertiliser
nitrogen to
encourage growth.
Quercus 0l1d trees mre Acorns are eaten by a number of animals 4nd Browsed by all Wide range of No information, Very wide ecological range of
robur protected by bark, regeneration is severely hampered. Seadlings clapses of tolerances. tolerance. &. petraea occurs
l1ght fires cause are eaten by grazing animals and saplings livestock. mostly in west snd north on
Quercus po harm. More sre also browsed. Grazing is undoubtediy more acid 80ils but the two
petraea severe fires may s factor which contributes to slow

cause some damage
apd scars.
Geedlings and
saplipgs may be
killed putright
or tops may be
killed but later
the plants will
shoot from ground
level.

establishment.

specles overlap. Natural
climax woodlend of much of
Britain hes oak as s dominant
species.




TABLE 5-11 (continued)

Management \
Plant Burning Grazing Drainsge Fertilisers Ad:z:i:n;l
Species Depree
Light Moderate Reavy Type
!
Saliz eaprea  Fair resistance Commonly browsed. Fairly resiatant and Browsed by all Wide range of No information. Both are valusble
to burning, will aspread may be encouraged by trampling classen of tolerance. species ir the
Salix readily shoot from opening up new sites for colonizstion. livestock. landecape slongseide
Tnepeq Ssp, lengths of stem However seedlings and young suplings would be streams and other ‘
atrceireteg net too badly destroyed if level of browsing was toc high. wel Areas.
#corched, |
|
. [
Sorius Poor resistance Tclerant of browsing when mature, but Browsed by Requires well No (nformatiom. High landscape value
Qusuparia te burning, will regeneration will only take place in sbsence cattle and drained svoils. in local situaticns.
usually be of browsing animals or when they are at a sheep. Will regenerate 1if
killed, low level, ' protected from

stock.

2€T1
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outline from which the most appropriate course of management
action, or the 1likely outcome of an action, can be assessed. Such
an assessment can only give a probability of a particular
end-product, rather than a certainty, because of the complexity of
interaction of environmental factors on each site. The composite
effecta of management on individual species lead to changes between
vegetation classes, but of course interactions between species
within a community and the varying environmental factors in space
and time increase the margin of doubt as to the exact outcome in
any specific situation.

Direction and rate of change

To form a picture of the sequence of events involved in change in
response to management requires piecing together the type of
information collated in Table 5-11 with whatever direct evidence is
available in the wuplands on the gradual response to Known
treatments of the vegetation at specific sites. A summary of
present knowledge for broad vegetation categories was included in
ITE (1978). That summary has been developed here (Table 5-12) in
relation to some vegetation classes defined in the present study.
The vegetation categories used initially in this Table are, for
continuity, the broad groupings of the earlier ITE report, but
their equivalents in the present vegetation classes are then given.
Table 5-12 asets out to summarise, for U4 shrubby heath, 2 grassy
heath and 3 rough pasture classes, the directions in which they may
be expected to change under increased or decreased grazing regimes
and the periods over which such changes may take place.

It is even less easy to give generally applicable estimates of
rates of change than it is for directions of change. Some evidence
comes from management experiments which have run for up to 20 years
(5.49-5.62), while longer term changes in the regression of
grassland to moorland can to a limited extent be inferred by
examining the vegetation of sites abandoned for periods of up to
200 years after earlier intensive agricultural use (5.63-5.74). To
try to ensure coverage of suitable management experiments a
questionnaire was sent to many organisations and individuals
concerned with upland land~use. Through replies to this
questionnaire a number of locations were selected where known
changes in management had taken place from a known starting point.
These experimental sites, outside the study areas but in comparable
regions of upland Britain, were visited in order to relate their
observed trends of change to the vegetation classes recognised
here.



TABLE 5-12 DIRECTIONE AND RATEB OF CHANGE OF VEGETATION CATEGORIES UNDER MANAGEMENT
Generslised R - .
i Seiag Vagetation get1 Type of Dizection of Gradual Ch Fovatua: omenge
Cond n © radu ange Gradua) Chenge
(ss 1TE, 1976) Class/es nditions Menapenent
Agroetis/Feetuca 8 . Well drained Beduced grazing Bracken may invade, gain dominence Brackenh cAn lnvade at a rate
(Bent /Fescue) (Festuca/Agrostis and eventually lead to scrub and of spread of 20-40 cm/year
granslands grassland) woodland ., pafticularly in abeence of
traspling .
In absence of bracken, general trend Very difficylt to predict -
will be towards Class 14, Festuea/ 1t could take 50+ years to
Vaccinium heath and in south west develop heath clssses.
perhaps ultimately to dominance by
Calluna vulgarie (Class 13).
Acid goils Increased grezing Development of bryophyte-rich swards, 2~3 yeers with 7 sheep/ha.
particularly Ahytidia delphus spp..
Pleurcziwm schreberi and Eypnum
oupressiforme.
Base-rich soils General trend will be towards [olzuwmx 5-10 years with 7 sheep/ha.
grassland (Class 2). This, however,
nay pot be » direct route and wmay
involve intermediate stage eg Agroetis/
Folous grassland (Class 7).
5 and 6 Poorly drained Reduced grazing Developaent of taller and tussocky 10-15 years but poasibly
(Agrostia/humeus grassland phase with Deschampsia century + for ultimate
and Fegtuca/

rardus 8iricta
{Mat-grass)
grassland

Juncue gramsland

15
(Festuoa/Nardue/
Vaceinium heath)

Drier less
peaty sotle

Incressed grezing

Reduced grazing

Increased grarzing

cespitoea present. Over & much longer change to hesther.
pericd 4f time hesth species would
invade apd become dominant,

Probably not s great deal of change
would result except that prostrate
and reosette species would increase.

3-5 years with 7 sheep/ha.

General trend would be towarde
Class 10 (Vaeeintwn/Callura heath)
perbaps lending ultimgtely to scrud
or woodland,

Could take 15-20 years to
reach Class 10 and possibly
uwp to T76-100 years for
scrub woodland to develop
fully,

Geperal trend would be towards
Claaa 5 Agroetis/Juncus, but this

would depend on 01l moisture regime
&nd may not develop.

3-5 years with 7 sheep/ha.

PET




TABLE B-12 {(continued)
Geperalised
Vegetation Equivalent 8 Possible Rate o
o1l Type of
Type Vegetation Conditions Menegement Direction of Gradusl Chmnge Gradual Change
(a» 1TE, 187B) Cluan/es

Molinia caerulea
{Purple Moor-
grass) grassland

Calluna vulgaris
(Heather)} heath

Eriophorur
/Calluna
(Cottongrass/
/heather) heath

16
(Festuca/Nardus/
Molinta heath)

13
(Callura heath)

10
{Vaceinium/Calluna
heath)

11 and 12
(Nardus/Sphagrurs/
Calluna and
Eriophorwn/Calluna
hesths )

Wetter msoils

Well drained

¥Wetter solls

¥Wet peaty soils

Reduced grazing

Increased grazing

Reduced grazing

and burning

Incresnsed grezing
and burning

Reduced grazing and
burning

Increaged grazing
and burning

Reduced grazing

and burning

Increased grazing
and burning

Genersl trend would be for Molinia
ecaerulea to increase in promipence.
Later invesion by Callima vulgaris
would lead towards Clsss 11, Nardus/
Sphagmum/Calluna or Cless & Calluna/
Molinia/Vacciniwm 1in western areas.

General trend would be towards Class 5
or possibly Class 6 Agrogtis/Juncus
or Festuca/Juncug gressland, depending
on scil conditions,

At moderate altitude, scrub woedland
would be the ultimate development in
the presence of seed sources,

Trend would be through Class 14
(Festuoca/vaccinium heath) towarde €lases
8 (Fegtuca/Agroetie grassland).

Bracken can invade and irrespective of
management may gain dominance.

Bcrub or woodland would be the
ultimete development in the presence
of seed gources, At moderste altitude,

Frobable trend wouid be eventuslly
towards Clase 8 Fesituca/Agroetie
grassland but tbrough Class 14,
Fegtueca/Vacoiniu heath, st which
point the vegetstion mwight atabilise.
If conditions are sufficiently wet
might go through to Class & Festuca/
Junous grassland.

General trend would be towards dominance
by Callung vulgaric snd ultizately in
appropriate locations to scatiered scrub
development .

Graduml eliminatior of Caiiurz vuigaris
and increase in Mclinia caeruleéc with
Eriephorum epp. and “rickopkoru~
cespitogum. Nearest vegetition class

would be 16 Fectuoz Nardue/M-linia
heath.

10+ yedrs

5-10 years with 7 sheep/ha.

Very difficult teo predict -

20-25 years or longer.

5 years with 5 sheep/hz
for initial stage,

Bracken can invade 20-40
cm/year,

SEl

20-50+ years.

10-20 years for early stages,
winter grazing increases
rate.

10+ vears for first phase of
developing heather

dominance and 50+ years for
scrub to become fully
developed.

5-10+ years with 0.5 pheep/
ha to make initial change
in Callura~=dolinia’
Fricphorur balance,
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Evidence from experimental sites

Lephinmore Experimental Farm (Hill Farming Research Organisation):
At Lephinmore Experimental Farm in Argyll a wide range of
management experiments have been conducted on upland vegetation
'(Grant et al. 1976). Relevant to gradual change, treatments
involving 3 different grazing intensities have been applied since
1977 to Calluna vulgaris-dominated blanket bog {vegetation
classes 11 and 12). The grazing regimes involved year-round and
summer-only grazing, at 3 different stocking rates: 0.66, 1.32
and 1.88 sheep per hectare. The interpretation of results overall
was complicated because 2 experimental sites were wetter than the
third. After 4 years of controlled grazing, Calluna vulgaris had
increased its cover by about 10% under both the 1low and
intermediate grazing intensities, but had remained substantially
unchanged at the high grazing intensity. At the drier site there
was a steady decline in the cover of Eriophorum vaginatum and Erica
tetralix under high stocking density. Erica tetralix had not “been
Seen to be grazed very much, but appeared to be particularly
'susceptible to trampling.

Redesdale Experimental Husbandry Farm {(Ministry of Agri.cult.uée,
Fisheries and Food): Changes in stocking density coupled with

surface treatments were also imposed on experimental plots at the

Redesdale Experimental Farm in Northumberland (Davies 1979). When
'this management experiment started in 1969, vegetation in the
‘experimental area was comparable to Festuca/Nardus/Molinia grassy
heath (class 16). During the next 10 years, liming, phosphate
fertilising using basic slag, surface seeding, herbicide aspraying
and subdivision of the experimental areas had taken place, with
grazing by both cattle and sheep. Due to the complexity of the
treatments at Redesdale it was difficult to ralate cause of gradual
vegetation change clearly to effect. It was seen, however, that the

‘cover of Molinia caerulea diminished with Aincreased grazing

‘pressure (approximately from 1.25 sheep/ha to 3 sheep/ha), and that
& combination of treatments, probably the combined effect of
fertiliser application and increased grazing intensity, had caused
an increase in Poa spp. and Agrostis spp. The general trend over 10

Years was from a grassy heath (class 16) to Agrostis/Juncus

(class 5) and Festuca/Juncus (class 6) rough pastures.

Snowdonia (Nature Conservancy Council): In a long term study of
vegetation change {Dale 1973) a series of grazing exclosures was
set up at 4 sites in Snowdonia (3 in 1958 and the fourth in 1968).
The treatments were simply concerned with grazing management, and
were total exclusion of grazing by aheep, summer protection from
grazing, and grazing at all times of the year. Blocks of exclosures

‘were set up on two types of acidic upland grassland at each site.

Festuca/Nardus/Vaccinium grassy heaths (class 15), and
Festuca/Agrostis rough pasture (class 8) were the starting points,
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Total exclusion of grazing produced major changes in the vegetation
of both classes. In class 15, Nardus stricta diminished, becoming
extinet inside some exclosures. It was replaced as the dominant
species by Molinia caerulea and ericaceous dwarf shrubs, including
Calluna vulgaris, Erica tetralix, Erica cinerea and Vaccinium
myrtillus. Not all of ‘these species were present at any single site
and the dominant assemblages varied from location to location, but
in general the trend was towards Vacinium/Calluna heath (class 10).
In the Festuca/Agrostis swards, Holcus spp. and Deschampsia
cespitosa replaced the former dominant species, representing a
change from Festuca/Agrostis grassland (class 8) to Agrostis/Holcus
grassland (class 7). In the longer term this trend would probably
continue in the direction of grassy heath vegetation, probably
Festuca/Vaccinium (class 14). Some species present before exclosure
disappeared from the experimental plots. Juncus sguarrosus,
Potentilla erecta, Sieglingia decumbens and Carex panicea all
eventually disappeared from the grassy heath, while Trifolium
repens, Plantago lanceolata and Cirsium palustre disappeared from
the Festuca/Agrostis grassland. The control plots with year-round
grazing and the winter-only exclosure treatment produced no visible
changes in the vegetation. The changes resulting from the
elimination of grazing took place gradually, making a clear visual
impact after about 10 .years, when the vegetation 1inside the
ungrazed exclosures was visually quite distinet from that outside,
and resembled that otherwise found on Snowdonian ledges difficult
of access and therefore ungrazed. After about 7 years, the first
woodland species were observed inside the ungrazed exclosures.
Saplings of Sorbus aucuparia (Mountain Ash) are now, after 20
years, firmly established inside one of the ungrazed exclosures,
having grown up from seeds introduced by birds. If these saplings
can develop into trees of flowering and fruiting size, then a trend
towards scrub woodland would gather momentum with the presence of a
local source of seed. The ultimate change here might well then be
to woodland rather than to a grassy or shrubby heath vegetation.

Moor House (Nature Conservancy Council): At Moor House National
Nature Reserve various aspects of the effects of grazing, burning,
fertilising and draining on grassland and bog vegetation have been
studied since 1953 (Rawes & Heal 1978; Rawes & Hobbs 1979). The
pattern of grazing there, in terms of average sheep numbers on the
moor, has been stable for at least a hundred years. Long term
grazing by sheep has increased the extent of grassland at the
expense of dwarf shrub communities, while tree regeneration and
development of scrub have been suppressed. Prolonged grazing of
grassland has allowed plant species of rosette form, such as Juncus
squarrosus, and species unpalatable to sheep at most seasons, such
as Nardus stricta and Cirsium spp., to increase. In general terms

this has meant a shift from shrubby heaths to grassy heaths in the
area.
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The exclusion of sheep from Festuca/Agrostis grassland {(class B)
resulted in the grasses Deschampsia cespitosa and Deschampsia
flexucsa increasing, because when these species are grazed they
cannot reach  their full growth  potential. In contrast,
light-demanding species such as Juncus squarrosus, Cerastium
holosteoides, Minuartia verna, Thymus drucei, Trifolium repens and
Viola spp. all showed a reduction in the absence of sheep grazing.
Exclosures on Festuca/Nardus/Vaccinium heath (class 15) and on
swards rich in Juncus squarrosus brought about no marked changes in
composition apart from a decrease in Juncus squarrosus.

Exclusion of sheep grazing from blanket bog shrubby heaths of
classes 11 and 12 (Nardus/Sphagnum/Calluna and Eriophorum/Calluna
heaths) did not result in much visible alteration in the vegetation
si}nce the original grazing pressure on this vegetation was low
(aibout one sheep/50 ha). Increased grazing pressure on blanket bog
cgused a reduction in Calluna vulgaris and an increase in
Eriophorum vaginatum, while Juncus squarrosus and grasses also
appeared in the sward, to produce a change from shrubby heaths to a
Festuca/Nardus/Molinia grassy heath (class 16).

Work on controlled burning at Moor House showed that if fire is
sufficiently intense the above-ground parts of dwarf shrubs are
killed, but other species such as Eriophorum angustifolium,
Eriophorum vaginatum and Trichophorum cespitosum are generally
little affected since they are dormant in early spring when
controlled intentional burning usually takes place. The original
species composition of the vegetation is a crucial factor in
determining recovery after a fire. Climate and subsequent grazing
level are also important. Conditions following burning favour an
early flush of growth of Eriophorum spp. which is attractive to
sheep, resulting in higher sheep grazing densities on the burnt
areas that can delay or reduce the recovery of Calluna. Calluna
vulgaris only recovers completely from burning under favourable
grazing conditions over a perjod of years, reaching maximum size
and density between 11 and 17 years after burning. Eriophorum
vaginatum, besides making a rapid recovery, maintains a higher
level of cover for some years after burning, only decreasing to a
minimum cover value as (Calluna vulgaris again approaches its
maximum. If the burning rotation is not sustained, vegetation on
blanket bog at Moor House apparently reaches a climax steady state
with a mosaic of Calluna interspersed with Eriophorum tussocks.
This climax contrasts with the situation at lower altitudes where
Cal luna in a cycle of regeneration and ageing can be replaced by
wobdland, if burning is absent and there is sufficiently limited
grazing to permit tree seedlings to survive,
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The results of these management treatments indicate similar
successional trends. Under conditions of reduced grazing intensity,
dwarf shrubs, ie the moorland element of upland vegetation, will be
favoured. More intensive grazing suppresses dwarf shrubs and
prevents invasion by, or regeneration of, trees or shrubs, thus
giving rise to grassy heaths. These can be modified to produce
rough pasture classes by liming, fertilising, and grazing control.

Rates of vegetation change are, as previously stated, diffiecult to
generalise. Progress along a successional pathway of change depends
particularly on the original species composition of the initial
vegetation. For example, at two Snowdonian sites (5.51-5.52) the
change from Festuca/Nardus/Vaccinium grassy heath (class 15) to a
form of shrubby heath took place in about 10 years. At two other
sites this change, although it may ultimately happen, has at least
been delayed, as development has led in 7-10 years to another form
of grassy heath in which Molinia caerulea is dominant (class 16,
Festuca/Nardus/Molinia heath).

The factor ecrucial in this instance is whether or not shrubby
ericaceous specles are present in the unenclosed sward. If
sufficient scattered plants of these species are available in the
original vegetation, however small and inconspicuous they may be,
progression appears to be direct to an eventual dominance by dwarf
shrubs, achieved in a relatively short period of time. In the
absence of these species, or if they are present in only very low
amounts, succession develops along a different pathway to the
dominance of Molinia caerulea (assuming that it is originally
present) after about 7 to 10 years, and there is then only a very
slow 1increase in the dwarf shrub species because they have
difficulty in penetrating the thick mat of dead Molinia. The trend
at the 2 sites suggests, however, that shrubby heath will
eventually become established, as Vaccinium myrtillus is beginning
to grow up through the Molinia, but the process of reaching a
shrubby heath vegetation is clearly going to take a much longer
period of time than at the other Snowdonian locations. The effect
of climate, through altitude, on spread of heather into disturbed
ground has recently been reported by Bayfield (1980).

