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SUMMARY

In view of the growing need to consider the value of large
areas of countryside for the purposes of wildlife conservation, it
was proposed to investigate remote sensing techniques as a means
of providing a suitable data base for the collection, storage and
evaluation of ecological data relevant to the needs of conservation

evaluation,

Two main study areas, one upland, one lowland, were chosen
according to air photo availability and habitats were mappad for
each area. These habitats corresponded mainly in the upland area
to vegetation units, and in the lowland to land use categories.

The air photos used were black and white prints at the scale of
1:10,000 and mapping categories were derived from previously defined
classifications. In neither study grea was it possible to identify
all the a priori defined categories. An air photo study was
undertaken to map vegetation according to an a priori defined
classification. This study in the Moor House National Nature
Reserve achieved a low level of accuracy. The need to develop

- classifications based on air photo interpretable criteria is therefore
suggested. The parameters used for conservation evaluation - species
diversity, vertical-strata and local scarcity - wera compared to
subjective evaluations (made by a group of eminent ecologists) of ‘
the habitat types, and it was possibla to suggest the relative
importance of each ecriterion. The best indicators of conservation

value were found to be local scarcity in the upland, and vertical

strata in the lowland study areas.

An experiment carried out to determine the optimum grid sguare
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size for data collection found that data collected at square size
groupings larger than the basic % kilometre grid square gave, in
the upland region, an acceptable level of information loss. In the

lowland study area, however, the level of information loss was greater.
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CHAPTER T

CONSERVATION EVALUATION

l. The Problem,

In a densely populated country such as Britain, interested
groups working in ecology and conservation havé'only relatively
recently realised the need to identify more definite and far
reaching aims than, as stated in the 1949 National Parks and
Access to the Countryside Act, to "preserve and enhance the

natural beauty of the countryside". The ecological movement

has succeeded in replacing this one~time philosophy of preserva-
tion'with that of 'conservation' an essentially anthropocentric
concept since its ultimate aims are the perpetuation of earth's
resources for the use and enjoyment of man, It incorporaées the
need for a deeper scientific understanding of the environment

in order to maintain it as close as possible to a state of
balance.

The processes of technical production and cultivation
methods introduced during the agricultural revolution have been
blamed for helping to diminish the ;ichness of the original
British flora and fauna and for narrowing the range of environ-
mental sites, both major factors contributing towards inbalance
in the environment.

The problems are now recognised as being not merely ecolog-
ical ones, however. Ash points out the "realisation by ecologists
that they must involve planners in their ideas of 'a world in
balance'", since science being 'a response to human needs, is
a ‘'social phenomenon", (Ash 1972).

Accompanying changes have also taken place in the planning
field in Britain during the last few years and this again is a
response to unprecedented population growth accompanied by
increased demands on land. In sympathy with L D Stamp's

"range of environmental conditions" in Britain (Stamp,1969)



is the move towards regional planning and the recent local

government reorganisation, Most of Britain is now covered by
Regional Development Plans and the Town and Country Planning
Act of 1971 specified that one of the responsibilities of the

planning authorities for the re-organised regions should be to

examine and keep under review
n"(a) the principal physical and economic
characteristics of the authority (including
the principal purposes for which land is used"
(Town and Country Planning Act, 1971). _
The contribution of ecological information to the process
of environmental planning would, therefore, be effective at
the regional level, The aim in this context would be to pro-
tect the areas most interesting ecologically by allowing only
compatible forms of 1and use, with necessary development taking
place in the least interesting areas, However, in competition
with other 1and uses such as those of agriculture, forestry-
or urban, conservation for wildlife has distinct disadvantages
in that, even should data on wildlife be available or obtainable
its value as a land use is difficult, if not impossible to measure
in quantitative terms. Bunce and Shaw state the situation
clearly with
"In any serious conflict of interest the paucity of
ecological facts nearly always places conservation at
a disadvantage compared with the alternatives for which
more tangible and therefore convincing-érgumenta can
'be presented. (Bunce and Shaw, 1973).

2. Evaluation of Wildlife

Thus the urgency to state their case in more ooncrete
terms is becoming apparent among ecologists working in the
field of conservation evaluation. In an attempt to do so

Helliwell classes the value of wildlife to man under the




following gfoups:- (Helliwell, 1973)
(a) Production (1) Actual meat, fish etc.
(11) Potential ~ reserve of material for breeding
- control of pest species,pollination,
.= facilities for research work and

training in scientific methodology.