The presence of species with potential for invading or expanding in
communities and thus emerging as new dominants and so changing the
appearance of vegetation is of particular relevance since they can
achieve a relatively rapid alteration in the visual character of
vegetation in the landscape. If key species such as ericaceous
shrubs are present as a few scattered plants in a community that is
a form of grassy heath, then their current visual impact can be
negligible but their potential for responding to ochange can be
high. It is in this respect that the actual species list at any
particular site needs considering, along wWwith site character, as
well as the overall vegetation class at that site (3.8).
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5.61 The average time intervals for changes to become obvious that are
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included 1in Table 5-12 can only be guidelines to specific
situations, as has been discussed. In this question of rate of

: change it is also necessary to appreciate that change in the

regression from grassland to moorland can be slow as it becomes
increasingly difficult to move the vegetation along a successional

pathway as a trend <develops ‘towards equilibrium with an
environment. Thus it is comparatively easy to change the cover of
different grass species within rough pastures or grassy heaths but
generally more difficult to move further along the succession to
shrubby heaths. This 1is particularly so where local foci for
expansion of these species are absent, as will be seen from
consideration shortly of moorland fringe sites (5.63-5.74). Whether
scrub woodland establishes rapidly on sites from which grazing has

. been removed as an alternative to change within the
' grassland-moorland range 1is mainly a matter of the local

availability of seed sources, as noted earlier (5.52).

" There is a final point worth making before turning from -this

' consideration of management impacts on gradual change. Although
- emphasis throughout the discussion in this report is on change in
- vegetation by alteration of species composition, attention should

be drawn to the way in which the appearance of vegetation can be
considerably altered by changes in plant growth without changes in

. plant species. For example, Eriophorum/Calluna heath (elass 12) has
'a different appearance when graged at even quite iow intensities

than when ungrazed. In the latter state, the component species grow
upwards and outwards and are able to flower. Cotton grasses
(Eriophorum spp.) flower hardly at all under grazing, but when
grazing 1is absent the visual impact of this heath class in the
summer 1is entirely different, with conspicuous purple flowers of
heather and heaths, nodding white seed heads of the cotton grasses,
and local areas of interest provided by the flowering of subsidiary
species, such as Narthecium ossifragum and Drosera rotundifolia.
Even in the vegetative state at other seasons, there wlll be visual
differences in terms of height and form contrasts between the

'grazed and ungrazed variants of the same community.

- LAND-USE HISTORY AND VEGETATION CHANGE

5.63

From Ordnance Survey maps and recent air photographs 3 zones of
decreasing intensity of agricultural use were identified in the
study areas, as ‘'farmland', ‘'moorland fringe' and ‘'moorland core'.

- The moorland fringe is of particular interest in the present study

because it is land which, in the past 200 years or so, has

‘ interchanged between moorland and farmland or forest (8.47-4.55),

From mapping the moorland fringe in each study area the types of
land which have been subject to this transition can be determined
by reference to the land classification. Table 5-13 shows the

. frequency with which moorland fringe occurs in different land types
- for the 12 study areas combined.




TABLE 5-13 LAND TYPES AND MOORLAND FRINGE

Land Type
Steep High Steep Upland Upland

ALl Hi11 Hill  platesu  Upland Upland o) atean Margin
Number of Grid Squares Containing
any 'Moorland Fringe' 574 40 24 11 154 02 68 185
Nunber of Grid Squares Containing
any 'Moorland Fringe' as a
Percentage of all Moorland —
Fringe Squares 100 7 4 2 27 16 12 32 he
Number of Grid Squares Containing
any 'Moorland Fringe' as a
Percentage of all Sguares in
the Land Type _ 19 7 4 3 33 33 21 38
Percentage of Land Type in the
12 Study Areas 100 18 18 11 16 9 11 16

—
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Moorland fringe occurs in 19% of the grid squares in the study
areas, although the actual area of fringe is about 8 500 ha or 11%
of the total area. About 60% of the moorland fringe is concentrated
in the steep upland and upland margin land types which occupy 32%
of the total area. In contrast the hill land group, with its more

. severe conditions, contains only 13% of the fringe although it

constitutes #8% of the study area. Thus the reclamation of moorland
for more intensive agriculture and forestry, and the reversion of
farmed 1land to moorland has, in the last 200 years, been
concentrated in particular land types.

The extent of moorland fringe in the study areas varies from a
minimum of 3% in Lunedale to a maximum of 28% in Llanfachreth
(Table 4-6). In individual areas there is a general correlation

. between land type proportions and the extent of fringe, but there
. are divergencies from the average brought about by natural factors

such as geology and by local social and economic factors in the
recent past. One approach to future change can assume that, where
the options for change have not been locally overridden, for

. example by comprehensive ~agricultural intensification, the "land

types in which gradual vegetation change .is most likely to take
place are, if past experience is followed in the future, steep
upland and upland margin. Alternatively (see 5.80) changes, which
could involve upgrading agriculturally the remaining heaths and

. rough pastures or the regression of former pastures towards heath,

may occur more widely.

In part of the moorland fringe, land which had for a time been

~ under relatively intensive cultivation as improved grassland has
- been allowed to revert towards semi~-natural vegetation. This

reversion commenced at different times and the evidence from
successive O5 maps and other sources allows ldentification of areas
which began their reversion in different periods. Thus, recording

. of the present vegetation at sites within these areas provides soine
' pointers to rates and directions of vegetation change " when

intensive agricultural management is withdrawn. Because there $ no
way of knowing exactly what the initial state or subsequent use .of
an area has been, only a broad idea is given of what could happen

- on other sites. By chance, some main-sites already recorded were in

land identified later from the map and photo analysis as moorland
fringe. Additional sites were recorded in 1979 from sites of known
periods of reversion in several study areas, with a few
supplementary sites from the historically well-documented (Parry
1976a, b) Lammermuir Hills in the Southern Uplands of Scotland, an

 area with much in common with parts of the study range.
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The vegetation classes at 137 sites in the moorland fringe were
identified, and the sites grouped into 6 categories on their period
of reversion, as shown in Table 5-14. Although age categories are
not jdentical between study areas, this grouping gives a reasonable
spread of sites over different reversion periods, From these data,
trends of change between vegetation groups can be considered. It can
be assumed that most of the sites when abandoned from intensive use
would have supported some form of improved pastures. When intensive
management ceased, these sites began a trend towards semi-natural
vegetation but they would mostly have continued to be grazed, at
unknown intensities,

The present distribution of vegetation groups at these sites, in
relation to the periods of reversion, is given in Table 5-1Sftwith,
for comparison, the distribution of vegetation groups at sites
which have remained moorland or farmland or have been reclaimed
from moorland in the fringe areas. Three features can be commented
on. Six of the moorland core sites and 14 in the reverted fringe in
fact support improved pasture, an anomaly which could result from
inaccurate mapping at some stage or from quite recent reclamation
or reversion. Second, a third of the sites reverted in the moorland
fringe, including some of apparently early reversion, are still

_rough pastures. It is 1likely that grazing pressures higher than

those typical of shrubby and grassy heaths will have been
maintained since reversion on these sites through preferential
grazing, if not actual intentional control. This higher grazing
pressure has either slowed the rate of vegetation succession or has
stopped the course of change at an intermediate stage (5.70). The
third point is that there is a clear dominance of rough pastures on
land which reverted during this century. Grassy heaths are
relatively more frequent at sites reverted in the latter half of
the 19th century. Shrubby heaths only occcupy as much as a third of
the sites when we reach the earliest reversion period, and then are
still only about equal to the proportion of grassy heaths.

Examining reversion trends in the mocrland fringe in more detail,
the data in Table 5~15 have been recalculated omitting the improved
pastures, and are shown in Figure 5-3. The sequence of change can
be interpreted as a time sequence as follows:

i, In the firat period of up to U0 years after reversion
(reversions between 1941-1978) the vegetation on about 40% of
the improved pastures has changed to rough pastures and a
further 40% has moved through rough pastures and developed
into grassy heaths, while the remainder has developed shrubby
heaths either directly or through a series of intermediate
stages.

* tabulated reclamation and reversion sites include some main sites

which fell in fringe orers
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TABLE 5-14 SITES RECORDED IN 1979 FROM MOORLAND FRINGE LOCATIONS
Period of Reversion to Moorland

ey e Don 00 Il 1008 0 o g0

' |
Alwinton 15 4 - - - 4 - 23 |
Lunedsale - 4 1 - 8 - - 13 i
Shap - - 2 7 ) 6 - 24
Brmséale 7 - - - - 4 - 11 ’
Llant%chreth - 4 - 2 2 8 2 18 {
Ysbyty Ystwyth - 2 - 10 - - - 12
Glascym - - 7 3 4 - - 14]
Widecombe - 7 - 1 1 - - 9
Non-s%:udy area: !
Lankermuirs 2 3 1 1 4 2 - 13




TABLE 5-15 LAND USE HISTORY AND VEGETATION GROUP FREQUENCY

V] Vegetation Grou
Land Use History Category E P

- 1
Improved Pastures Ro];gb Peatures Gra Heath Kumber of
esy Heaths Shrubby Heaths

Eites
Moorland Core 1 (6) 13 {78) 33 {188) 53 {(313) {585)
Moorlasnd Fringe: Reverted from Improved
Pasture
before 1800 4 (1} 2z (6} 41 (11) 33 [§:3] (27}
18011850 5 (1) 29 (7 33 [4-3] 33 (8) {24)
1851-1885 7 {1) 21 (3 8 (83 14 23 (14)
1886-1905 8 1) 23 (3 54 (7 15 (2 (13) -
b
1906-1840 8 (2) 50 (14) 21 (€) 21 (8) (28} [3)]
1941-1878 6 (1} 44 (8) 33 (€) 17 (3 (18}
Total 6 {7} 33 (41) 37 (46) 24 (30) (124}
Moorland Fringe: Reclaimed from Rough
Pasture 47 (14) 37 {11) 10 (3} L] (2 (30
Farmland 74 (165} 23 (51) 2 [4:3] ¢ (1 (223}

Date Bs % of. sites in history category, and as (pumber of sites)

1 For all study areas excluding Monyash, using main site and supplementsary site dets

2 As identified from successive (0.5. map editions and recent air photographs




FIGURE 5.3 THE CHANGE IN FREQUENCY OF ROUGH PASTURES, GRASSY HEATHS AND
SHRUBBY HEATHS ON LAND WHICH REVERTED FROM INTENSIV“
 AGRICULTURE DURING DIFFERENT TIME 'PERIODS.
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ii. The situation remains fairly stable over another 35 or so
years (reversions between 1906-1940).

iii. In the period 75 to 130 years after reversion (reversions
between 1851 and 1905) half of the earlier rough pastures
show a gradual development to grassy heaths, these heaths
representing about 60% of the vegetation on sites of this age
of reversion.

iv. Between 130 and 180+ years (reversion before 1850) dwarf shrub
species development on the grassy heaths increases and the
proportion of shrubby heath vegetation classes now reaches
35%.

5.70 This interpretation of a time sequence is one hypothesis, and

5.71

alternative interpretations could be made, but mechanisms which can
account for the slow sequence of events can also be suggested. The
fairly rapid initial change to rough pastures results from factors
such as the drainage deterioration that is possible on some sites,
a general leaching of plant nutrients to give lower fertility, and
the increased vigour and growth of native species that invade or
are already present in small quantities in the original sward in

relation to the relatively short life-spans of the introduced
improved pasture species. On the most naturally acid and readily
leached soils heath development can occur relatively rapidly as
grazing pressures are reduced. However, in general, because of the
regidual effects of former intensive management, grazing on the
reverted areas remains at a higher level than on surrounding
moorland. Sheep and cattle preferentially graze these sites and
sustain a more rapid circulation of nutrients through cropping the
vegetation and returning nutrients to the soil surface in their
dung and urine. Some sites gradually revert to grassy heaths at
rates depending on local conditions and grazing pressures. The
succession beyond these to shrubby heaths is very slow on most
sites, not only because of the grazing pressures but because the

development cof the very acid soil conditions required for dominance
by ericaceous shrubs is a very slow process.

Even after 180 years or 30 the sites on which improved pastures
were abandoned have not reached the vegetation group préportions of
the mocrliand core. This has 13% rough pastures, 34% grassy heaths
and 53% shrubby heaths, compared with the oldest reversions which
have 23, #2 and 35% of sites respectively in these groups. It has
to be considered, however, that the reverted areas may never reach
the composition shown by the moorland core because of slight
inherent environmental differencea in local conditions which, in
the first place, could have caused farmers to select areas for
improvement. There is no evidence for such differences but the
point would require detailed study to confirm or refute it.
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5.72 Evidence for individual study areas adds little of relevance to

5.73

5.74

local conditions to these generalised interpretations of historical
changes in vegetation in the moorland fringe, largely because the

. number of dated sites recorded in any one area is small. 1In

Bransdale 6 recorded sites in the moorland fringe show evidence of
pre-1800 ploughing on air photographs but have subsequently been
mapped as mcorland. Two of those asites are now under rough pasture
(class 8), 3 under grassy heath (class 16) and one is a shrubby

. heath {class 10}. Four sites of recent reversion fall in the same 3

vegetation classes. These classes are prominent in the core
moorland at Bransdale, so that reversion appears to be towards
vegetation found in the adjacent moor rather than to different
communities, although the time taken to reach a poasible end-point

~of reversion can be very variable between sites.

Reversion of improved pasture towards vegetation classes found in
the moorland core is also seen in Widecombe and in the Lammermuirs.
In Widecombe, of 8 sites for which there was evidence of early
reversion to moorland, 6 carried shrubby heath vegetation similar

| to that found in the local moorland core. The majority of the 13

sites recorded on reverted former pa~ture at historically
well-studied sites in the Lammermuir Hills hag grassy heatha or
rough pasture vegetation, similar to the prominent vegetation

~¢lasses of the adjacent moorland core,

SYNTHESIS OF THE EVIDENCE FOR DIRECTIONS OF CHANGE

The evidence for rates and directions of vegetation change has been
derived from observed associations of vegetation and environmental
characteristics, from ecological experience, from management
experiments and from historical map records in the study areas.
These lines of evidence have been combined to suggest in Figure 5-4
inter-relationships between groups and classes of vegetation,

: emphasising some principal changes which result from an increase or

decrease in management intensity, especially of grazing pressure.
Directions of change are in general reversible, although  the
detailed species composition is rarely immediately reproduced when
management is reversed. The direction of change under management is

. determined partly by particular site conditions, for example
‘whether its soil is initially well or poorly drained. These site

conditions are indicated on the diagram and may themselves be
modified by management, for example by drainage or liming, or by
natural processes of soil profile development under a vegetation
change. With the complexity of environmental and management factors
affecting vegetation that have been discussed, it is clear that the
summary presented in Figure 5-4 must be seen as a simplified

working hypothesis, based on current evidence, which clarifies main
trends.




FIGURE 5.4 THE RATE AND DIRECTION OF UPLAND VEGETATION CHANGE THROUGH NATURAL
SUCCESSION AND MANAGEMENT - A WORKING HYPOTHESIS
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5.75 With this cautionary note in mind it is considered that the main

vegetation groups of improved pastures, rough pastures, grassy
heaths and shrubby heaths can be relatively stable in terms of the
gradual changes this report is considering, retaining their general
character while their prevalent grazing and burning regime is
continued. Change in vegetation within these groups is essentially
through natural succession in response to such factors as
increasing acidity or increasing soil moisture as organic matter
accumulates at the surface. The general management characteristics
of the 4 vegetation groups and the courses of gradual Successional
change within each of them can be summarised as follows:

i. Improved pastures: These grasslands have been produced by
cultivation, reseeding and fertilising. Stocking densities
are high, usually of about T7-10 sheep per hectare. Some
variation in the vegetation of the initial pasture will
depend on local conditions but in most instances the recently
sown swards will be herb-rich Lolium grasslands (class i),
especially wunder the more favourable soil and climatic
conditiona. Sward composition changes with time in
approximately the succession shown, if there is no repetition
of a cultivation-fertilising-reseeding management as weed
species begin to expand or colonise. On wetter sites, if
drainage becomes gradually more impeded, rushes and thistles
will tend to increase, moving towards class 3, while bracken
may encroach on drier soils. Succession in vegetation through
the classes in the improved pastures under an agricultural
decline trend may take up to 20 years, but redevelcpment of
the initial swards and control of colonising weed species
througn repeated cultivations, reseeding, and lime,
fertiliser and herbicide application is the normal practice,
80 that the succession is usually truncated.

ii. Rough pastures: Grazing at about 4-7 sheep per hectare
maintains the rough pastures, the actual level depending on
sward composition which partly reflects soil fertility, the
Agrostis/Holcus grasslands (class 7) tending to be on more
fertile sites and the Festuca/Juncus grasslands (class 6) on
poorer sites. Successional changes between types of rough
pasture are complex but tend to be associated with gradual
increases in soil moisture and acidity. Thus Agrostis/Holcus
{(class 7) and Festuca/Agrostis (class 8) pastures occur

“mainly on relatively dry soils, associated with lower rainfall
and better drainage. Festuca/Agrostis grassland is the main
rough pasture at higher altitudes and a class which will
develop from Agrostis/Holcus pastures with time if soils
become more acid. With an increase in surface soil moeisture
through deterioration of soil drainage as a result of some
patural or management cause, rough pasture classes 7 and B
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would tend to develop to Agrostis/Juncus (class 5) and
Featuca/Juncus (class 6) grasslands respectively.
Festuca/Juncus pastures may also develop from Agrostis/Juncus
grassland if so0ils become more acid and organic matter
accumulates, the former class among the rough pastures having
been noted at the recorded main sites as being the one which
most frequently had peaty soils. These successional changes
would probably take decades to occur and could be promptly
reversed by the appropriate improvement of drainage and/or
liming. Scattered trees and bushes are present on many of
these pastures, so that scrub and woodland would develop
readily on them in most cases if grazing pressures were
sufficiently low.

iii. Grassy heaths: The grassy heaths are maintained by a grazing
pressure of about 2-4 sheep per hectare, and successional
changes between them and the shrubby heaths are also often
prevented by burning. The inter-relationships between the 3
classes in this group are not distinet but soil drainage tends
to be poorer on the Festuca/Nardus/Molinia heaths (class 16)
so that this class could only develop very slowly from the
other grassy heaths if and when surface soil conditions became
wetter. If the socil surface becomes sufficiently partially
exposed at suitable times then, at moderate altitudes, tree
seed could germinate from local sources in the absence of
grazing.

iv. Shrubby heaths: Burning, allied to a low grazing pressure at
levels of less than 2 sheep per hectare, is the principal
means of maintaining vigorous plant communities of the
shrubby heath classes. These heaths tend to be particularly
stable vegetation c¢lasses for 1long periods when under
consistent low levela of management. In so far as classes 10,
11 and 12 represent a succession rather than a response to
differing environments, then a trend through these would
follow the increasing development of more peaty soils and
permanent waterlogging. As in the case of the grassy heaths,
scrub woodland may become established at lower altitudes or in
drier sites where grazing and burning has been restricted, if
local tree seed sources, particularly of birch, rowan,
hawthorn or conifers, are available.

5.76 Before turning to the main courses of gradual change between

pasture and heath vegetation, it is as well to set the types of
change we are considering in perspective again. Particularly in
some study areas and in the more agriculturally favourable land
types in all the areas, in situations where the options for
improvement have not already been comprehensively taken up,
landscapes can still be dramatically changed by substantial
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programmes of grassland improvement involving major cultivation and
enclosure schemes. In much of the remainder of the middle altitude
Bround, extensive forestry plantings by state or private interests
are alsc drastically altering the upland scene and environment. The
8low rates of many gradual' changes, particularly during the
reversion succession from pasture to moorland, are clearly always
susceptible to interruption or reversal as a result of sharp
changes in land management policy. With reservations in mind about
the relative scale of gradual compared to direct changes and the
liability of the courses of gradual change to disruption, it is
possible to return to Figure 5-4 to consider its trends of change
between vegetation groups.

i. Improved pastures to or from rough pastures: With a
reduction in management intensity, particularly of grazing
pressure, the improved pastures, after moving through a
Succession within the group, will generally gradually revert
to communities classified ‘here as rough pastures, though local
30il characteristics and moderate grazing may delay this.
Generally a nove from vegetation of class 1
(Lolium/Holcus/Pteridium grassland) of the improved pastures
to rough pasture can take about 10 years and the type of
rough pasture which develops will depend on the 1local

. environment. It is not clear what is the succession sequence

 between individual improved and rough pasture classes.
Associations of vegetation classes and site characteristics in
the study areas suggest that on more fertile, drier sites,
nerb-rich Lolium grassland (class 4) may revert directly, or
via Lolium grassland (class 2), to Agrostis/Holcus rough
pastures {class 7) or possibly to Festuca/Agrostis grassland
(class 8). The latter may also be the main link from the
Lolium/Holcus/Pteridium grassland (class 1) at the end of the
| improved pasture succession,

ii. Rough pastures to or from grassy heaths: The reversion to
} rough pastures from improved pastures, and the succession
within rough pastures, is associated with a decrease in soil
PH, as 1lime i3 progressively leached naturally and not
replaced artificially. The grassy heaths have a still lower
average pH and, because of their greater tendency to peaty
surface horizons, are often wetter than the rough pastures,
Links between these groups at the wetter end of so0il
conditions tend to be from Agrostis/Juncus (class 5} and
Festuca/Juncus (class 6) grasslands to Festuca/Nardus/Molinia
heath (class 16), the actual vegetation change being
initiated by reduction in grazing pressure. Where grazing
pressure is reduced on: the drier rough pastures the
succession probably moves’' through Festuca/Agrostis grassland
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(class 8) to Festuca/Vaccinium heath (class 14). Evidence
from the experimental sites (5.49-5.62) indicated that, with
the exclusion of grazing on rough pastures, succession to
grassy heath vegetation can take less than 10 years in some
cases. Under more typical conditions grazing intensity tends
to Pe reduced rather than removed, sc that succession would
take much longer. An increase in grazing intensity on grassy
heaths can result in a trend towards rough pastures by
suppression of the dwarf shrubs and coarser grasses but often
a higher soil pH level is also required to encourage this
trend (5.31). At Redesdale Experimental Husbandry Farm (5.50)
the change from a Festuca/Nardus/Molinia heath (class 16) to
Agrostia/Juncus (class 5) and Festuca/Juncus (class 6) rough
pastures took place within 10 years, but in addition to
increased grazing pressure, various surface treatments were
also applied there, including liming to lower soil acidity.
Grazing pressure changes alone would be unlikely to show such
rapid effects,

iii. Grassy heaths to or from shrubby heaths: The interchange
between these groups of heath vegetation is determined mainly
by the effect on the survival of dwarf shrubs of a
combination of grazing and burning. A reduction in grazing
pressure allows the gradual expansion of dwarf shrub species
on grassy heaths but the process 1is usually very slow.
Festuca/Vaccinium heath (class 14) appears to develop towards
dry Calluna heath (class 13) in southern areas, but through
to Vaccinium/Calluna heath (class 10) in northern areas,
though the sampling is not sufficient to confirm this as a
geographical contrast. Reduction in burning on shrubby heaths
tends to increase vegetation diversity and allows, at lower
altitudes, development of scrub and woodland, given 1light
grazing pressure. At altitudes below about 400 m the dwarf
shrubs tend to be replaced by woodland if local seed sources
are sufficient; above about 400 m tree growth weakens and
dwarf shrubs may remain as the c¢limax vegetation, with
Calluna itself dropping out above about 700 m.

PREDICTIONS OF VEGETATION CHANGE IN THE STUDY AREAS

This final section of Part I discusses ways in which the balance
between the identified c¢lasses in the grassland and moorland
vegetation of the study areas may change. The individual accounts of
study areas that form Part II of this report include predictions of
possible changes in vegetation at recorded main sites as a result
of sustained agricultural intensification or decline over an
approximately 10-20 year period. The predictions are based on the
general ecological principles outlined in paragraphs 5.74-5.77 and
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Figure 5-U4. Since it has not béen possible to identify fully the
complex range of environmental and management factors which might be
involved in the future evolution of vegetation at each main site
individually, the principles of trends of change are applied
uniformly to all sites. Predictions of vegetation class changes are
thus broad forecasts of the probability of change over a series of
sites. The scale of agricultural intensification or decline on
which these predictions are based can only be put
semi~quantitatively. 'Intensification' in this  context assumes
upgrading present rough pasture areas to vegetation comparable to
that of the present improved pastures, with a parallel enhanced
stocking on the rough-grazed moorlands by an increase of around 50%
over the present stocking densities. Conversely ‘decline’ 1is
considered as reduction of stocking on the moorland by about 50%
from present levels, with a parallel but smsaller decline in the
level of use of the preaent rough grazings, while most of the.
present improved pastures are maintained. A comparison of the study
areas and a discussion of the overall picture that emerges from
these predictions occupies the firat part of this section
(paragraphs 5.81-5.88).

It 1is possible, as an alternative approach, to make predictions

-based on assumptions about the land-use potential of land types,

the distribution of which has been determined for the study areas.
These involve on the one hand an’assumed maximum intensification of
agricultural use, and on the other an assumed maximum extension of
forestry. This section concludes with consideration of these two
approaches (paragraphs 5.89-5.94 and 5.95-5.99 respectively).

It must be emphasised yet again that gradual changes of the types

outlined in this report are not the only, or in many situations

even the major, potential course of vegetation change likely in the
uplands. More direct measures for moorland change to grassland or
to forestry, or the conversion of remaining deciduous woodlands to
planted conifer forests, will have the most significant impact on
vegetation in many upland landscapes. It should also be appreciated
that the predictions of ochange now diacussed have been applied
uniformly to all sectors of the study areas. If the pattern of
land-use change that has occurred over the past 150 years were to
continue to decide the main location of vegetation change between
farmland and moorland then such change could be concentrated in the
identified, and limited, fringe sectors of the study areas, which
arg¢ themselves concentrated in some land types (5.64). Because it
is ‘not certain that future change will be 80 concentrated in the
historic fringe no attempt has been made .in these predictions to
treat sites or land sectors in or near to the moorland fringe

differently from those in the farmland or moorland oore parts of
the area.
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Predictions from ecological trends at main sites

In Table 5-16a the predicted numbers of recorded main sites are
shown that are likely to occur in each vegetation group after a
10-20 year pericd of agricultural intensification or decline.
Table 5-16b presents the same data in terms of percentages of sites
in each group in each area. Some changes would involve the
conversion of rough pastures to improved pastures by direct
management measures including cultivation and reseeding but the
majority are those which would follow gradually from alterations in
grazing pressure and associated intensity of land management. The
predictions, as well as being only broad probability assessments,
involve only transfers between pasture and moorland vegetation
classes. There is a high probability that under zerc or very low
grazing intensities, scrub woodland could be a short to medium term
product on former rough pastures and grassy heaths in locations
where seed sources are available.

Bearing these reservations in mwind, the overall picture which
emerges for predicted vegetation change in the study areas under
intensified agriculture could involve approximately a 60% increase
in the number of sites that are improved pastures (from 253 to 408
sites) and a U40% increase in the number of rough pasture sites
(from 155 to 216). The proportion of grassy heaths is predicted as
remaining almost stable (216 to 206 sites) but the proportion of
shrubby heath sites would fall by 65% (from 314 sites recorded in
1977-78 to a predicted 108 sites).

From the predictions of vegetation change consequent on a declining
agricultural effort in the study areas, the overall result could be
falls of 25% in the number of improved pasture sites (from 253
to 192 sites); of nearly 40% in rough pastures (from 155 to 96
sites); and of almost 45% in grassy heaths (from 216 to 122 sites);
balanced by a 70% increase in the number of shrubby heath sites
{from 314 to 528).

The summarised figures for all areas suggest the ranges over which
the present frequencies of widely distributed wupland pasture and
heath vegetation groups might vary in response to intensified or
reduced grazing pressures and their supporting' management
activities. Improved pastures could occupy between 20 and 43% of
the 938 recorded main sites compared with their present 27%; rough
pastures could occupy between 10 and 23% of the recorded sites (now
they occur at 17% of sites); grassy heaths could occupy between 13
and 23% of sites (now they occur at 23%); and shrubby heaths could
occupy between 12 and 56% of the recorded sites (now they occur at
33% of them).
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TABLE 5-16a NUMBERS OF MAIN SITES IN VEGETATION GROUPS AS RECORDED 1977/78
AND AS PREDICTED FOLLOWING AGRICULYURAL INTENSIFICATION OR DECLINE

Vegetation Group

Predicted Situation Predicted Situation
Situations in 1977 if Agriculture 1f Agriculture
Study Area or 1978 Intensifies, 10+ yrs Declipes, 10+ yrs i
a b c d : a b c d a b c d
Alwinton 3 a2 28 23 27 28 11 14 .} 0 22 53
Lunedale 1 ? 16 53 10 16 7 446 1 0 [] 69
Shap 22 18 a9 as 38 39 M 4 19 [} 13‘ ) 17 :
Brinsdale 10 10 3o 38 20 30 38 2 | ) ) 10 68
Heptonstall 17 8 7 38 25 7 18 19 14 4 ? 45
Monyash 81 11 0 0 72 0 ] [} 81 ] 3 4]
Llanfachreth 7 21 22 22 8 22 19 3 3 13 12 44 i
Yalyty Ystwyth 5 [} 22 ag . 14 22 0 19 i a 7 81
Glascwm 35 18 11 8 51 11 ] 0 19 321 11 a0 !
Yatradgynlainm 13 12 a7 18 23 27 17 1 9 5 11 45
Lynton 48 7 10 6 55 10 ' 0 7 15 3 16
Wideco;be i 28 15 4 23 . 43 4 28 4] 18 14 11 a2
Total - All Areas 252 7158 2186 314 408 216 208 108 192 ° 87 119 530

a =Elmproved Fastures
b = Rough Pastures
¢ = Grasay Heaths
d = Shruhby Heaths
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TABLE 5-18b PERCENTAGES OF VEGETATION GROUPS AT STUDY AREA MAIN SYTES, AS RECORDED
197T/7T8 AND AS PREDICTED FOLLOWING AGRICULTURAL INTENSIFICATION OR DECLINE

Yegetation Group

Study Area Improved Rough Grasey Shrubby
Pastures Pastures Heaths Hesths

Alwinton 27 38 a1
bk | 36 13 18
{80 mites) 3 ] 1} 27 a7
Lunedale 1 1 12 22 85
2 13 22 ? 58
(7% wites)} 3 1 [+ 12 8T
Bhap 1 19 14 4 a3
2 kE] 34 30 3
{116 sites) 3 17 E 11 &7
Bransdale 1 11 11 34 44
2 22 34 41 3
(88 aiten) 3 [] [} 10 78
Heptonatell 1 as 11 10 54
2 30 10 27 27
(70 siten) 3 20 8 10 [.1]
Monyash 1 88 14 L] L]
2 100 Qo
(T2 aiten) 3 88 10
Llanfachreth 1 a 31 31 30
2 30 k3§ 26 4
(72 nites) 3 4 17 18 61
Yabyty Yatwyth 1 ki 12 29 52
2 19 29 27 28
(75 mites) 3 1 8 10 Bl
Glascwa 1 47 22 18 14
70 18 14 0
(71 aitea)} 3 27 30 13 30
Yetradgynlais 1 20 17 k1] 25
K a7 36 24 1
{70 sites) 3 33 7 17 83
Lynten 1 as 10 14
H ki 14
(71 stites) 3 81 23 4 : 22
¥idecoabe 1 n 21 5 7
2 58 5 37 [¢]
(78 sitens) 3 24 18 18 42

1 Pearcentage of vegetation groups at sites racorded in each etudy sres, 1977 or 1978

2 Eatimated percentage of vegetation groups resulting from predicted changes at
vegetation mein sites caused by agricultural intensification, 10+ yra

3 Estimated percentage of vegetstion groups resulting from predicted changes at
vegetation mala aites caused by egricultural decline, 10+ yrs
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5. 85 In the predictions of gradual change resulting from intensified
. agricultural land-use, absolute increases in improved pasture
occurrences would be highest in Alwinton and Llanrachroth, followed
. by Shap, Glascwm, Widecombe and Ystradgynlais. Relative increases :
. would be highest in Lunedale, followed by Alwinton, Llanfachreth |
. and Ysbyty Ystwyth. Rough pastures would increase most in Shap, |
Bransdale, Ysbyty Ystwyth and Ystradgynlais but would fall notably
in Monyash and Widecombe. Grassy heaths would increass in Widecombe
. and Heptonstall but decline substantially in Alwinton and Lunedale
and less markedly but significantly in Ystradgynlais and Lynton.
Shrubby heaths would fall in all areas, only remaining at
significant levels in Lunedale, Heptonstall, Ysbyty Ystwyth and
Alwinton., Of these areas, only Lunedale would be expected to retain
more than 20% of sites as shrubby heaths.

5.86 If the 1level of agricultural use were to decline, then improved
pastures would be expected to decrease only very slightly in some
areas but by about 25% from the number of improved pasture sites
recorded in 1977-78 in Heptonstall, Lynton and Ystradgynlais, and
by greater amounts in Widecombe, Bransdale and Glascwm. Rough
pasture classes are predicted as disappearing from Alwinton and
Lunedale and decreasing significantly in all but Glascwm, Lynton
and Widecombe. In Widecombe, rough pastures are expected to remain
at about their present frequency at the recorded sites but they
would increase in Glasowm and Lynton. The greatest relative falls in
grassy heaths would occur in Shap, Bransdale and Ysbyty Ystwyth and
this vegetation group would increase only in Widecombe. In Monyash
grassy heaths would appear as a new minor component of the
vegetation range. The shrubby heath element would increase sharply
in all areas other than Lunedale, Heptonstall and Widecombe.

5.87 Although the predicted overall freqency of a vegetation group at
sites in a study ares may remain similar to that now found, the
locations at which it occurs are in most cases likely to change.
The majority of improved pasture classes and some shrubby heath
classes are the only ones predicted as being stable under the
changes in management intensity. Typically, for example, under
increased grazing and intensified management rough pasture classes
would be upgraded to improved pastures, while grassy heaths would
be modified to rough pasture vegetation. The scale of these
predicted changes in the landscape can be assessed by the
proportion of recorded sites that would change their vegetation
.grouwp in a study area. Table 5-17 gives this information. It shows
:that in general a larger humber of sites would change their
‘vegetation group if agriculture were to be intensified than if it
‘declined. Because under agricultural intensification the predioted
‘fall in the heath element is sybstantial, the overall :I.-pact. of
§:I.nt.enaifioation of agriculture is more conspicuous than " that
predicted from' agrioultural deeline in most upland landacnpes.
Intensification also leads to a more rapid rate of change, because
declining agricultural pressure gives a muoh slower reaction in the -

return from managed grassland towards shrubby  heaths.
I(B“ 5-67-5073) .




TABLE §-17 PREDICTED PERCENTAGE OF MAIN SITES THAT WOULD CHANGE THEIR VEGETATION
GROUP FOLLOWING AGRICULTURAL INTENSIFICATION OR DECLINE OVER 10-20 YEARS

Study Area All Areas

AL LU 88 BR HE MH LL YY GL YG LY wB Combined

Percentage of Sites

Predicted as Changing

their Vegetation 76
Group as a Result

of Intensified
- Agricultural Activity

41 75 86 47. 14 88 68 51 80 32 63 62

6ST

Percantage of Sites
Predi¢ted as Changing
their Vegetation
Group as a Result

of Decreased
Agricultural Activity

83 32 49 51 26 4 583 45 54 60 35~ 33" 42

Note: These percentages are calculated from standardised ecological assessments 0f change between classes
(Fig. 5-4), and not from consideration of actual land and mansgement situations in individual study
areas or at individual vegetation sites

~
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The contrast between the relative impact of agricultural
intensification or decline would be more marked in some areas than
others. This contrast is predicted as being particularly high in
Heptonstall and Widecombe (as well as in Monyash but in that area
the absolute scale of change predicted is insignificant due to its
intensive agricultural character). Levels of change may be similar
for different reasons. For example contrasts between the impact of
intensification or decline are small in Lunedale and Lynton but
this is because Lunedale is dominated by shrubby heaths of classes
assumed to be quite stable,: while Lynton is already dominated by
agriculture. The largest proportions of sites predicted as
susceptible to change are in Alwinton, Shap, Bransdale,
Llanfachreth and Ystradgynlais. It is curious that these are all
areas where other t(han ecological factors are likely to limit
actual changes from the potential predicted: Alwinton is to a
degree stabilised by its military training areas and Shap is in
part in a National Park. Bransdale is also in a National Park and
has a current land management that is directed specifically to the
maintenance of moorland, whilst Llanfachreth is in a National Park
and also has a strong base for forest expansion from existing major
forestry. Ystradgynlais, also in part in a National Park, has a
greater emphasis on open-cast mining and quarrying, and
afforestation, than on agricultural use of its moorland sector.

- Predictions from assumptions of land type potential

Following agricultural expansion

A different approach to predicting the extent of vegetation change
that could occur as a result of agricultural expansion can be made
through the land analysis of the study areas, and through
assumptions of the potential of 1land types for a makimum
agricultural or forestry bias in land-use.