(b) Recreation (1) Education - to broaden one's mind

(11) Natural history studies, photography etc..
(111) contribution to landscape, or character of

a locality.

He.defines wildlife as "all macroscopic'organisms other
than those which have been domesticated introduced or bred"
and goes on to discuss their value in both monetary and non-
monetary terms.

In spite of the fact that Helliwell has been criticised
by Hooper for the allocation of numerical values to subjective
Judgments (Hooper 1970) it seems that adegree of consensus
will be obtained only when ecologists have become confident
enough to give personal opinions about wvalues. Values must
necessarily, by their very nature, be subjective and thus,
are easy to criticise.

Apart from the need for a greater degree of standardisation
in ecological evaluation studies, it has also been recognised
that there is a need to consider, in ecological terms, the
whole of the landscape, including neglected and vegetated sites
within urban areas, agricultural and unenclosed land, as well
as the more obvious, already protected National Parks, Areas
of Outstanding Natural Beauty, Nature Reserves etc. However,
this is often difficult due to the lack of the necessary
information for the whole areas of countryside, or the inability

to collect it efficiently.

Of the relatively few studies already undertaken for



ecological evaluation by bodies such as the Nature Conservancy,
Planning Authoritiea and Universities, the earlier ones have,
on the whole, been concerned with restricted areas and parti-
cular habitat types, e.g. Tubbs and Blackwoods' survey of chalk
grassland, (Tubbs and.Blackwood, 1970) and all studies have
been independently carried out, using different types of data
and data collection techniques, different evaluation parameters
and with differdnt weilghtings aftached to each parameter.

Some similar problems are apparent in the field of Landscape
Evaluation, These include the difficulty of evaluating land-
scapes subjectively, of combining subjectively derived values
and of extension of locally-designed methods to be of general
regional or county value. (See Weddle, 1969).

3. Habitat Parameters used in Conservation Evaluation,

A composite list of the habitat parameters used by the exist-
ing methodologies for conservation evaluation of an area of
countryside is given below:

Size

Shape

Vegetation Species Diversity

Inter-and Intra-~Habitat Diversity

Faunal Species Diversity

Distance from nearest similar feature

Vertical Structure of Vegetation

Degree of Naturalness

Rarity of Individual Species and Rarity of
Habitat Type.

The parameters are important individually but additionally,
each may be dependent on, or be enhanced by, the value of another
parameter, e.g. Faunal Species Diversity may be a function of
Vegetation Species Diversity, or of Vertical Structure of the

Vegetation., In considering the parameters individually, these




relationships will now be described in more detail.,
Size

The size of a habitat is important in determining its
value for wildlife, This is due to the fact that large sites
can support a greater number of each species, and also a greater
number of different species (Helliwell, 1973). The number of
birds occupying a wood will be limited by the number of terri-
tories which can be accommodated within thé wood. However,
there appears to be a size reached, varying according to the
particular type of habitat, at which the number of different
species will not increase significantly with further increases
in size (Hopkins, 1955). Size also affects the stability of a
habitat (Moore, 1962). Thus, if a habitat is reduced in size
its key species become liable to extinction through inbreeding
or accident.

Shape -

The shape of a habitat also affects the species
composition, Williamson (1967) concluded that areas of scrub,
to be of maximum use to birds, should be at least one acre in
extent and have an irregular outline. Elton states that the
edge of a wood "is usually richer in species of plants and
animals than the heart of closed scrub or wood", (Elton, 1966).
On the whole this is because edges tend to harbour plants and
animals of both types of habitat and an edge is often a tran-
sition between vegetation of ‘different heights, or vertical
layers, Hedges are generally classed as woodland edge and
although incapable of harbouring such species as nightingale,
which needs a minimum of two acres, they contain, according to
the Warwickshire check list, many more species than woods

(Readell, Hawkes and Cadbury, 1965). 131 species are noted as

occurring in both hedges and woods, as against 48 species in

woods but not hedges.



Vegetation Species Diversity.