Considering the agricultural option first, Table 4-3b has given the
representation in each study area of the 7 identified land types in
3 land groups - hill, upland and upland margin. A maximum expansion
of agriculture might, by increased pasture productivity, higher
stocking rates and asasociated management changes, utilise
relatively intensively 1003 of the upland margin land, 90% of the
upland and upland plateau and 60% of the steep upland. In the hill
land group, more intensive agricultural exploitation might be able
to utilise 30% of the hill land type and 20% of the high plateau
and steep hill types. This would expand agricultural use through
and beyond the previous 'moorland fringe' areas and involve some
modification of 'moorland core' land by increased and more
controlled grazing. Increased stock would be sustained by upgrading
present farmland, this often following farm structure modification
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and changes in stock management and housing. Further assumptions
(see 5.94 for reference to these) can suggest that in this
situation the possible proportions of the 4 vegetation groups could
be: in the hill 1land group 10% improved pastures, 10% rough
pastures, 50% grassy heaths and 30% shrubby heatns; in the upland
land group 50, 20, 20 and 0% respectively; and in the upland margin
land group 70, 30, ¢ and O%. The proportions in which the
vegetation groups were represented at main sites in the land groups
in 1977 or 1978 are given in Table 5-1. Using these assumptions and
the actual extent of each land group in each area it is possible to
calculate a suggested vegetation group frequency for each area as a
whole.

Table 5-18 compares the predicted frequency of vegetation groups at
recorded main sites following the general ecological trends just
discussed (5.79-5.88), with the prediction based on the extent of
land groups in each area and the assumed potential vegetation
composition in these groups if their maximum agricultural potential
was achieved. In the study areas as a whole both approaches are
seen to predict a similar balance of vegetation groups. In
individual areas there are contrasts between results from the two
viewpointa.

Under the land group assumptions of maximum agricultural potential,
Monyash and Lynton would have less, and Glascwm only slightly more,
improved pastures than recorded in 1977 or 1978, while in Alwinton,
Shap, Ystradgynlais and Widecombe the proportion of improved
pastures would be similar on the two predictions. Two
interpretations follow. One is that the assumptions made from land
type frequencies are potentially achievable and in practice have
been acnieved in some parts of the uplands of England and Wales.
The second 1is that the higher 1levels of agricultural 1land
utilisation that have actually been achieved locally in the uplands
are in part a response to features additional to those considered
in the land analysis. In some areas particularly favourable natural
environment factqers prevail and in others economic and social
historical factors have been important. For example in Lynton there
is a relatively good climate, while Monyash has benefited both from
its favourable geology and therefore soils, and also historically
through demand from local industrial markets. Glascwm is another
area of relatively favourable climate and soils that is seen to be
agriculturally utilised already at levels very close to those
predicted as ‘'maximum' in terms of the assumed agricultural
potential. In such areas, future agricultural expansion might
concentrate on obtaining greater productivity from land already
with agriculturally favourable vegetatioﬁ, rather than involving
principally change of the present heaths to pastures. Other study
areas could have substantial c¢hanges in their balance between
pastures and heaths, with increases in more agriculturally

desirable pastures, and decreases in semi-natural, less intensively
managed heaths.
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TARIE 3-18 COMPARISON OF PREDICTEIONS OF VEGETATION GROUP FREQUENCIES IN STUDT AREAS ON ;
ALTERFATIVE ESTIMATES FOLLOWING AGRICULTURAL INTENSIFICATION ‘

VYegetation Group

Improved Reugh Grasey Shrubby
Study Area Pastures Pastures Heaths Heatbs
ki - ‘
Alwinton 1 L] 27 3 n
s 33 3 18 18
2 a7 14 3 2t :
3 i
Lomedale 1 1 12 22 s I‘
i3 32 0 58
3 n 13 4 24 |
Shap 1 1 14 34 23
3 a3 3 30 s
» 34 15 as 18
Brassdsls 1 1 1 M 4
23 34 41 a ‘ !
3 49 ' 19 23 ] : i
Beptonstall 1 11 1 10 84 i
3 10 27 a7
48 19 25 s ‘
Monyssh 1 88 14 [ [
100 [ [ [
3 63 s0 17 P : }
Llsnfachreth 1 8 3 n 30 ;
@ n 28 '
3 50 n 20 ]
Tabyty Yetwyth 1 7 12 a» >
19 " ” 25
-] ’ 34 18 33 17
Glascwn 1 47 a3 18 14
70 18 14 0 ‘ |
3 81 20 % ‘
Yatradgynlais 1 20 17 38 28 !
37 38 24 1 ; |
35 16 23 . 18 i
Lynton ° 1 a8 10 14 [
2 7 14 [ :
3 87 23 17 4
i
Widecombs 1 ar 21 [ 87 ;
58 5 7 0
1] 21 10 ’ 4 |
|
All Arese 1 a7 17 2 2 %
2 4 23 23 1 :
3 e 18 27 13

1 Present (1877-78) parcentags frequenciss at main sites
3 Pradicted Irequencies st main sites after agricultural intenaificetion 10=-30 yre (Teble 5-10W) . i

Predicted overall vegetation balance in study areas sfter 'maximum' sgricultursal expmmsion, i
baned on awsumptions of the maximum potsntisl of upland types for sgriculture
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5.93 If Table 5-18 is simplified to combine 'pastures' and 'heaths' as 2

5.94

5.95

vegetation categories only, the two different predictions of
possible change if agriculture is intensified suggest a similar
balance emerging between heaths and pastures in Lunedale,
Llanfachreth and Ysbyty Ystwyth. Alwinton, Shap and Ystradgynlais
are all expected to have more pastures from the predictions, based
on ecological principles of change at recorded sites than from the
assumptions of land group potential. Both Shap and Ystradgynlais
are areas where geology is an important influence on vegetation. In
both the presence of limestone results in some existing vegetation
being of a higher grade agriculturally than is typical for the land
group. The explanation in the case of Alwinton is not clear.
Bransdale, Heptonstall and Widecombe would have substantially
higher pasture/heath ratios under the predictions based on land
groups than on those based on ecological principles of change from
existing vegetation at the recorded sites. 1t can be suggested that
this is because local historical and management reasons have
retained higher levels of heaths in these areas than in others of
comparable land type.

Following from the arguments presented in paragraphs 5.89-5.93 it
will be appreciated that estimates of change calcuiated for the
maximum expansion of agriculture depend on the assumptions of the
potential vegetaticn group composition possible in each land group.
These assumptions represent intensities of management which now
exist in areas where agriculture is well developed, eg Monyash,
Lynton and Glascwm. Thus general experience suggests that the
assumptions are a reasonable working hypothesis in relation to the
preSent balance of vegetation at sites in each 1land group
(Table 5-1). Despite the 1lack of a quantitative Dbase, the
comparison between these estimates of change and those derived from
possible ecological trends at individual sites is of interest as
the land group assumptions were not chosen specifically to give a
close match with the predictions based on ecological change at
recorded sites. The fact that the results are in a number of cases
similar, and that in others the divergencies can be explained,
suggests that the land group assmptions of potential may not be too
inaccurate. If this is so, then for areas for which a land analysis
has been carried out it would be possible to make broad assessments
of future potential for these U4 vegetation groups, in the absence
of present-day vegetation data.

Following forestry expansion

Although major expansion of forestry would involve direct instead
of gradual vegetation change, it is of interest to look beyond the
consideration of possible gradual changes that is the theme of this
study in order to assess what balance between forestry and
agriculture might emerge in the study areas. To make this
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‘assessment, assumptions have been wmade concerning the extent of

forestry that might be possible in each 1land group. These
assumptions are that intensive agriculture would be restricted to
the most productive wupland sectors, with most of the middle
altitude ground in the uplands going to timber <cropping for fuel
and raw materials, while the highest ground, above the 1limit of
reasonably economic tree groyth, became virtually abandoned from

'any significant level of productive cropping with farm stock. Such

assumptions would involve, as well as the direct transfer of some
pastures and heaths to forest, indirect modifications of the higher

‘altitude heaths as a result of this assumed disappearance of

livestock farming from them.

A case is being made for an expansion of forestry in the uplands
(eg CAS 1980), and argued against ( Ramblera' Assn. 1980). Such

':expansion was indicated in ITE (1978) as a probable major impact on

.the future of upland England and Wales ({(see Plates 11, 13 and
%especially 30 for the visual impact of forestry}. A practical plan
‘would not carry out a new wave of afforestation in the crude,

blanket way postulated here, but the assumptions made allow an
estimate of maximum likely vegetation change in the study areas
over 20-50 years as a result of an alternative management emphasis.
In this situation it is proposed that only upland margin land, as
classified here, would be entirely agricultural. To a 1lesser
extent, assumed as 50% of their area, upland and upland plateau
land types would retain substantial agriculture. Most of the steep

‘upland (say 75%) would be given to forestry. Of the hill land, only
the sectors below around 427 m (1 400 ft) would in general be
‘usable for productive tree cropping and would be given entirely to

this use, This altitude range occupies about #5% of the steep hill
land, 30% of the hill land, and 35% of the high plateau in the

‘study areas.

Vegetation in the upland margin and in the sectors of the upland
and upland plateau which, historically, have been favoured  for
%,agriculture (for example Monyash) would remain or become dominantly
improved pastures with limited rough pastures and negligible
‘heaths. In less agriculturally favoured upland sectors, land above

335 m (1 100 ft) and even much of that above 244 m (800 ft), would
be extensively tree-covered. In the hill land group, tree cover
would be virtually total below 427 m (1 400 ft) and only above
427 m would heath vegetation dominate. In the absence of an
accessible agricultural base to sustain moderate grazing
intensities, shrubby heaths would tend to expand at the expense of

;grassy heaths. How persistent ' these shrubby heaths would be in the
‘moderate to longer term, and whether, in the sectors of h111

immediately above the planted ground, scrub woodland would spread,

'would depend on whether a significant level of management of the

higher ground was maintained for such sporting use as could be
fitted in with the forestry-based enterprises.
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Approximate calculations can Le made as Lo the L.xely partition of
land in the study areas between unpiantable hnill, iand avallable
for forestry and farmeu land. The assessments which result from
these calculations are given in Tabie 5-1%, They indicate falls in
agricultural use in Monyash, Glascwm and Lynton. This is clearly
improbable, since existing effective agriculture would not be
abandoned and these areas would remain dominantly agricultural.
Bransdale, Heptonstall, Llanfacnreth and Widecombe would be about
equally concerned with agriculture and forestry. Alwinton, Shap and
Ystradgynlais would have forestry as their most prominent use. Only
Lunedale and Ysbyty JYstwyth would remain dominantly open hill
areas. Tne land predicted as appropriate toc agriculture, forestry,
and unplantable hill, calculated from the 'potential' columns in
Table 5-19, taking into account the size of each area, 1is, for the
12 areas combined, 30, )0 and 308 respectively. Adjusting these
figures to ensure that existing levels of agricultural land-use do
not fall in any area, these categories would comprise respectively
33, 37 and 30% of the 12 areas combined (746 km€), At present (ULS
data in Table 5-19) the extent of 'agriculture' and 'woodland' is
given as 21 and 10% respectively of the combined study areas. The
potential forestry extents calculated in Table 5-19 have assumed
that the upland margin land type would be used entirely for
agriculture. This land type is also a desirable location for
productive forestry and in some areas, for example Llanfachreth, is
already substantially afforested. The potential forestry area could
therefore. be greater than calculated here, if agriculture was not
given a favoured position. The extent to which forestry potential
could be increased with any particular allocation of upland margin
land to this use can be calculated for each area from the
proportions of upland margin land given in Table 4-3b and the total
extent of each area given in Table 1-1.

A comparison of the extent of ‘'agricultural' use of the study
areas, as assessed by the percentage of pasture vegetation in the
sites recorded 1in this study; as predicted on the ‘'maximise
agriculture' hypothesis; and as predicted by the "maximise
forestry' hypothesis, is given in Table 5-20, along with the actual
agricultural use as a=ssessed by ULS. Omitting Monyash, Glascwm and
Lynton, it is of interest that even under the 'maximise forestry'
assumptions, Heptonstall, Llanfachreth and Ysbyty Ystwyth could
also slightly increase, and Bransdale substantially increase, their
extent of pasture vegetation. Bransdale particularly has the
theoretical possibility of substantial modification of its
vegetation pattern with the virtual disappearance of its present
high proportion of heaths, if other considerations were ignored.
The changes in the frequency of improved and rough pastures in each
study area, again omitting the 3 anomalous areas, would range
between increases of 8 to u46% on the ‘'maximise agriculture'
strategy, and between a reduction of 21% and an increase of 23% on
the 'maximise forestry' strategy.




TABLE 5-19  ESTIMATES OF MAXIMUM POTENTIAL FORESTRY LAND IN THE STUDY AREAS

Land Potential (as Percentage of Study Area)1

Study Area Unplnntable2 Forestry Land . Agricultural Land )
'Potential’ 'Potential’ Present 'Potential’ Present
Alwinton 30 58 18 (17 12
Lunedale 76 12 1 13
Shap 35 42 3 () 23 26
Bransdale 2 53 ] (8 45 22
Heptonstall ' 10 50 6 (L 40 20
Monyasha o 45 1 55 93
Llanfachreth ' 20 ’ 31 33 (30) 49 ‘ 17 5
Ysbyty Ystwyth 50 25 8 (8) 25 13
Glascwm® 20 35 4 (@) 45 59
Ystradgynlais 30 42 11 (8) 28 18
Lyntond 0 45 8 55 58
Wideconmbe | 8 39 8 (3) 55 42

'Potential’ calculations based on the assumptions of 5.96

2 Present forestry from ULS statistics as total woodland (conifer plantations); present agriculture from ULS
statistics; Potential 'uplantable' land as 100 - (potential forestry + agriculture)

3 Study areas where current agricultural use is dominant and likely to survive preferentially even in a high
forestry strategy




TABLE 5-20 ESTIMATES OF POTENTIAL 'AGRICULTURAL' LAND IN THE STUDY AREAS

Percentage of Agricultural Land in each Study Ares

Present Situation Potential Agricultural Land
Study Area On Maximise Agricultured On Maximise Forestry®
1 2 Assumptions Assumptions

Alwinton § 33 41 i2

Lunedale 8 i3 34 13

Shap 26 33 49 23

Bransedale 22 22 68 45

Heptonstall 20 36 a7 ' 40

Monyash 23 100 83 55

Llanfachreth 17 39 71 49 &
Ysbyty Ystwyth 13 19 50 25 b
Glascwm 58 70 71 45

Ystradgynlais 16 37 51 7 28

Lynton 58 78 79 85

Widecombe 42 58 77 55

As percentage of study area from ULS statistics
2 As percentage of recorded vegetation sites 1977 or 1978, that are improved or rough nrastures

Potential percentage of recorded vegetation sites that would be improvod or rough pastures on
assumptions of maximum agricultural potential of land types (Table 5-18(3))

4 Potential percentage of land in intensive agriculture (supporting improved or rough pastures)
on assumptions of an agriculture-forestry balance according to land types (Table 5-19)
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With these speculations, the general considerations of wupland
‘farmland and moorland vegetation in relation to its controlling
factors and its potential for change are completed. Part II looks
at the situation in individual study areas in more detail.

CONCLUSION

Vegetation class frequency at recorded main sites has been analysed
in relation to land type distribution and to land characteristicsa.
Hill land is dominated by heath vegetation (92% of sites sampled in
this group have heath vegetation classes), upland land has a wide
range of pasture and heath classes in comparable quantity, and
upland margin land has only limited heath vegetation (only 10% of
sites sampled in this group now are heaths). Examination of the
detail of this broad familiar pattern displays particular facets of
land-vegetation associations. The relationship between site land
characteristics and vegetation class allows identification of the
classes most widely represented at sites of particular character in
the study areas. By extrapolation from the associations found, it
is possible to suggest the most likely alternatives that might
occur iIf present vegetation at a site of known land character
were to be modified by management.

ieneral experience, supported by information from the few suitable
experimental sites (Hill Farming Research Organisation, Ministry of
hgriculture and Nature Conservancy Council) outside the study
areas, has allowed a table to be drawn up summarising the impacts
of burning, grazing control, minor drainage, and limited surface
lime, fertilizer and herbicide applications on 35 plant species
that are prominent in the moorland-grassland vegetation classes or
are common scrub woodland trees and shrubs. This evidence for
directions and rates of species change is used to prediet trends of
change between vegetation classes.

|

|

Over approximately the last 150 years, alterations in land-use
between moorland and farmland are found to have been concentrated
in an identifiable area of 'moorland fringe’, covering about 11% of
the total study areas, mainly in the steep upland and upland margin
land types. Within the moorland fringe, 30% is land that has
reverted from agriculture to moorland, and 54% and 16% respectively
are land reclaimed from moorland for forestry or agriculture.
Examination of sites of known age of transfer from moorland to
pasture or vice-versa shows that marked visual changes in
vegetation can occur within a decade through intensified
agricultural management, especially as a result of increased
grazing and frequent burning. Changes in the reverse direction that
resuit from decreased agricultural use of former pastures are much
slower. When abandoned grasslands change towards the shrubby heaths
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that are most characteristic of undisturbed moorlands, their plant
communities c¢an have failed to revert to shrubby neatns and be
still in the process of change 100 years and more after an
alteration in their management regime.

By extrapolation from the relatively recent past, it could be that

the visual character of upland vegetation will alter, so far as
alteration is dependent on gradual change, mainly in the localised
and identifiable upland sectors of the moorland fringe of the past

‘150 years or so. Although this may well be so, there is no certainty

that the very different technical and economic conditions of upland
farming today wlll constrain land-use in the same way that it has

"~ in the recent past. In order to assess the maximum scale of changes

that could occur, ecological trends between pasture and heatn
classés can be applied to the current situation at recorded sites in
standard ways, following assumptions of general intensification or

~ decline in agriculture that are very approximately based on

~ 'increases or decreases of 50% above or below present livestock

 5.105

numbers. Doing this for the study areas, and assuming that change
could in the future affect sectors outside as well as in the
identified recent moorland fringe, allows calculations to be made
of the potential overall scale of vegetation change likely at the
recorded sites. If agriculture 1s intensified, the percentage of
sites at which the vegetation group is predicted as changing could
vary between 15% (in the already intensely agricultural Monyash)
and 88% {n Llanfachretn, wnich is at present vegetationally the

 most diverse area. If agriculture were to decline, then the

proportion of sites which could change their vegetation group would
be lower, from 4% (again in Monyash) to 63% in Alwinton.

An alternative prediction of possible changes: through utilising
land types to an assumed agricultural maximum c¢an be got from
knowledge of the extent of land types in each area and by making
assumptions about the potential frequency of the U4 vegetatiorn
groups in these types under such circumstances. The overall figures
for the 12 areas combined suggest in these cases a potential of 43%
improved pastures, 18% rough pastures, 27% grassy heaths and 12%
shrubby heaths, comparsd to the distribution of these groups at
sites recorded in 1977 or 1978 of 27, 17, 23 and 33% respectively,
Predictions of vegetation group frequency following agricultural
intensification are of a similar order from the 2 approaches; that
based on potential change at individual recorded sites and that
based on assumed proportions of vegetation groups 1in land types

‘which are of known extent in each area.




5.100

5.107

5.108

Finally, in the light of published views that forestry development
will be the probable main cause of major upland change in the
futur'e, consideration has been‘ turned from gradual change betueen
lhoorland and farmland, to what might be a land-use balance in the
study areas if forestry were to be expanded to a potential maximum.
This balance has been calculated from simple general assumptions of
the forestry potential of Jand types and altitude zones, while
retaining agriculture in the  most favourable upland wmargin and
ppland sectors. The outcome oﬂ' these assumptions is that, for the
12 study areas comblned, farmland could occupy 33% of their area
(ULS data now show this to be 21%); forestry 37% (ULS data for
woodland and planted forest now give these 10%); and unplantable
hill the remaining 30%. '

Although the large scale of changes suggested by these alternative
bredictions represent suggestions that can be made from this study
of the maximum vegetation changes likely wunder alternative
hypotheses of future land use, the ULS assessments of farmers' and
landowners' intentions in the short-term indicate that in most
areas the results will be nobhing like so extreme over the next 20
years or so. Economic conditions may preclude any massive input of
resources into agricultural or forestry expansion while social
considerations will still sustain the level of farm and other
upland land management that exists today. It may well be that in
the short-term the most likely outcome will be that the pr-esent.
broad farmland-moorland pattern will continue in many ar-eas with
only minor fluctuations around the historiec moor-land edge. while
slow changes continue over the more climatically favourable 3ectors
of moorland ccore. T

An opportunity to follow the ‘actual .course of [future evgnts fis
given by the record of vegetation in 1977, 1978 or 1979 at over
1 C00 sites in the 12 study areas. These sites, or a selection of
them, could be re-recorded at intervals to answer such questions
as: how far are the predictions of possible massive vegetation
changes confirmed? Are major cultivation and/or afforestation
qhanges overriding any impact of the gradual vegetatlon changes
that result from minor management amendments? Is ,tl'.:: ¢ moorland
fringe that has been the focus of change over the uﬁq-ﬁge—e-he-s 150
years still the sector in which change is concentrated? At what
rate is moorland vegetation disappearing? To answer other
questions, for example relating to bracken expansion or reduction
or the re-creation of heather moorland more rapidly than is brought
about by the natural course of <change following pasture
abandonment, will invelve experimental contirol in sites within the
study areas or where more appropriate, elsewhere. Until an adequate
period of monitoring is possible from an unequivocal baseline such
as has been provided by the comprehensive listing of plant species
at sites which can be stratified in various environmental and
management ways, supported where possible by experimental
management data, the predictions of courses, rates and scale of
change outlined here will remain untested and speculative.
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'many farmers and landowners who allowed access to their land. |




173

7 REFERENCES

ATHERDEN, M.A. 1972. A Contribution to tne Vegetation and Land-Use
History of the Eastern-Central North York Moors. Unpublished
PhD thesis, University of Durnam, 301 pp.

ATHERDEN, M.A. 1976. The impact of late prehistoric cultures on the
vegetation of the Nortn York Moors. Trans. inst. Brit. Geog.,
1, 284-300.

ATHERDEN, M.A. 19/9. Late Quaternary vegetational history of the
North York Moors VII. J. Biogeog., 6, 63-83.

BACHE, B.W. 1979. Soil Reaction, in Encyclopedia of Soil Science,
Pt I, edited by R.W. Fairbridge and C.W. Finkl, 487-492.
Academic Press.

BALL, D.F. 1975. Processes of soil degradation - a pedological
point of view. In: The Effect of Man on the Landscape - the
Highland Zone, edited by J.G. Evans, 5. Limbrey and
H. Cleere, 20-27. Research Rept. 11, Council for British
Archaeology.

BALL, D.F. 1978. The soils of wupland Britain. In: The Future of
Upland Britain, Vol. l1I. 397-416, CAS Paper 2, Centre for
Agricultural Strategy, University of Reading.

BaLL, D.F., MEW, G. & MACPHEE, S.W.G. 1309. Soils of Snowdon. Field
Studies, 3, 69-107.

BAYFIELD, N.G. 1980. Replacement of vegetation on disturbed ground
near ski 1lifts in tne Cairngorm Mountains, Scotland.
J. Biogeog., 1, 249-200. :

BIRKS, H.J.B. 1973. The Past and Present Vegetation of the Isle of
Skye - a Palaececological Study. Cambridge University Press.

BRITTON, J.M. 1974. Farm, Field and Fell in Upper Teesdale,
1600-1900; a Study in Historical Geography. Unpublished MA
thesis, University of Durham, 201 pp.

BUNCE, R.G.H. (in prep.) Key to the Vegetation of British
Woodlands. ITE, Merlewood.

CAS 1978. The Future of Upland Britain. CAS Paper 2, Centre for
Agricultural Strategy, University of Reading.

CAS 1980. Strategy for the U.K. Forest Industry. CAS Report No. 6.
Centre for Agricultural Strategy, University of Reading.
CLAPHAM, A.R., TUTIN, T.G. & WARBURG, E.F. 1962. Flora of the

British Isles, 2nd edition. Cambridge University Press.

COLE, G.D.H. (editor) 1959. A Tour through England and Wales, by

Daniel Defoe, Vol. 2. London: Dent.




174

COUNTRYSIDE COMMISSION 1iy74. New Agricultural Landscapes. CCP 76,
Countryside Commission, Cheltenham.

CRUMP, W.B. 1938. The little hill farm. Halifax Antiquarian Society
Papers, (no volume number), 115-196,

DAFS/NCC 1977. A Guide to Good Muirburn Practice. Department of
Agriculture and Fisheries for Scotland and The Nature
Conservancy Council, 44 pp. Edinburgh: HMSO.

DALE, J. 1973. Sheep grazing experiments in Snowdonia. Nature in
Wales, 13, 229-234. ‘ "

DAVIES, G. & TURNER, J. 1979. Pollen diagrams from Northumberland.
New Phytol., 82, 783-804.

DAVIES, M.H. 1979. Surface Improvement of Hill Grazing, 1976-78,
Redesdale Experimental Husbandry Farm. Unpublished Rept.
RD/79/1, Ministry of Agriculture, Fisheries and Food.

DAVIES, T.H. 1980. Hill 1land improvement. ADAS Quart. Rev., 36,
47-59.

DODD3, M.H. (editor) 1940, A History of Northumberland, 15,
405-453. Reid, Newcastle.

EEC 1975. Concerning the Community List of Less-favoured Farming
Areas within the Meaning of Directive 75/268/EEC (United
Kingdom). European Economic Community, Council Directive
75/276/EEC.

ELGEE, F. 1912. The Moorlands of North-east Yorkshire, 361 pp.
Brown, London.

EVAN3, D.F., HILL, M.O. & WARD, S.D. 1977. A Dichotomous Key to
British Sub-Montane Vegetation. Bangor Research Station
Occasional Paper 1. ITE, Bangor.

EVANS, J.G., LIMBREY, S. & CLEERE, H. (editors) 1975. The Effect of
Man on the Landscape - the Highland Zone. Research Rept. 11,
Council for British Archaeology.

FLEMING, A. 1978. The prehistoric landscape of Dartmoor, Pt. 1:
South Dartmoor. Proc. Prehist. Soc., 44, 97-123.

FOGWILL, E.G. 1954. Pastoralism in Dartmoor. Trans. Devonshire
Assn., 86, 89-114,

GARNETT, F.W. 1912, Westmorland Agriculture, 302 pp. Wilson,
Kendal.

GAWNE, E. 1970. Field patterns in Widecombe parish and the Forest
of Dartmoor. Trans. Devonshire Assn., 102, 49-69.

GAWNE, E. & SOMERS COCKS, J. 1968. Parallel reaves on Dartmoor.
Irans. Devonshire Assn., 100, 277-291.

GIMINGHAM, C.H. 1972. Ecology of Heathlands, 266 pp. Chapman and
Hall,

GRANT, S.A., LAMB, W.I.C., KERR, C.D. & BOLTON, G.R. 1976. The
utilisation of blanket bog vegetation by grazing sheep.
Jd. Appl. Ecol., 13, 857-869.




175

GREGORY, S. 1470. Regional climates. In: The Climate of the British
Isles, edited by T.J. Chandler and S. Gregory, ch. 5, 330-342.
Longmans.

HANSON, T.W. 1920. The story of Old Halifax, 286 pp.
S.R. Publishers (reprinted 1968), Wakefield.

HARDING, R.J. 1978. The variation of the altitudinal gradient of
temperature within the British Isles. Geogr. Annlr. A., 60,
1=2.

HARDING, R.J. 1979. Altitudinal gradients of temperature in the
Northern Pennines. Weather, 34, 190-202Z.

HARLEY, J.B. The Ordnance Survey and Land-use Mapping. Historical
Geography Research Series 2, 58 pp. Geo Books, Norwich.

HARRIS, H. 1968. The Industrial Archaeology of Dartmoor, 239 pp.
David and Charles, Newton Abbot.

HFRO 1979. Science and Hill Farming: 25 Years of Work at the Hill
Farming Research Organisation, 1954-1979, 184 pp. HFRO,
Edinburgh.

HILL, M.0. 1973. Reciprocal averaging: an eigenvector method of
ordination. J. Ecol., 61, 237-249.

HILL, M.0., BUNCE, R.G.H. & SHAW, M.W. 1975. Indicator species
analysis; a divisive polythetic method of classification, and
its application to a survey of the native pinewoods of
Scotland. J. Ecol., 63, 597-613.

HILL, M.0. & EVANS, D.F. 1978. The vegetation of upland Britain. In:
The Future of Upland Britain, Vol. II, 436-447, CAS Paper 2,
Centre for Agricultural Strategy, University of Reading.

HODGSON, J. 1828. A History of Northumberiand, pt III, vol. 2,
171-242.

HORRILL, A.D., DALE, J. & THOMSON, A. 1978. Asulam, its Effects on
Selected Plants, Plant Communities and Animals. NERC contract
HF 3/03/69, unpublished report to NCC.

INSTITUTE OF GEOLOGICAL SCIENCES 1957. 'Ten-Mile' Map, sheets 1
and 2, 1:625 000. Ordnance Survey.

INSTITUTE OF GEOLOGICAL SCIENCES 1977. 'Ten-Mile' Map, North and
South Sheets {Quaternary) 1:625 000. Ordnance Survey.

INSTITUTE OF TERRESTRIAL ECOLOGY 1978. Upland Land-Use in England
and Wales. CCP 111, 140 pp. Countryside Commission,
Cheltenham.

MCDONNELL, J. 1963. A History of Helmsley, Rievaulx and District,
472 pp. Stevengate Press, York.

McVEAN, D.N. & RATCLIFFE, D. A. 1962. Plant Communities of the
Scottish Highlands. Monograph 1, The Nature Conservancy. HMSO.

METEOROLOGICAL OFFICE 1975a. Maps of Mean Number of Days of Snow
over the United Kingdom, 1941-1970. Climatological Memorandum
T4. Meteorological Office.




176

-METEOROLOGICAL OFFICE 1975b. Maps of Mean and Extreme Temperature
over the United Kingdom, 1941-1970. Climatological Memorandum
73. Meteorclogical QOffice.

METEORCLOGICAL OFFICE 1977. Maps of Average Annual Rainfall,
1941-1970, 1:625 000 scale. Meteorological Office.

MILES, J. 1979. Vegetation Dynamics, 80 pp. Chapman and Hall.

HMILLER, G.R. & WATSON, A. 1974. Heather moorland: a man-made
ecosystem. In: Conservation in practice, edited by A. Warren
and F.B. Goldsmith, 145-166. Wiley.

MINISTRY OF AGRICULTURE, FISHERIES AND FOOD 1976. Agricultural Land
Classification  Maps.  1:250 000  scale.  Ministry  of
Agriculture, Fisheries and Food.

MORGAN, C. 1959. The Effect of Parliamentary Enclosure on the
Landscape of Caernarvonshire and Merioneth. Unpublished MSc
thesis, University College of Wales, Aberystwyth, 247 pp.

NEWTON, R. 1972. The Northumberland Landscape, 92-94. Hodder and
Stoughton, .

ORWIN, C.S. 1929. The Reclamation of Exmoor Forest, 172 pp. Oxford
University Preas.

PARRY, M.L. 1972, Changes in the Upper Limit of Cultivation in
South-east Scotland, 1000-1900. Unpublished PhD thesis,
University of Edinburgh, 2 vols. 459 pp.

- PARRY, M.L. 1976a. The abandonment of upland settlement in Southern

Scotland. Scott. Geog. Mag., 92, 50-60.

PARRY, M.L. 19T76b. The mapping of abandoned farmland in wupland
Britain: an exploratory survey in south-east Scotland.
Geog. J., 142, 101-110.

. PARRY, M.L. 1977. Mapping Moorland Change: a Framework for Land-use

: Decisions in the Peak District, 23 pp. Peak District National
Park, Bakewell.

PARRY, M.L. 1978. Climatic Change, Agriculture and Settlement,
214 pp. Dawson-Archon Books.

- RAISTRICK, A. 1970. West Riding of Yorkshire, 191 pp. Hodder and

‘ Stoughton.

 RAMBLERS' ASSOCIATION 1980. Afforestation: The Case Against

; Expansion. Ramblers'Association, London.

" RAWES, M. & HEAL, 0.W. 1978. The blanket bog as part of a Pennine

moorland. In: Production Ecology of British Moors and Montane

Grassliands, edited by Q.W. Heal and D.F. Perkins,

3 Springer-Verlag.

. RAWES, M. & HOBBS, R. 1979. Management of semi-natural blanket bog

5 in the Northern Pennines. J. Ecol., 67, 789-807. .

SOIL SURVEY OF ENGLAND AND WALES 19T4. Soil Map of England and
Wales. 1:1 Q00 000 scale. Soil Survey, Rothamsted
Experimental Station.




177

SPRATT, D.A. & SIMMONS, 1I1.G. 1976. Prehistoric activity and
environment of the North York Moors. J. Archaeol. S8ei., 3,
193-210.

STEVENS, P.A. 1978. Viable Seed in Soils of Upland Forests, 1,
Pilot Experiment in Gwydyr Forest. NERC contract F3/03/78,
unpublished report to NCC,

TAYLOR, J.A. 1978. The British upland environment and its
management. Geography, 63, 338-353. '

THOMAS, C. 1965. The Evolution of Rural Settlement and Land Tenure
in Merioneth. Unpublished PhD thesis, University College of
Wales, Aberystwyth, 260 pp.

TINSLEY, H. 1976. Cultural influences on Pennine vegetation with
particular reference to North Yorkshire. Trans. Inst. Brit.
Geog., 1, 310-322.

WALKER, M.F. & TAYLOR, J.A. 1976. Post-neclithic vegetation changes
in the western Rhinogau, Gwynedd, north-west Wales. Trans.
Inst. Brit. Geog., 1, 323-345.

WATSON, J. 1775. The History and Antiquities of the Parish of
Halifax, 8-9. Lowndes, London.

WELSH AGRICULTURAL LAND SUB~-COMMISSION 1955. Mid-Wales
Investigation Report. Cmd 9631, HMSO.

WHITAKER, A.H. 1969. Coal mining in Bransdale and Farndale in the
18th century. Ryedale Historian, 4, 55-63.

WILD, M.T. 1972. An Historical Geography of the West Yorkshire
Textile Industries. Unpublished PhD thesis, University of
Birmingham, microfilm.




178

8 APPENDIEES

APPENDIX 1

Comparison of the.Maigfsite Vegetation Clasgsification with that of
Evans, Hill and Ward (1977)

The vegetation classes given in ISA analysis of the main site data

- using species presence {(Chapter 3) can be compared with those of the
submontane vegetation classification of Evans, Hill & Ward (1977) (EHW).
Their classification was based on 1502 vegetation records, some of
which were collected specifically for the project and others abstracted
from existing data sets collected for other purposes. Data were thus
available for most upland areas in England, Wales and the Bouthern Uplands
of Scotland, though some were more intensively sampled than others. '
The range was limited to semi-natural vegetation and included a high
proportion of records from limestone sites. Recording was based on & 4 m?
quadrat size and consisted of a complete listing of vascular plants occurring
within it, together with a Domin scale cover abundance estimate.
Analysis of the data was by ISA (Appendix 4), using & combination of
species presence and cover data in the analysis. The EHW results are
presented as 26 groups (19 acidic and 7 limestone assemblages) resulting
from amalgamation of 64 end-groups generated by the computer analysis.
These groupings were relatable to plant associations described by other
authors (eg McVean & Ratcliffe 1962, Birks 1973).

‘Equivalent groups derived from EHW have been scught for the vegetation
classes of the grassland-moorland range based on species presence recognised
in the present study (Chapter 3). The improved pasture classes (1 to 4} have
no equivalence in the earlier classification, since the stands used

for this did not include any improved grassland types. '

In 2 instances there is coincidence, group for class, between the divisions
of the 2 classifications. The coincidents are:

a. shrubby heath class 13, Calluna, with EHW group 23 "Chllunetum
vulgarie cinereae";

b. grassy heath class 15, Fbstuca/Nhrdus/thczntum, with EHW
group 16 " Rardo-Juncetum squarrosi”.

The first of these containg very distinct assemblages with Calluna vulgaris
dominant, at a constancy level of 80%., In the second ingtance there is

again a good matching of the principal constituent species in the 2 groupings,
all of which show constancy levels of between 40 and 80%.

For the 10 remaining classes of the classification given here there is
overlap with EHW in their general character but the divisions hetween them
are not placed identically in terms of species composition in the 2
classifications. However, there are no glaring incongruities and the
classificatory divisions which have been derived from these 2 sources

share common ground with respect to component species and dominants. The
overlap is probably at leagt im part attributable to the large differences
in quadrat sizes employed. In the grassland-moorland upland vegetation
classification of the study now reported a large (5000 m 2) quadrat was used,
since the project was concerned with landscapes involving relatively large




! 17

: ‘ |
!

Areau. rather than with the detail pf local vegetation in small plots,
The aubnontnne vegetttion gstudy used data from 4 w? size quadrate. Th
largér area of the 5000 »2 quadrat will ususlly include within it
pockets of vegetation variation whi¢h would include more than one of the
groupings ddrived from the submontane grassland key. It would be
possible to explore this overlap further from the data for smaller quadrat
sizes in the present records, but this has not been necesaarj:fdr.tﬂe.
purpcse of this report. Agein the inclusion in the EEW data: of cover
with species presence information is alsc bound to affect the Ielectiou
and location of diviasions between ¢ lllel.