In terms of ecological value, species diversity is
important in that the presence of a large number of different
plant species in a habitat will support a large number of
different animal species which depend on the vegetation for
their individual cover and food. Each animal has its own:
particular niche and food requirements which may be provided
by only one, or a few plant. species, Another advantage of
species diversity is that high species diversity is usually
related to a high degree of stability of the habitat (Westhoff
1971) but this is not always the case. - Species diversity is
usually measured by estimating the number of different speciles
present, though percent cover could also be considered. A
study by University College (conservation Course,1972)

(Appendix 1) of the Wye Valley and surrounding upland, con-
cluded that "the interest of (theéo)-upland zones may lie more
in the combination of the plant associations represented, rather
than in their species or structural dive}sity“, since it was
found impossible to give similar weightings to species diversity
in upland and lowland land systems, This conclusion is support-
ed by the fact that Holdgate (1971) and Helliwell (1973) also
consider habitat diversity; i.e.'the number of habitats on one
site, to be an important factor..

Inter- and Intra-Habitat Diversity

No study has yet included this parameter, i.,e, the range
of different habitat types in an area and the amount of variety
within a habitat. Yet these are major considerations in
reserve management. Ovington (1964) stresses the fact that in
woodland nature reserves it is "important to have represented
as many different types of woodland as possible".

Helliwell (1973) states
"e.eesan area which has a wide variety of habitat types

will be of greater value than an area of uniform type,




and habitats with a variety of age and structure #nd with
only a limited amount of disturbance will be of greater
individual value to wildlife conservation™, As well as
diversity between habitats, (inter-habitat diversity),
diversity within habitats is also considered important. This
can include features such as terrain variations and irregular-

ities, relief differences, dissection by stream channels, rock

outcrops, presence of boulders etc.

Faunal Species Diversity (related to Vertical Structure of

VYegetation, .

Because of the obvious difficulty of counting animal
species in a habitat, plant species diversity and vertical
structure of the vegetation are generally used to indicate
this factor. Elton (1954) maintains that the structure of a
habitat is often more important to animals than its species
composition, and that animals often recognise their habitats
structurally, by the vertical layers present.. lle says:

"Many animals have vertical day and night movements

e« .the harvestman (Leiobunum rotundatum) spends the
day on tree trunks at various heights, coming down
at night to search for prey in the ground zones and

field layer" (Elton 1954),

He recognises four formation types in the terrestrial system
which are

1, Open ground

2, Field layer

3. Scrub layer

4, Woodland.

.

And in the Aquatic system, eight vertical layers but only three

of which, Bottom, Water Mass and Water Surface, are associated

only with the water body itself.



Distance {rom the Nearest Similar Feature.

It is not known how much importance should be attached to
fhe contiguity factor in ecological surveys but it is generally
agreed that contiguity does have a degree of influence on
species richness, Other things being equal, the more
isolated the site, the lower the number of species it will
contain in relation to its size,

Moore (1962), working on heathland in Dorset, found that
very small isolated areas of heath were characteristically
unstable and had a poorer fauna., A distance of 5 kilometres
from the main heath areas was found to be effective in prevent-
ing the occurrence of certain animal species, but with higher
plants such as trees, much smaller distances seemed to be
effective, It can be seen, therefore, that hedges, which
provide continuity bétween patéhes of scrub or woodland, are
capable of providing a link by which a species can pass from
one wood to another. In a well wooded and hedged area the

value of a hedge in providing continuity will be considerably

lower than in an area of few hedges,

Vertical Structure of Vepetation (discussed under Animal

Species Diversity, above.

Degree of Naturalness.

This is also a difficulty parameter to quantify,lsince
virtually no natural vegetation still exists in Britain and it
is not known to what extent man has influenced many of the pre-
sent semi-natural communities., Consequently few studies deal
with naturalness as a criterion for evaluation, although
Westhoff (1971) describes four degrees 6f naturalness in the
landscape, i,e, natural, sub-natural, semi-natural and cultivated.
On the whole, naturalness is related to diversity and stability

of ecosystems and its importance lies largely in these two

criteria. MNarrison and Warren (1970) state:



"Communities representing earlier stages in the
succession towards the climax state exhibit low
species diversity, simple food chains, violent
fluctuations in species numbers and are
vulnerable to environmental changes"®,
Mutch, discussing managed systems, says:

",esethey lose diversity and inherent stability

as intensity of management iﬁcreases".
On the whole, therefore, the closer a system is to its natural
state, the greater the number of species, and the greater the
stability. A complicating factor is that the disturbance of
only part of an area will increase the species diversity of

the area as a whole, as colonising plants become established.