Equivalent cjllues (Chapter 3) and roupl (EHW)

| !
Grasdland—loprllnd Vegetation % EHW Submlnntane Vegetation
Classification [ Classification
Class 1  Lolium/Holeus/Pteridium | na
grassland '
Class 2 Lolium grassland ne
Clase| 3  Lolium/Trifolium grassland | na
Class| 4 he‘b-rich Loliwm gressland na
Class 5 Agﬂvatia/vuncus grassland overlaps ~ Group 8 Jﬁncetum—ef?#ai
c1as|is Featuoa/Juncus grassland ? overlaps - Group 8 Juncetum-ef; et
CIass;7. Agrbstis/ﬂblaus grassland overlaps - Group 7 ThQM§ﬂ4 etg ~
! _ estuce
Clasg |8 Festuca/Agrostis grassland overlaps - Group 18 Trifolio-Agrosto~
| Fegtuce
Class 14 Festuca/Vaceinium heath ‘overlaps - Group 25 Fﬁstuaeto-
- vucctnetum nardogwn
Class 18 Festuoca/Nardus/Vaceinium = Group 18
heath Nardo-Jimeetum squarrogi
Class 16 Festuca/Nardus/M1linia overlaps - Group 20 Festuco-molintetum
: heath Anthomntihoam
Class B C&ZZuna/hblinia/vhccinium closest to ~ Group 12
heath Molinteto-Calluretum
Class 10 Vacainium/Calluna heath over:apu ~ Group 24. Fcétuaeta- ‘
| vacoinetun| Pteridosun
Class 11 Nardue/Sphagwum/Calluna overlaps - Group 9 Sph&gnei:o—car etum
heath ‘sub-alpi
| i
Class 12 Eriophorum-Calluna heath overlaps - Group 18 Calluneto- !
ﬂ i . Briophoretum myrtzlloat%
Class ia aaZZPna heath = Group 23,
; , Callunetwm vngarws aznereae
|
1
L
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APPENDIX 2

Plant .Species Recorded at Main Sites

The reference numbers before the species, which are listed in alphabetical
order, with mossee in alphabetical order at the end, are those used for
entries to field sheets (Appendix 3a). Numbers that are underlined.
identify specles necessary to operate the key (Appendix 6) to the classification

based on species presence described and discussed in Chapter 3.

Species

nomenclature is that of Clapham, Tutin and Warburg, 1862.

143 Acer pseudoplatanus 34 Dactylie glomerata
1 Achillea millefolium 88 Deschampstia cespitosa
2 Achillea ptarmica 36 Deschampsia flezucea
5 Agropyron repens 37 Digitalis purpurea
3 Agrostie canina/stolonifera 162 Drosera rotundifolia
4 Agrostie setacea 38 Dryopteris filix-mas
6 Agrostis tenuis 3¢ Dryoptertie dilatata
147 Aira praecox 40 Empetrum nigrum
152 Ajuga reptans 41 Epilobium angustifolium
153 Alnue glutinosa 42  Epilobium montanum
184 Alopecurus geniculatus 163 Epilobium obscurum/tetragorum
7 Alopecurus pratensis 43 Epilobium palustre '
155 Anemone nemorosa 44 Fquisetum arvense
8 Anthoxanthum odoratum 45 Erica cinerea
9 Arrhenatherum elatius 46 Erica tetralix
156 Athyrium filiz-femina 47 Eriophorum angustifolium
10 Bellie perennis 48 Eriophorum vaginatum
187 Betonica officinalia 49 FEuphrasia 8pp.
11 Betula spp. : 80 Festuea ovina
12 Blechnum spwa:nt 51 Festuca rubra
13 Briza media 82 Filipendula ulmaria
14 Bromus mollis 164 Fraxinus excelegior
15 Calluna vulgaris 53 Galium aparine
16 Campanula rotundifolia 1656 Galium palustre
158 Capsella bursa-pastoris 54 Galium saxatile
17 Cardamine flexuosa . 166 Galium verwm
159 Cardamine hirsuta 167 Geranium diesectum
18 Cardamine pratensis 168 Geranium molle
18 Carex binervis - 55 Geranium robertiarum
160 Carex demissa 189 Glyeceria fluitans :
20 Carex echinata 56 Heracleum sphondylium
21 Carex nigra 57 Hieracium pidosella
22 Carexr panicea 58 Holeus lanatue
23 Carex pilulifera 59 Holeus mollis
24 Centaurea nigra 170 Hypericum humifusum
25 Cerastium holosteoides 171 BHypericum pulchrum
26 Chenopodium album 172 Hydrocotyle vulgarie
27 Chrysanthemim Zeucantheman 178 Ilex aquifolium :
28 Cireium arvense 101 Jasione montana
29 Ciresium palustre 80 Juncus articulatus
30 C(ireium vulgare 174 Juncus bufoniue
31 Conopodium majue 61 Juncus bulbosus
161 Corylus avellana 62 Juncus conglomeratus
32 Crataegus monogyna 683 Juncus effusus
33 Cynosurus cristatus 84 Juncus squarrosus




|
Lapgana communis
65| Lat 8 montana
66 | Lathyrus pratensie
67 | Leontodon spp.
- Limum patharticum
68 | Lolium multiflorum
69 Lolium| perenme
70 | Lotus corniculatus
Lotug yliginosue
71 | Luaula|campestris/multiflora
Lusula pilosa
Lychni ﬂos—cucuh

73 | Molinia caerulea
74 | Nardue |stricta
78 | Nartheaium ossifragum
76 |Oxalis acetosella
77 |Pedicullarie sp.
78 |Phleum pratense
legmqula vulgaris
79 Plantago lanceolata
80 |Plantagp magjor
81 Poa annua
82 Poa pratensw
83 Pog trivialis
. 84 Polygala sp.
Polygomien arenastrum
85 Polygomum aviculare
88 Polygonim persicaria
183 Polypod{um vulgare
87 Potentilla anserina
88 Potentilla erecta
184 t-entt%la reptans
185 la atemhs
89 ;
186
20
81 2
82 unculus flammla
93 | e rapena
94 hmant 8 minor
187 R
-3
96
87
88
- 99
100
100
102
100
103
103
108
106

189

107

180

191

108
109

193

110
111
103
184
112
113
114
115
195
118
117
196

118
119

197

120
121
122

123
124
125

128

121
128
129
130

131

132
198
133

134

135
138
137
138
139
140
141
142
144
148

‘148

148
149
1580
151

Senecio aquaticus
Senecio Jacobaea
Seneetio sylvaticus
Senecto vulgaris .
Sesleria caerulea
Steglingia decumbens

Silene dicica i‘

Sorbue aucuparia i
Stellaria alaine |
Stellaria gromineq
Stellaria holosteg
Stellaria media
Succiea pratensie
Tarazacum sp. ;
Teucrium acorodomm
Thelypteris oreopteris
Thymue drucet '
Trichophorum cespitogum
Trifolium dubium
Trifolium pratensge
Trifolium repens
Trisetum flaveecens
Ulex eurapam/ga?.lu
Urtica diotea

Vaceintum myrtillue
Vaceinium oxycoecus
Vaceinium vitie~idaea
Veronica chamaedrye
Veronica officinalie
Veronieca eerpyliifolia
Vieia eracea

Vietia sepium

Viola palustris

Viola spp.

Aeroeladium cuepidatum
Atrichum undulatum
Cladenia m'buscula/mpera
Cladonia puridata
Dieranella j
Dieraum spp. |
EBurhynchium praelongum
Eylocomium eplendens
Byprum cupreaszfarrbe
Mniwon hormum .

Mnium undulatum |
Pellia sp. ‘
Plagiothectum unduﬁatum
Pleurosium echrebers
Polytrichum spp. \.
Peeudoscleropodium jpurum
Rhytidiadelphus aquqarrosus
Sp app.

~Thutdium tmamaamwn




APPENDIX 3

Field Data Sheets

Specles in b o?

Species in 100 2

Species in 200 of |

-+

Ceczral 1w

a) AIN PLOT DATA GLLLY = siPTCItn b}
' Parivni Plot no.:
Farish: Plot no.t Recorder: Batm)
X z 1 3
Code Specles n ¢t "'2, l Code Speclan {0 25 1 | Coile Species in 3,000 of Codre fipecies 7 cover]

TA SILR - UITL nam:'!'}\'r'xon

Recorder:

flape {acrozs 200 o)

TACIS

1. Tarrae

2. Grenes

). Footpath/oridlevay

t aver 2 v vide
Nr ditte, wider 2 0t
. wide 5

5. Bheeptrack

AHAGLILIT

6. lNayotack

Te Linter trough
B, RubLish heap
9. Grass eoving
10, Ploughed

W, Pumed

HABIVATS

13. “Vrees {live)

th, vrees (dend)

13, Fallen tirber

6, “res staps

17, ClifT, over 5 n

18, Roe) ouvterop, under

*m
. Reek ledpe
20. Gever '
21, GStonen, up to L”
22, hocks k-po" ’
23, bouldera, 70"+
2k, Gully, vp to I m

deep

25. Gorge, over J u
deep .

?6. Dell/wollov, over
1 m deep

27. Lroding peat

28, I'sn=rade ecbankuwert
20, Yuarry

M. Hine/nine tipa

Dater

I, Shewp strapes ’
32, loke Kills

VATLR
33, Dry diten
b, ket diteh

3. Girean, up to 2 £t

. vide .

3. Stresx, Tore than 2
Y vide

37, Pocky epring

38, Teaty npring

¥, VYery susdl } N
under 1

V0. Posl 1-23 o7

W1, Pond 20 als

S01L (Tep 15 en)-
2. Gandy

&3, Sandy=lom:
b, Loan

b5, Clay=losn
&G. Cluy

AT, Feat

Sell depth, et b corners
of 200 li

Soil ph, at & corners
of 200

Loss=on=Igniticn

) DAMNAKE -

" Lenuive

" Faa

r+) :.-'.o‘l.t
£1 fosr

&2 Vary poer

28T
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Field Data Sheets

Parish

Slope:

¢) WQODLAMD DATA SHEET

Plot po. RBecorder:

Approx £ canopy:

Dute!

He, of tallest tree:

o Width of werge:

d} ROADSIDE VERCE DATA SIEET

Parish: Plot no.t Recorder: Date1

Code

Bpecies in 1 02

Epecles in 100 o

Bpecien in L of

Bpecien in 200 o

HAHAGEMENT /HABTTATS

1. Bhesp=proof fence or wvall
2. Plasting

3. Thinning/felling

k. Bursing

$. Tallen timber

6. Dead trees

T. CUifL Sme

8, Cuternp, under 3 w

9. Roek Redge

W. Lerew

1, Otones, up to W™

12, Mocks, h=20"

13, Boulders, 20" +

1h, Qully, up to dw dewp

'5. Oorge, ovar 3 a deep

16, Dell, over 1 n deep

17 Kan-made sabankment

18, Quarry

Code fpecies in 10x! m. strip,

adjacent to edge of rosd. -
t. Trees {within 10x% m. strip)

2, ¥all, sijacent to rosdeide verge
3. Hedge, adjacent to resdside werge
&, Fence, adjacent to rosdeide verge
5. Bank, pore thas 18" bigh, sdjacent
[&- 1118 W

19. Moa/tipa

e — N &

Bpucies in 25 »°

20. Dry diteh

2t Wt Alteh

22. Stream, up te 2 fx vide
2}, Stream, 2 Rt

2k, Mocky mpring

25, Paaty spring

26, Foel, less then V »?
27. Pool 1-20 =2

28, Tond 20 o2 +

29. Soll sandy

3. Sell sandy-loam

31, Soll lowm

32, 5oll cley=-lomm

3}, Soil eley

3, Soil peat

Bail dapth

"
1.0, 1.

Ia..[a”ng of ddead baan ...,

Ne o" J]’llh‘l lul fae ”d“"

ol .o,

ety 3;\«

mash

£81
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" APPENDIX 4

Outline of Indicator Species Analysis (ISA) as & Classification Method

The purpose of classification is to reduce complexity by grouping like
with 1like. ISA is a polythetic divisive method of classification;
'‘divigive' because 1t successively divides the original population into
smaller classes, and 'polythetic’' because it uses more than one criterion
(for example a number of plant species, or geographical attributes) to
determine each division. These criteria are the_'indicator species’.

The main problem with divisive methods of classification is to develop
a8 suitable method. If there are more than about 20 ‘individuals’ in &
‘population’ to be classified, the number of pogsible permutations in
creating classes becomes too large to handle. In fact only a limited
number of possible permutations is 11ke1y to lead to a satisfactory .
classification which groups like with like, ISA employs # preliminary
investigation, a ‘directed search’ which aims to find an spproximate
division in advance of the final allocation of individuals to clasaes
at each stage.

It does this directed search by means of ordination, using the first axis
of a reciprocal averaging ordination (Hill, 1973) (ie the dominant trend
of variation in the data under consideration). The centre of gravity

of the ordination is considered to be a good prospective point for
subsequent division. The 2 sides of the ordination about the 'centre of
gravity' are now searched for 'indicator species'. These are the _ .
attributes (again for example species or land characteristics) which occur
more frequently in individuals on one side of the ordinatiom. 'Negative'
indicators are those which characterise the negative side of ‘the
ordination; 'positive' indicators characterise the positive side of the
ordination. - A perfect indicator is one that occurs in all individuals

on one side of the ordination and 1s absent from all those on the other
side. In the rare cases when this occurs the single indicator could be

" used to define a division. Usually a number of indicators (between 5-10
dependent on the data set) are required to define a ‘division with sstistactory
accuracy.

These indicators are combined to produce a discriminant function (the
'indicator scope') which is applied to each individual to deterimine to
vhich side of the division it should be allocated. This score is
calculated as the sum of the negative and positive indicators that it
containg (ie 2 positive indicators give a score of +2 and 2 negative
indicators -2, to give a total score of 0), and is compared with a
'threshold value', If the indicator score for an individual is equal to
or less than the threshold, the individual should be allocated to the
negative side of the classificeation, and if the score is higher, the
individual is allocated to the positve side. The threshold value 1s
decided by an optimisation method that is beyond the scope of this outline _
to describe. - It is this procedure that confers some flexibility on the
actual point of division as viewed in relation to the ordination, If a
more natural point of division in the data set lies either on the positive.
or the negative side of the centre of gravity of the ordination then the
method of determining the 'best' threshold value can accommodate this.
¥Where natural discontinuities of the data do occur, reciprocal averaging
ordination has a strong tendency towards polarization (ie exaggeration of
the discontinuity), and in such cases the centre of gravity is almost
invariably located on or near the discontinuity and little or no further
adjustment is required.
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ituatiops. In some circumstances there is & genuine structure to
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lagsification can only partition the range of variation in a reasd
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d the Tesult of analysis is a mixture of classification and diss
D analysis by ISA the individusls allocated to each side of the d
re listed in 3 categories, 'bopa-fide', 'borderline', and 'misclsa
he first category contains individuals which definitely belong to

lass to which they have been allocated. Borderline individuals ave thos$

ction,
vision
gified
the

vhich are intermediate between the 2 classes {ie they occupy the céntral

heir indicator score suggests, but could fit quite reasonably in
ide. he proportion of borderline individuals in a given divisio
indication of the digcontinuity of the data (the higher the pro
f borderiine cases the greater is the continuity in the data stru

Migclassifications are individugls that do not contain the 'right’
indicators, so that their indicator score suggests their allocati
f the division whilst their position in the ordination suggests o
ince the ordination i1s based on overall consideration of the char
f an individual, but the indicator score is based on a few indica

nly, the ordination allocation| of the 'misclassified' individuals

o override the imdicator score| in deciding their classification.
combination of procedures produces the ‘best' classification (le t
within-class homogeneity for a given division). It has the conseq
however‘ that in using keys bas on indicators of a classificatio
roportion of 'misclassified’ dividuals will be allocated 'wrong

10% of the ordination). In prt[tico they are allocated to the sid

8A proceeds by successively dividing the original population and
ach division in turn. 1In highly structured data there is a 'best
bt levels of division (and resultant classes) but with most sets o
khe nunber of end-classes selec#ed is an arbitrary matter of conv
to the classifier.
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APPENDIX 5

Species Composition of the Vegetation Classes

The species which typify each vegetation class are listed alphsabetically
in constancy groups of 100 - B80%, 79 - 60%, 59 - 40% and 39 - 20%,
'Constancy' is the percentage of sites in a class which contain a
particular species. Thus if a species occurs in every site clessified
in a class, its constancy will be 100%; if it occurs in half only of
the sites in a class, its constancy will be 50%. A majority of the
characteristic species of a class will have constancies of 100 - 80% or
79 - 60%. Without running fully through the key of Appendix 6, some
general aspessment of the vegetation class of a site may be got by
considering how many of the species of high constancy in a likely class
are actually present at a site.
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APPENDIX 5 SPECIES COMPOSITION OF VEGETATION CLASSES IN THEIR CONSTANCY GROUPS
Juproved Pastures Rough Pastures
Class 4 Clase 2 Clasa 3 Class 1 Class 7 Class 5 Clasa & Class 6
Constancy . Borb-rich Lolfun = Loltum grassiana = Loliws/Trifolium Lolium/Holous __Agrostis/Boleue Agroetis/Juncus Festuca/Agrostis ___ Feotuca/durcus
Group grassland T grassland Preridiim grassiand grassland grassland grassland
grassland
. . Achillea millefolium Agroetis tenuis Agrostis tenuis Ackillea millefolium Agrostie tenuis Agrostie tenuis Anthozant b
100 to 3 BO Ballis perennie Agrostis tenuis Cerastium Cerastium Agrostie temuis Anthozanthum Anthozanthun odoratw
Caraetiym Pgolos- Bellie peremnia holoateoides hologteoides Cerastium cdoratum odoratum Ceraetium
Cerastium Cynosurus erietatus Cymomorue eristatus holostecides Ciraium palustre Cerastium © holostecides
Lolium perenne holosteoidas Holeus lanatus Holeus lanatus Holeus lamatue Holeus lanatue holoeteoides Cireiur palustre
Trifolium repans eristatus  Lolium perenne Lolium perenne Plantago lanceolata Juncus ariiculatus Festuca ovina Festueca ovina
Dactylis glomerata Trifolium repens Plantago lanceolata Potentilla erecta Juncus effueus Galiwm saxatile Galiun sazatile
Boleus lanatus Rumex acetosa Rumex acetosa 2pp. Holeus lanatus Boleus lanaius
Lolium peremme Trifolium repens Trifolium repens Potentilla erecta Potentilla erecta Juncus
Flantage ) Prunella vulgarie  Trifolium repens articulatus
lanceclata Rarnmeulue acrie Juncus effusue
Remunoulue acria Remmculus flaommla Fardue etricta
Rumexr qeetosa Barumeulus repsns FPolytrichur spp.
Trifolivm repens Pumez acetosg’ FPotentilla erecia
- - TFifoliun TEpenE Primeélla dulgaris
Ramunculue repens
Rurexr acetcsa
Trifoliwr repene
2. : S _
< B0 to 3 80 Agrontie temuis {iretim arvanse Bellie perennis Aohillea millefolium Anthoxanthun Centaurea nigra Cireium vulgare Agroatia ecmira
Omonwrus cristatus  Remmcuiue repens Cirgivm palusire Anthozranthuon odoratiam Cergstium Cymosurus crietatus Agrostis tevuie
Daotylie glomerata Taragacun spp. Ciretun vulgare cdoratum Bellia peremis holostecidse Junious effusue Carex paricea
Boleue lanatus Trifolium pratense Leontodom spp Cirsiun arvense Campanula Cymosurus eristatus Luzula carpestrie/ CymoBurus
Plantago ianesolata Poa @rma Cirsium palustre rotundifolia Digitalies purpurea multifiora eristatuse
Phleum pratenae Pmoella vulgarie Leontodon app. Cirvefum palustre Galtum palustre Rardus stricta Leschampeic
Romonculue repens Rarunculus repens Fotentilla srecta Cirsiwr tulgare Lotus cormiculatue Raommculue repens ceepitoes
Fmex obtusifolius Prunella vulgarie Cynosurue Flantago lanceolata Rumex acetosa Galiur palustrc
Tararacum spp. Pteridium aquilimem erigtatus Rumex obtuetfoltue Flartego
Bameculus acris Euphragia spp. Urtica dioiea “loweoicia
— — - - - Reounmoulus popens --Featuos oving e FRammeniue aorie
Rumez obtusifoliue Galiwn saxatile Famunculue
Tarazacum spp. Hieracewm piloselia Flaruls

Trifoliur pratense

Lotus cornienlatus
Luzula campestris/
- multiflora
Prunelia vuigaris
Ferameule repens

Rrytidiadelphus
BOUAITOSUS
¥iols spp.