Rarity of Individual Species.

The importance of this parameter is based on the fact that
the value of a species or habitat increases as its abundance
decreases, According to Ratcliffe (1971) "Rarity of habitats
and communities is probably of greater .importance than rarity
of species®" and Scott (1972) states thaf "rare specles occur
in rare habitats", The majority of studies (e.g. Warwickshire
County Council, 1971, Conservation Course, 1972, Scott, 1972)
use rarity of habitat type rather than individual species
rarity. The question of rarity is important at varying levels,
i.e. local, regional, national and international, and should
ideally be measured at all these levels, .since nationai and
international rarity are significant at the regional and local
planning levels; moreover, within the planning process, control
is often at this level, Measurement of rarity, however.jis
difficult if not impossible, owing to the lack of records but
Helliwell's study using the Atlas of the British Flora
(Helliwell, 1974) was able to consider rarity of species at

the national, regional and local levels, these being defined




10 ‘
in sizes of 10 km, grid squares.

The importance of rarity is illustrated by the considera-

tion of lowland heath in England. Having lower species diversity

than, for example, permanent pasture, it is rated higher in

ecological value because of its scarcity at the national level.

Dune heath in England, moreover, is rare enough to warrant

consideration at the international level. |

4. Need for a Methodology.

The need for a standardised methodology for use in con--
ser§ation studies and land use.plaqning is obvious, This would
enable comparison between different areas so that planning for
wildlife could be carried out not only locally but on a national
scale, It would have to be applicable to a range of conditions,
including both upland and lowland, rural and urban areas and be
capable of incorporation into the planning framework, In general
the value of such a methodology would increase, the more object-
ive and accurateit became; however, it must be realised that
one devéloped primarily for planning purposes must take into
account the particular level of the planning process at which
it is to be applied; this consideration will then decide the
level of accuracy required, balanced against the speed and
efficiency of the survey which would be ‘conditioned by the
planning budget. Experience with county planning authorities
indicates that at the regional planning level the most useful
methodologies are the simplest ones, often at the expense of
ignoring some of the less important features, or time=consuming
data collection.

The rapid collection of ecological information at the
regional survey scale is now possible with the increase in the
availability of aerial photographs. - These are now being used
by planning authorities, universities and commercial bodies,
though their use is still limited by the availability of

suitable and up-to~-date air photo cover,
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5. The Wildlife Habitat

In an attempt to simplify data collection and evaluation
in ecological surveys, both by field methods and using aerial
photographs, habitats have generally been used since they

represent broadly homogeneous units containing similar intermal

conditions for wildlife.

'Habitat'! is defined as "the environment in which a
species exists" (Conservation Course 1972) and because animal
species, to a large extent, depehd for their food and cover on
the structure and composition of the vegetation, vegetation is
generally used as the basic mapping unit for the wildlife
habitat (see Bunce and Shaw, 1973). ' Other non-vegetational
features may be important in providing variety of food and
cover in a particular habitat and may be essential for the
existence of some plant and animal species, e.g. ponds, streams,
rock outcrops, field boundaries., Thus a complex of additional
Ifeatures should be considered during the data collection stage.

6. Mapping Categories

In the absence of an adequately comprehensive classi-
fication of habitats in Britain, it is at present necessary
to devise a separate classification of habitat categories for
each region to be evaluated. For example, in the Merseyside
planning region special consideration has to be given to a
category of 'Unimproved mossiand', which would not occur in
most other planning regions and existing habitat classifications.
Additionally, categories developed for a remote upland region
would almost certainly correspond mainly to vegetation mapping
categories, having gradual indistinet boundaries between one
type and another which would be difficult to distinguish in
the field. In a hore densely settled region, however, as in
lowland England, where little or no semi-natural vegetation

exists, mapping categories based on habitats would be more
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likely to' correspond to land use typ;s, featuring distinct

and concise boundaries between them, The Biological Sites
Recording Scheme does provide a comprehensive method for
classifying habitats, based initially on vegetation structure
but this is not considered suitable or.detailed enough for all
levels and methods of data collection, particularly over large
areas of countryside. (See Appendix I).

It i1s important that the mapping units chosen, of whatever
type, are compatible with broader, standard classifications
which have already been recognised in the appropriate fields
of study, such as vegetation mapping or land use studies.

This is particularly so in the absence of established habitat
classifications, or those adapted to the capabilities of a
data source such as aerial photographs.