APPENDIX 5 SPECIES COMPOSITION OF VEGETATION CLASSES IN THEIR CONSTANCY GROUPS
Inproved Pastures Rough Pasturss
Class 4 Class 2 Clans 2 Class 1 Class 7 Class 5 Class 8 Class §
Constancy Herb-rich Lolium Lotium graeslsnd Loliwm/Trifolium Loliwm/Holous Agroetis/Holeus Agroatis/uncus Festuca/Agrostis Featuca/Juncue
Group grassland graspland Pteridium grassland grassland grassland grasslacd
grassland
< 60 to > 40 Achillea Cirsium vulgare Achillea millefolium Bellis peremnis Cipeium arvense Achillea millefoliun Achillea _ Carex nigra
miliefolivm Pestuca ovina Cirstum arvense . Centaurea wigra Daotylis glomerata Bellis perermia millefolium Dieranum app.
Cirsium arvense Lotus corniculatus Dactylie glomerata Cirsium vulgare Bypochoerie radicata Cardormine pratensis la Festuca rubra
Ciretun vulgare Phlewn pratense Juncue effusue Deetylis glomerata Lolium pererns Cireium vulgare rotundifolia Juncus
Leontodon spp. Poa pratensis Phlewm pratense Lotue corniculatus Poa arrua Epilobium obsourum/ Cirefum arvense . conglomerata
Plantage major Prmmella vulgarie Flantage lanceolata Phlewn pratense Poa pratensis ) tetragomem Cirsium palustre Leorntodom spp.
Ramuneulus acris Senecie jacobaea Plantago major Poa amnua Polytrichum spp. Galium saxatile Dactylis glomerata ILuzula eanpestris/
Rumex acetosa Urtica dioiea Rowneulus acris Rhytidiadelphus Ptaridium aquilimum lLoliur perenne Deechampeta maltiflora
Stellaria madia Rumez acetosa squarrosus Ramumculus acria Luzula campestris/ cespitosa Molinia caerulsa
Trifolium pratense Rumex: obtusifoliue Stellaria media Senecio jacobaea multifiora Deschampeia FPog pratengis
Sagina Ortica diciea Sieglingia decumbens Molinia caerulea {lexuvea Phytidiadelptms
Urtica diciea Veroniea Tarqracwum spp FPoa avna Disramen epp BAUATTOSUS
Veronica chamaedrye Urtica dicica Polytrickum spp. Pestuca rubre Sphagman spp
serpyliifolia Veronioa Pteridium Plantage Tarazacum spp;
ehaonaedrys aquilinum lancaolata Viola paluetrie
PRhytidiadelplus Poa anmua
BQUATTORUS FPoa pratensis
Rubus fruticosus Polytrichum spp -
Rumex acetosella Prunslla vulgarie
. Sagina procumbens Tug
Stellaria alaine Fhytidiadelphus
Tarazoown spp. aquarrosus
: Frifoliwm pratense Urtisa diviea
Veronioa
chamaedrys

881
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APPERDIX 5 SPECIES COMPOSITION OF VEGETATION CLASSES IN THEIR CONSTANCY GROUPS .
o "Improved Pastures Rough Fastures
Class ¢ Clase 2 Class 3 Class 1 Class 7 Class 5 Class & Class 6
Constavcy " Rerb-rich Lolium Lolfum ,,-...hm, Lolium/Trifolium Lolium/Bolous Agroetis/Bolous Agrostis/Juncus Fnatuca/Agroatu Festuca/Jwrecus
L oromp === gressland ... gresslspd idium o gramgland . . . ... grassimnd . . & land - gresslecd—— ..
graspland
:‘w to 20 Anthozanthum Anthozanthum Anthozantium ta Agrostis canina Achillea ptarmica  Agrostis canina Achillea
odoratum edoratum odoratum ‘rotundifolia Briza media Agrostie ecanina Bellis perernie millefoli.c
Bromus mollie Campemula Feetuca yubra - Deschampsia ceepitosa  Carex panicea Athyrium filize- Calluna vulgarie  Achillea ptar—ica
Foa aoma rotundifolia Juncue artioulatus Digitalis purpurea Carex pilulifera femina Cardamine praiemeis Bellie perervis
Poa pratenais Centairea nigra Lotus corniculatus Festuen ovina Centaurea nigra .  Cardamine flenwse Carex nigra Eriza media
Poa trivialis Chryeanthemm Poa pratensie Poa pratensis Cladonia pyzidata Carexr panicea Conopodiwr majus Cardamine fiexuosa
Prunella vulgarie leucanthemm Poa trivialis Poa trivialis Crataegus monogyna Crataegus monomyma  Hieracium piloeseclle Carer demiesz
Fumex conglomeratus/ Deschampsia FPotentilla erecta Plantago major Descharpeia Cireium arvensis Hypram Carer echincta
erispus/ cespriosa Rumexz acetosella Rumez acetosella cespitoaq Dicramm app. cupressiforms Carer pilulifera
sanguineus Euphraeia spp. Tarazacum spp. Saging procumbens Deachampata Equisetum arvense  Juncue squarrvsus (arer sp.
Urtiea diciea Festupa rubra Trifolium pratense Irifoliwm dubium Flezuosa Euphrasia epp. Leontodon spp. Cirstun arvense
Yeronica Galium verum Ulex europeus/gallii Dicramum spp. Festuca ovina Lolium pererme Cireiwm vuleare
sez-pylhfalm Heraclewn Veronica Digitaite purpurea Featuca rubr:a Lotus corniculatus Crataegus mo-ogyma
aphondy1iwm serpyllifolia Featuca rubra Holeus mollis Molinia caerulea Descharpeia
'Bypecherig radicata - Galium verman . ... fali -
Leontodon spp. Hypmen cupressiforme Bypmot Pteridium Epilobium
Luzula campestrie/ Leontodon spp. cupresufm aquilinem " palustre
multiflora . Mntum kormen Lathyrus pratensiz Fumer acetosella Hieraciur
Poa amua Fardus stricta Lotus uliginosus Saging procurbens piloselic
Plantago major Ozalis acetosella Pedicularis spp, Tarazacur epp- Byprie
FPotentilla erecta Plantage major: Plamtage major Thyrue drucet cupreegiiime
Rumez acetosella Potentilla eterilis Foa pratensis Vaseiniw Junaue bulbceus
Stallaria media Rubue fruticosus Foa trivialis myriilive Juneue
Thymua drucei Runex acetosslia Folygonum - Feromica . squarrosue
Tvifoliun dubium ‘Sagina procumbens peraicaria offiginalie Letus cornieulctus
Trisetum flavescens Sedwrm anglicum Sieglingia decwmbens Viola »pp. Foa anruc
Thuidium Sphagmen wpp. Meridiu-
tamarascinm Stellaria graminec aquilira
Thymue drucei Stellaria media ‘Bagina procu—iene
Trifoliur pratense Succisa pratersis Sieglingia
Ulex spp. Uler europacus/ decwrlene
Vacciniur: myrtillus gallii Stellaria aletine
" Veromica . . Suceisa prazereie. .
— s s - s B D chamaedrys Thuidiu-
Viola palustrie tamaracs i
Vazeindur
mrttiud
Total Ne. Epp. Total Ro. Spp. Total No. Spp. Total No, Spp. Total No. Spp. Total Ko, Spp. Totsl No. Spp. Totsl No. 5pp.
dod: roeorded: dod: e EEOTdOd e — rpcorded:— — ———recordedr . .
;;;" " i3l 121 114 188 189 176 154




APPENDIX 8 SPECIES COMPOSITION OF VEGETATION CLASSES IN THEIR CONSTANCY GROUPS
Granssy Heaths Bhrubby Heaths
" Class 1B Cisms 18 Class 14 ©Clase 13 -~ Class 9 Clase 10 Class 11 Class 12
Festuca/Vaoctn Callung hesth Callwna/Molinia/ Vaseinium/Callima Nardus/Sphagmon/ Ericphorian/Calluna
ﬂn::::nc,r Festuca/Nardus/ FuW/ “/."t’h m al Vaootniwm heath Callina Beath
P heath heath ‘heath heath
X . '
100 to : 80 Descharpeia Anthozmortinom Agrostis terutle - Agrostis temuie Calluwne wulgarie Calluna vulgarie Calluna vulgaris Calluna vulgaris
flezucea odoratum Descharpeia flexuoea Calluna vylgardis Molinia oaerulea Vacoiniun myrtillus Deechampeia Deschampsia
Fastuce ovina Festuoa ovina Festuoa Galiuwn eaxatile Potentilla arecta flexuwsa Flexuosa
Galium saxatile Galiun saxatile Galium sazatile Potentilla srecta Vacoinium myriilue Eriophorum vaginatum Eriophormom
Juncus effusus Junous effusus * Vaceinium myrtiliue Sisglingia Juncus squarrosus vaginatu~
Nardue etriota Junous SQUArrceus " decumbens Kardue strieta
Potentilla ersocta Rardus etricta Ulex spp. Polytrichum spp.
FPolytrichum spp. Vaceiniwn Potentilla erecta
Fotentilla erectq myrtillus Sphagnum epp.
Sphagium spp.. Vaceinium myrtillus
Vacosrmiwn mptilive
2, : .
< 80 to 3 80  JAgrosiie tenuis Agrostis canina Anthoxanthm Agrostis setacea Deschawpsia flemwea Cladonia pyxidata Agrostis canina
Anthoxanthon tip tenuls odoratum pp. Festuca ovina Deschampeia Erica tetralix angustifolivm
odoration Callima vulgaris Calluna vulgarie Erioa cinerea Nardus strieta flexuosa ’ Eriophorum ) Bmpetrum nigrm
Carastium Carex Digwanmm wpp. Festuoa ovina - Steglingia Juncus equarrosus anguatifolium Juncus
holosteoides Ciraiwm pa!usm Rardue siricta Molinia caerulsa decumbens Festuea ovina BqUATTCEuUs
Dieramm spp. Deechampeia Folytrichm spp. Nardue ‘stricta Galium sazatile Polytrichr: spp.
Bolous lanatus flaxuosa Potentilla erecta Juncus effusus pp.
FUNcus sQUITTOSUs BEolous lanatus Molinia caerulea Vaceinium
Lusula oarpestris/ Lusula campestris/ T mpetillue
muliiflora muitifiora
Polytrichm spp Nolinia caerulea
Vicla palustrie
Trifolium repune
wyrtiliue
a- . »
< 80 to 3 40 Agrostis canina Carex echingta Byprum eupreasiforma Anthozanthm Agrostis temuia Agrostis temuris Agrostie tenuis Cladenia arbuseuls
: Callyma vulgaria Cladonia arluscula/ Juncus effusus odoratum Carez binsrvie Dicranella sp. Anthozanthum Jivpeda
Ciratum palustrs Ampexa dimcus squarrosus Cavax b:'.m_rvil Carex pantoea Dleranum pp.. - odovatum Dieramm app.
Descharpeia owspitosa. ~ Dicrawm spp. Luzula campestris/ Carex paniosa Dicramm spp. Empetrum nigrum Carex echinata Erica tetralixz
Festuoa rubra _ Erica tetraliz mulitflora Cladonia arbuscula/ Eviea oinerea Eviea tetraliz ea Festuca ovina
Bypracn m.,qm dunous artioulatue Molinia caerulea impeza Erdog tetraliz Festuea ovina Cladonia arbusoula/ Calium saxatile
Ptevidium aquilimem . Rhytidiadelphua = Preridium aquilimm Detichampeic Galium eaxatile Juncun effusus tmpeza Junous effusus
Bameoulus acris SqUATTOIUE : ' © flezuoea Junous squarTOBUS dardue stricta Diorarao spp Molinia oasrulea
Bhyjtiddadelphue Pumez acetosa Y Erica tetraliz Polytrichm spp. Folytrichun spp. Empetmon nigrum Nardus stricta
squarresud Sisglingia decumbens Hypram cupiesstforme fum Pteridium Byprum cupressiforme theotum
PP, : Polygala spp. aquilimm aquilinem Lusula compestris/ wndulatum
duost Polytrichum spp. ‘multiflora Trichophorm
Varonfoa offloinalis Pteridiwn aquilimen Ferthacium cespitomm
Wola spy. . - cssifragom
cespitomm
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— _APPENDIX 6§  SPECIES COMPOSITION OF VEGETATION CLASSBES IN THEIR CONSTANCY GROUPS
. Grassy Heaths . Shrubby Henths )
e e e . Claen 18 __Clase 16 - Claes 14 Class 13 Cluap 9 ‘Claes 10 Class 13 Class 12
Constancy Festuoa/Nardus/ Fsstuca/ﬂardua/ Festuca/Vaceinium Calluna heath alluna/Nolinia/ Vacciniun/Calluna Rardue /Sphagmum/ !.‘rwp’:amrrffauum.
Growp Vaceinium Molinia’ heath Vacoinium heath Calluna heath
__heath heath heath heath
4. : ' :
< 40 - 20 Achiilea millefolium  Blechmum spicant Agrostis canina Agrostis canina Agroatie canina Agrostis caning Carer binervis Anthorantic:
Blechmem spicant Carex Vinervie Carez nigra Carex ptl‘ul‘l-fsm Agrostis setacea Cladonid arbuscula/  Carez nigra odoratur.
Campanula Carex nigra Carex pilulifera Cerastium Anthozantinm impexa Cladenia pyxidata Carex nigra
rotundifolia Carex pilulifera Cerasttum holoeteoides edoratum Exriophorum Dieranella w»p. Cladonia
Carex nigra Cerastium holowteoides Cladonia pyxidata Cladonia arbuseula/ angustifolium Plagiothectun pyzidata
Carex panicea holosteoides Cladonia arbuscula/ Dicranella sp. impeza Galiwm saxtile . wndulatum Hypraoe
Carer pilulifera Cladonia pyxidata impema Jinens articulatus Cladonia pyridata Byprum Flewrozium cupreaailorme
Cirstim vilgare Deschampaia Cladonia pyxidata Juncus effusue Dicranella sp. cupressiforme schreberi Potentilla ¢recta
Clademia arbuscula/ eespitosa Dicranella sp. Pleurozium Empetrum nigrum Molinia caerulea Rhytidiadelphus RRytidiadeIzhus
X Dieramella sp. Erica cinersa achreberi Eriophorum Potentilla erecta squarrosus squarroe.s
Cladonia pyxidata Epilobium palusire  Boleus Lanatus Peeudoecleropodium anguetifolium Sphagram spp. Vacetniur oxyeoccus  Rubue
e s ? Poa ammud praman ILuzula eampestris/ . chamaem:rug
Erica tetraliz angquetifolium Rhytidiadelphus “Rhytidiadelyhue o — multifiora— .
Eriophorum i vaginatn BquUeTTCSUS Bquarrosus Polygala spp. .
angustifoliwm Festuca rubra Ruonexr aeetosa Rumex acetosa Sphagrmum epp.
Erigphorum x Lalium palustre Rumez acetoeella Rumex acetosella Tricophorum
uealis acetosella Byprun cupreseiforme Sieglingia Sedum anglicum cespitogum
Plewrosiwn schreberi Bmeus bulboens decymbens Sphagmum spp. Ulex spp.
Ffpa anma Bmeus conglomeratun Sphaghmar spp.
Poa pratensis Leontodon epp.
Prunelia sulgarie Barthecim
Rameulue repene ossifragum
Taraxanm spp. Plantage
Verenica chamaedrys lanceolata
Polygala spe.
agquilimon o
Raamenlus aoris
Bammoulue flanmula
" Ravuneulu® Yepens
angqustifolinm
Tetfoliiem repens
Totel No. 8pp. Total Ro. Bpp.’ Total No. Spp. Total ¥o. Bpp. T ¥etil We, Spp.  TOtEI ¥oSpy— ———TorsiHer Sppr -~ Total No. ERR. ..
recorded: recorded: recorded: récorded: recorded: T recorded: : trecorded: recorded:
147 55 8% 102

188 - 131

119

#3
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APPENDIX 6

Key to ISA Classification of Upland Vegetation Classes,
Based on Species Preésence at Main Sites

In the field a 50007 quadrat should be used and a species list compiled
for the presence of the 76 key species, or if required, for the total
list of 198 species of Appendix 5. In using the key the scores of the
indicator species are totalled from a site plant 1ist at each stage of
the analysis. Species listed in the left hand column of the key score - 1,
and species occurring in the right hand column of the key score + 1. The
sum of the individual species scores for a site record listing all those
key species present at the site 1s then compared with the threshold
values at the firat stage of the key. From this, progress can be made
through the key until a point is reached where it indicates the number

of the appropriate vegetation class for the area being examined.

Numbers against species names on this key are those used for field
sheet recording, as listed in Appendix 2., The list of speclies required
to operate the key can be obtained from Appendix 2, as the species

for which reference numbers are underlined.




St#pAI

St&p 2

8tep 3

Step 4

Indicntori%

J

193

Negative (each = - 1)

15
36
64
122

Calluna vulgari
ejuoaa

Deschampeia flex
Juncus squarrosu
Vaceintum myrtil

- _Positive.feach~= + 1

8
lus

Score greater than zero go to 2

Score zero or less gd

8
50
54
63
71
74
88
146

i
i

to ©

Anthoxanthum odoratum

Fegtuca ovina
Galium saxatile
Juncue effusue

Lusula campestri
Nardus stricta

la/multiflora

Potentilla erecta

Polytrichum spp.