7. Data Storage and Evaluation,

There are two types of areal unit for which data can be
stored and evaluations made. This generally depends on the
type of survey to be undertaken. Grid squares tend to be
preferred for surveys of the whole landscape and discrete areas
for surveys of a defined habitat type. Although there are many
obvious disadvantages (Forestry Commission, 1976), grid squares
are emerging as a basis for most types of planning informationj
they can be grouped or subdivided according to the required
accuracy level; they are uniform in area and are stable
reference units covering the whole country. Use of the grid
square simplifies the situation when more than two different
types of planning information have to be compared. Boundaries
are constant and values can be combined for corresponding areas.

Evaluation of an area of countryside has usually consisted
of weighting each of the parameters used (see description of
parameters, above) for each habitat type, and combining the
weightingslfor each grid square by multiplication or addition,

based on the proportion of that habitat type in each square.
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One of the majdr difficulties has been concerned with

welghting the parameters relative to each other; (See Appendix I

for descriptions of the major ecological evaluation surveys

carried out in recent years).

There are still many questions in ecological surveying to
be answered, including not only what types of data to collect,
what evaluation parameters and weightings to use for each para-
meter, but also whether a greater degree of objectivity can be
obtained at all, O'Connor questiqns the very basis of object-
tivity in ecological surveys by saying:

"It is not clear whether universally applicable criteria

are available, or whether each land area must be

treated as a special case.... Nor is it yet clear

to what extent criteria derived from established

‘ecological principles provide a better basis for

value judgment than the collective views of experienced

naturalists that a particular area of habitat is

valuable from their point of wview",

However, for a particular level of survey it should be
possible at least to specify standardised survey techniques and
the types of data which should be collected, within the limits
of the resources and technology available for daté acquisition.
At the regional planning level it seems that aerial photographs
are replacing ground survey methods. Although they are able to
considerably reduce the time taken for ocological surveys of
large areas, their cost is often prohibitive, unless they can
be seén to providé a ﬁaeful data source for other types of
planning information as well, For the purpose of a specified
type of survay,-however, it is necessary to know what 1s the
amount of useful information which can be obtained from air
photos,'what type of information can be collected, how much

field checking will be necessary and obviously what film types




e U

scale of air photos, time of year, day etc., would be best to
obtain the information required. _ 5

Thus, the mapping cﬁtegories and parameters used in
ecological evaluation surveys should be considered from the point
of'view of air photo capability, e.g. can information about size,
shape, species diversity etc. related to wildlife habitats be
obtained from an aerial photograph? What would be the best
time of year to obtain this information and what are the best
types of film emulsion and data processing and enhancement
techniques to use? It is suggested that more should be known
about the data collection process for surveys of large areas
before refinements in data evaluation can be effected.

Chapter II will deal with Remote Sensing and its applica-
tions to ecological survey, with particular reference to
vegetation mapping. Expanding on this, Chapter III degcribes
a study undertaken in the Moor llouse Nature Reserve to evaluate
the capabilities of aerial photography for mapping vegetation
in accordance with established vegetation classifications;
and Chapters IV, V and VI deal with the two main study areas,
Gairloch and Merseyside. The aims are to show, at the
reconndissance scale, or at a scale suitable for county and
regional planning requirements, the data collection, processing
and evaluation stages of an air photo based survey of wildlife
habitats in each area, and thug to assess remote sensing
techniques in relation to conservation evaluation, The final
Chapter will suggest a simp;ified methodology which could be

used by planning authorities for rapid, first stage surveys

in both upland and lowland areas.
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- CHAPTER II

REMOTE SENSING

PART I REMOTE SENSING AND AERIAL PHOTOGRAPHS

I. Introduction

Remote sensing is defined as 'the art of acquiring information
about an object while at some distance from it'. There has
been a remarkable 1ncreaée during the last decade in its
applications for the collection of information related to
earth's resources. The stimulus for this growth has been the
vastly increased and urgent need for knowledge about the
earth's surface, the environment, and interelationships of
features in the environment, which are more rapidly, and often
better documented from a synoptic vieﬁ. On-going research in
the remote sensing field is concerned especially with dealing
with the vast amounts of data accumulated, the main emphasis
being on rapid, machine-assisted. data extraction, data

enhancement, and storage.