Score greater -than - 3 go to 3
Score less than or equal to -~ 3 go to_e

102 Rumex obtusifblﬂus

Bcore greater than 3
Score less than or eq

10
107
166

Bellis perennis
Senecto jacobaea
Galium verun

go to 4

b
{

Score greater than~raorc = Cls&ss 1

Score zero or less =

Class 2

=

10
25
33
9
83

. 118

69
78

1
8
18

. 50

70
88
ol
107
125

ual to 3 go. to &

29
37
88
80
102

© 120
- 127

Bellis peremnis
Ceragtium hoZosteoideé
Cynoaurus cristatus
Lolium peremne
Rammeulus repens
Trszltum repns

Lolium perenne
Phleum pratense

Achillea millefplium
Agrostis tenute
Campanula rotundtfblaa
Fegtuca ovina '
Lotus corntaulatus
Potentilla erecta
Ranmunculus acrie
Senecto jacobae
Verowica echama

Cirsium palustire

Ulex buropaeus allii
Verovica serpyllifolia




194

Indicators: Negatiﬁe'(each = - 1) S © Positive (each = +:.1)

Step 5 14 Bromus mollia : 6 Agrostis tenuis
: 34 Dactylis glomerata 290 C(irsium palustre
114 Taraxacum spp. 30 Cirsium vulgare

680 Juncus articulatus
63 Juncus effusus
- 88 Potentilla erecta
103 Sagina procumbens

Score greater'than 1 = Class 3
Score less than or equal to 1 = Class 4

Step 6 16 Cuampanula rotundifolia 22 Carex panicea-
: " 34 Dactylis glomerata 29 (irsium arvense

60 Juncus articulatus
63 Juncus effusus

73 Molinia caerulea
92 Rorunculus flamula
113 Succiea pratensis
165 Galium palustre

Score greater than 3 go to 7
Score less than or equal to 3 go to 8

Step 7 38 Deschampeia cespitosa © 24 Centaurea nigra

80 Feetuca ovina - 37 Digitalis purpurea

74 Nardus stricta ' 102 Rumex obtueifolius
: ~ . 118 Trifolium pratenge
121 Urtiea dioica
156 Athyrium filiz—femina
163 Epilobium obscurum/

tetragonum
Score greater than - 1 = Class 5
Score less than or equal to - 1 = Class 6
Step 8 35 Deschampsia cespitosa | 32 (Crataegus monogyna
63 Juncus effusus 37 Digitalis purpurea
74 Nardus etiricta 49 Fuphrasia spp.

57 Hieracium pilosella
70 Lotus corniculatuse
79 Plantageo lanceolata
121 Vrola spp.

Score greater than 2 = Class 7.
Score less than or equal to 2 = Class 8




I
|
|
Inﬂicltorst

Stqp ]

i
Step 10

Step 11

Step 12
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egative (each = - 1)

L’.’

6 Agrostig tenuis

8 Anthoxanthum odoratum
29 Cirsium palustre
54 Galiwm saxatile
88 Holcus lanatus
88 Potentilla erecia
98 Fumex acetosa

Score greater than - |3 go to 10

Score less than or e$u11 to - 3 go to 13

|

8 Anthozanthum tum

47 Eriophorum angudtifolium
48 Er<iophorum vaginatum

84 Galium saxatile|
117 Trichophorum cegpitosum
144 Plagiothectum undulatum
150 Sphagnum spp. | .

Score greater than - 2 go to 11

Score less than or equal to - 2 go to 12

63 Junous effusus |
134 Cladonia pyridata

189 Hypmum cupresseiforme

S8core greater than 1§= Class 9

‘Beore less than or oﬁuul to 1 = Class 10

85 Rubue chamemorus
144 Plagiotheeium undulatum

Score greater thln:ﬂqﬁ Class 11
Score less thamn or

Positive QQachlﬂ + 1)

. 19 Cavrer binervis.

' 20 Carex echinatal

ual to 2 = Class 12

40 PEmpetrum nigrum
47 Eriophorum mgusf:ifolﬁm
48 Er<ophorum vaginatum

‘45 Erioca cineren
00 Pteridium aquilimm
134 Cladonia pywidgta

4 Agrostis aetaaea

. 32 Carex panioea
48 PErica cinerea
73 Molinia caerulea
88 Potentilla erepta

109 Sieglingia decimbene

!

&
-]

6 Agrostis temuik

22 Carex panicea
74 Nordus siricta '
78 Nartheeiwm osalifragum
B8 Fotentilla evepta
130 Viola palustrie

i
|
E
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Indicators: Negative (each = - 1) - Pogitive (each = 4+ 1)
Step 13 20 Carex echinata "45:.Er¢ca.cinerea

20 Cirsium palustre
58 Holeus lanatus
63 Juncus effusus

64 Juncus squarrosus
91 Ramunculus acris
119 Trifolium repens
130 Viola palusiris

150 Sphagnum spp.

S8core greater than - 4 go to 14
S8core less than or equal to - 4 go to 16

Step 14 64 Juncus squarrosus .4 Agroetie setacoa
71 Luzula cwnpestms/mulmflom 156 Calluna vulgarie
19 Carex binervis
22 Carexr panicea
45 Erica cinerea
.84 Polygala spp.
109 Sieglingia decumbens
120 Ulex europaeus/gallii

S8core. greater than 3 = Class 13 :
Score less than or equal to 3 = Class 14

Step 15 20 Carexr echinata 25 Cerastium holosteoides

73 Molinia caerulea : 118 . Thymue drucet
75  Narthecium osaifragum 119 Trifoliwm repens
109 Sieglingia decumbens 131 - VZola spp.
130 Viola palustrie - S :
150 Sphagnum spp.

Bcore greater than - 1 = Class 15
Bcore less than or equal to - 1 = Class 16
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PPENDIX |7

Land Cha#acteristicd for Grid Squares
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A

Quaititative Physiographic Lnd Tgpg‘rlphic Dltl Recordod tor 0,25 km?

Grid Square Units in the Btudy Arotl

1 and 2 from 1:25 000 O8 maps directly, or from nnpalakatched
fro* these (slope and aspect) !

1 Physiography

Altitude Class (measured asz areas by spot count, in 4% units)

1.1 < 401 £t OD (< 122 m)

1.2 401 ~ 800 ft OD (122 - 244 mn)
1.3 801 - 1100 £t OD (245 - 335 m)
1.4 1101 -~ 1400 £t OD (336 - 427 m)
1.5

1.8

1401 - 2000 £t OD (428 - 610 m) : !
> 2000 £t OD (> B10 m)

Altitude Range (as 1iguLel, in feet) f

1 7 Lowest mapped contour or spot height

1.8 Highest mapped cpntour or spot height _
1,9 Altitude range bptween lowest and highest:
recorded heights

Blope Class (as areas, kn 4% units)

1,10 Aroa of land with slope between O ana 5°
1.11  Aresa of land with slope between s° olnd 11
(1.12  Area of land with slope betwgen 11 and 22°
i1.138 Area of land with slope > 22

1
f

Aspect (as. areas, in 4% units)

1.14 Aspect generally northerly (ie between KW and NE)
1.18 Aspect generally easterly (ie between NE and 8E)
1,16 Aspect generally| southerly (ie between SE and SW)
1.17 Aspect generally westerly (ie between SW and NW)

score’ 0-25) of the number of sub-units in a
5 x 5 grid covering the 0.5 x*o 5 km grid
square unit that include one br more rivers
or streams) : i l

|Rivers and Streams (as E relative numerical measure( ' frequency

1.18 Relative frequency of rivers (defined as watercourse
mapped with double lines)

1.19 BRelative freguency of streams (defined a- watercourses
mapped with single lines)

Water Bodies (as areas, in 4% units)

'1.20 Area occupied by reservoir or lake
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2 Topography
Settlement Density (as & number count)
Number of urban areag (solid gfey-blocked areas)

1
.2  Number of individual mapped 'buildings' (ie excluding
eny 'urban' areas)

2.
2

Road and Footpath Dengity (a8 & relative numerical measure,
see Rivers and Streams, 1.18-19)

2.3 Relative frequency of principal roads (defined as any
" 'road' with solid or dashed colour overlay)
2.4 Relative frequency of minor roads or tracks (defined as
any double-lined uncoloured 'road')
2,8 Relative frequency of footpaths

Field Boundaries (as & relative numerical measure, see
Rivers and Streams, 1.18-19)

2.6 Relative frequency of field boundaries

3 Rainfall Average Annual Rainfall, 1941-1970. As a gualitative
single entry (1) for the rainfal)l band which occupies
the greater part of the grid square unit, with a (0)
entry for other hands (from rainfall maps,
Meteorological Office 1977)

1 Dominant average rainfall 800-1000 mm (low, 35" average)
.2 Dominant average rainfall 1001-1200 mm (moderate, .
. A 43" average)

3 Dominant average rainfall 1201-1600 mm (fairly high
.- 55" average)
Pominant average rainfall 1601-2200 mm (high, 75" average)

Dominant aversge rainfall 2201-3299 mm (very high,

103" average)

W

W w
[

Characteristics uzsed for Land Clagsification by Indicator
Species Analysis ' '

Derived from the gquantitative data set of map-derived land
characteristics (Appendix 7A). The attributes with underlined
numbers are those required to operate the key to the land
classification that is given in Appendix 8. :

ISA Attribute

Number
1 Land < 800 £t occupies 4-24% of square
2 Land < 800 £t occupies 28-48% of square
3 Land < 800 £t occuples > 48% of square
4 Land between 800 and 1400 ft occupies 4-24% of square .
5 Land between 800 and 1400 ft occuples 28-487% of square
8 Land between 800 and 1400 ft occupies > 48% of square
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ISA Attribute
Number

Land above 1400 [ft is present in square
Land above 2000 #t is present in square

o~

Altitude range < 100 ft
Altitude range 100-300 ft
Altitude range > 300 ft

S8lope Class 0-5? occupies 4-24% ol square
Slope Class 0—5; occupies 28-48% of square
S8lope Class 0-5 occupies > 48% of sqaure

Slope Class 5-110
S8lope Class 5-11
S8lope Class 5-11

occuples 4-24% of square
occupies 28-48% of square
occupies > 48% of square

Slope Class 11-*2 occuples 4-24% of square
Slope Class 11-22 occupies 28-48% of square
. Blope Class 11-22 occuples > 48% of square

Slope Clase > zd occupies 4-24% of sqguars
Slope Class > 220 occupies 28-48% of square
Blope Class > 22" occupies > 48% of square

Bl Islels 1S IR e

24 Aspect northerly in 4-48% of sguare
25 Aspect northerly in > 48% of square
26 Aspect easterly in 4-48% of square

27 Aspect easterly /in > 48% of square

28 Aspect southerly in 4-48% of square
20 Aspect southerly in > 48% of square
30
81
32
33
34

Aspect westerly [in 4-48% of square
Aspect westerly in > 48% of square

River and stream frequency score 1-5
River and stream frequemncy score 8-15
River and stream frequency score > 15

38 - |
36 - 1
37 - \l

|

g8 Urban area present

39 Individual buildings absent

a0 1-4 individual mapped buildings
a1 5-9 individual mapped buildings
42 >10 individual mapped buildings
43

44

5 No roads mapped (in square
23 Principal roads present, frequency score 1-4
47 Principal roads present, frequency score > §
48 Other roads prciont, frequency score 1l-4
ﬁg Other roads present, frequency score > 5

0 No footpaths mapped in square

1 Footpaths present, frequency score 1-4

2 Footpaths present, frequency scors > §
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ISA Attribute

Number

53 No field boundaries mapped in square

54 - : .
55 Field boundaries present, frequency score 1-7
56 Field boundaries present, frequency score 8-15
57 Field boundaries present, frequency score 16-25
58 Water bodies occupy > 50% of square

59 Dominant average rainfall 800-1000 mm pa

[:1] Dominent average rainfall 1001-1200 mm pa

81 Dominant average rainfall 1201-1600 mm pa

62 Dominant average rainfall 1601-2200 mm pa

63 Dominant average rainfall 2201-3200 mm pa




APPENDI

Key to ISA Classification of LF:I Types

This kdy operates in succeuiv& steps in the way described for th
vegotnﬂom clasasification in Appendix 8. To apply it to any are
coupardblo t0o the hill and upland on which it is based requires- aJre#ord
;0f the 30 'key attributes' underlined in Appendix 7B, for 0.5 x 0.5 km
'grid square units covering the new area. The reference numbers for
attributes in the key are those used in Appendix 7B. From the fioquenc]
of 'misclassified' squares in Ehe original classification (see Appendix 4
for a aulnlry of the ISA method) it is likely that some 8% of grid
squares in a new area could be allocated 'incorrectly' by the use of
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Indicators: Wegative (each = -1) Pogitive (each = +1)
Step 1 _
7 Land above 1400 ft present : 6 Land between 800 and 1400 ft,

> 489
40 1 ~ 4 buildings present

30 No buildings

4o No roads

50 No footpaths

53 No field boundaries

49 . Minor roads present,
. frequency score > 5

56 Field boundaries present,
frequency score 8 - 15

57 Field boundaries preaenf,'
frequency score 16 - 25

Score less than or equal to -2 go to 2
Score greater than -2 go to 3

Step 2

11 Altitude range > 300 ft 10 Altitude range 100 ~ 300 ft

19 Slope class 11 - 22°, 14 Slope class 0 - 5°, > 48%
28 - 48% : 53 No field boundaries

20  Slope class 11 - 22°, > 48% 62 Dominant average rainfall

21  Slope class > 22°, 4 - 24% 1601-2200 me pa

31 Westerly aspect, > 48% ' .

60 Dominant average rainfall
1001-1200 mm pa :

Score less than or equal to 0.= Steep Hill (Land type 1)
Score greater than 0 go to 4

Step 3 , _

3  Land below 800 ft, > 48% 6 Lend 800 - 1400 ft, > 48%
11 Altitude range > 300 ft | 9 Altitude range < 100 ft
12 Slope class 0 - 5°, 4 - 24% 14 .Slope clags 0 - 5%, > a8y
21 Slope class > 22°, 4 - 249 50 No footpaths
62 Dominant average rainfall 61 Dominant average rainfall

1601-2200 mm pa 1201-4600 mn pa

Score less than or equal to 1 go to 5
Score greater than 1 go to 6
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Steg 4 ;

10 | Altitude range 100 - 300 ft 9 Altitude range < 100 ft

12 | Slope ﬁlass 0~ 5°, 4 - 24% 14 Slope class 0 - 5°, > 48%

13 | Slope klass 0 - 5°, 28 - 48% 15 Slope class 5 - 11°, 4 - [24%
17 | 8lope class 5 - 11°, > 48% 16 Slope class 5 - 11°, 28 - 48%

18 | Slope blasa 11 - 220, 4 - 24$‘

Score (lesg than or equal to -1 = Hill (Land type 3)
! Scors pmimves’ than -1 = High Plateau (Land type 4)

5 |
.:.T Land sbo - 1400 tt, > 48% 3 Land below 800 ft, > 48%
11 Altituﬁe range > 300 ft 10 Altitude rangelloo - 300 £t
30 | No buildinge : 17 Slope class 5 + 11°, > 48
55 | Field boundaries present, | 40 1 - 4 buildings present41

frequency score 1 - 7 49 Minor roads present,

frequency score > 5

67 Field boundaries present,
frequency score 16 - 25,

Score less than or equal to 0 = Steep Upland (Land typé 5)
Score greater than 0 = nargingl Upland (Land type 6)

Ste? 6 : | i

10 Altituhe range 100 ~ 300 £t 9 Altitude rangei< 100 £t

13 | Slope ?1.:; o - 5% 28 - 489 14  Slope class 0 - 5°, > 489

17 slope_klass 5 - 11°, > 489 ) 15 S8lope class 5 + 11°, 4 - 24ﬂ
31 | Westerly aspect, > 48% 39 No buildings

47 ' Principal roads present,
frequency score > 5

61 | Doninaht average rainfall |
1201-1600 mm pa |

Score [less than or equal to —i = Upland (Land type 7)
. Score greater than ~1 = Upland Plateau (Land type 8)
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APPENDIX 9

Land Characteristics Tabulated for Vegetation Main Sites

(8) The land characteristics iisted here are those recorded from 1:25 000
0S maps;or sketch maps derived from these maps, for the 'points' at
which main sites are located, in order to enable associations between
site characteristics and site vegetation class to be explored. . The
data were recorded for each site as the relevant atiribute number for
each category of observation, ie one number from 1-6; one number from
7-10; etc -for each site.

Altitude Class

< 122 m (400 ft)

122-244 m (400-800 ft)
245-335 m (800-1100 ft)
336-427 m (1100-1400 ft)
428-609 m (1400-2000 ft)
> 609 m (2000 ft)

b W

Slope Class (derived from sketch maps)

7 0-5°
8 B8-11 o
9 12-22
10 > 22°
Aspect Class (derived'from gketch maps)

11 generally northerly (NW-NE)
12 generally eaaterly (NE-SE)
13 generally southerly (SBE-SW)
14  generally westerly (SW -NW)

Proximity to Roads

15 < 0.25 km from a mapped road or track

16 0.25-0,5 km from a mapped road or track
S 17 > 0.5 km from a mapped road or track

Proximity to Houses

18 < 0,25 km from a mapped building

19 0.25~0.5 km from a mapped building

20 > 0.5 km from a mapped building

¥ield Location .

21 Site within mapped field boundaries
22 Site outside mapped fleld boundaries
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(b) This group of site characterist

notes or, im the case of soil pﬂ, from laboratory analysis of fiel

samplesr

8lope, gcrosa 200 n? quadrat

Lo

23 0-5°
24 - 8-11°
25 12+zz
26 > gz

(rapid fiald assessment)

27 Saﬁd or sandy loam present
hs Loam present
Clay loam or clay present
Peaty soil present

5

0

Boil depth, at cormers of 200
U
E1
32
Es
[

4

85

gerinf to rock or obstruction

'sﬁallow’ (20 cm mean deﬁt
'MQderato' (20-50 cr mean
'DTep' (> 50 cm mean dept

rapld assessment by soil ¢ol

|
Good

8 Moderate
7  Moderate and poor
8  Poor

pH; by laboratory measur

§

2
5:0

1- 4
+71-8,
. 1 s.

V’Olhvbl\
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Soil texture, at cormers of 200 m? quadrat

nk quadrat (rapid assessment by

!

01l Drainage Class, at corners of 200 m? quadrat

Good and moderate or poor |

cm|depth samples from th:mtorners of the 200 m? quadrat

ics are those obtained from field '

by stones)

:

)
epth)

and structure)

|

nt, as the average of four