In Britain, the unsuitability of the weather for flying during
most of the year and particularly in the winter months, is a
disadvantage; April, May and June being the best. Much -
research still needs to be done on finding the best times of
year for photographing different features or types of
resources. For general vegetation surveys the question should
be asked, "When do the maximum differences in tone and/or
colour occur between different vegetatiog types, which would

produce the greatest degree of contrast on a corresponding

image?".

:
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The understanding and interpretation of a remotely sensed
image is aided by a small amount of experience, but is further
enhanced by the understanding of certain basic principles of
remote sensing which, if considered in their entirety, can
fully explain the appearance of an object on an aerial
photograph. There are several kinds of remote sensing devices
designed for acquiring information using different parts of
the electromagnetic spectrum e.g. Radar and Thermal Infra-red
detectors, but since these systems are not yet operational in
Britain, this account will be limited to remote sensing in the
visible and near infra-red regions only (see Figure I).

2. The Electro-Magnetic Spectrum

The sun emits a continuum of wavelengths over a sizeable

distribution of the spectrum, but some of the energy

propogated is lost via interactions with the atmosphere, while
the rest continues to the target. It can be seen from the

| trapsmission graph that the atmosphere has well defined

‘windows', which will permit the passage of certain wave-

lengths, while others are restricted. For example, good

atmospheric windows occur in the visible and near infra-red

parts of the spectrum.

At each stage in the remote sensing process, energy in the
form of photons generated by the sun, reacts with matter i.e.
atmosphere, térget (object), fiiter and film, and when a

photon strikes matter it can be either absorbed, emitted,
scattered or reflected (see Figure 2).

But because absorption, emission, scatter and reflection are

—_—d
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Figure 1

Aston University

Nlustration removed for copyright restrictions

The regicns of the electromagnetic spectrum. (Subcommittee I, Photo Interpreta-
tion Committee, American Society of Photogrammetry, Photogrammelric Engineering,
29:761-799, 1963)

Figure 2 Diagram of energy flow (after Holz,1973)

Aston University

lustration removed for copyright restrictions




18

selective with regard to wavelength, and are specific for that
kind of matter, depending on its atomic and molecular
structure, it is possible to identify an object from a

photograph which is sufficiently detailed.

The fact that the final recorded image is dependent on wave-
length permits both prediction of the appearance of an oﬁject
on a photograph, and the detection of different objects
using different wavebands i.e. multispectral remote sensing

which exploits unique energy signatures.

There are difficulties, however. There is never a predictable
interaction between photons and matter, since scatter occurs
before‘and after contact with the object and also at the
object itself. Also, the atmosphere contributes to the total
energy hitting the object, so the true reflected signal may be

affected by radiation from other sources.

Scattering (see Appendix II) is performed by particles in the
atmosphere, including gases, haﬁe, fog, rain, snow, smoke etc.
and its effect is to intercept and deflect light energy from
its path betweén sun, object and camera., Scattering is
selective according to wavelength and has more effect in the
shorter wavelength, blue part of the spectrum; +thus it is
possible t0 photogrgph throﬁgh some of the smaller pérticles
such as haze by using a film sensitive to the longer wave-

lengths, such as infra-red film with a yellow filter to cut
out blue light.

The amount of reflection from an object depends on the angle

of-incidence, on roughness, on the intensity of light energy




incident, on the object, and on the object's absorption

characteristics with respect to wavelength i.e. spectral
reflectance, which varies considerably within the visible
spectrum, fresh snow ?eing capable of 70-90%# reflectance and
coniferous forests as low as 3%. Furthermore, selective

absorption determines colour, so that an object absorbing red

and blue light will appear green.

The amount of reflectance from an object can be measured at
different wavelengths, using a spectrophotometer, and it is
thus possible to tell what part of the spectrum would be best
for distinguishingbetween objects (Figure 3).

Additional factors which can affect the quality and information

content of an aerial photograph are summed up by Roedel (1972).
(See Appendix III). '

3. The Photographic Process

On exposure to incoming radiation from an object, the
sensitivé silver bromide or silver halide crystals on the film
absorb photons and are changed to metallic silver, one grain
of silver bromide needing, on the average, four photons to
become sensitised. A film made using larger crystals to.catch

all incoming photons would produce grainy pictures.

A filter can be used to .change the spectral balance of energy
reaching the film, and since it is used to exclude some of the
wavelengths to which the film is sensitive, its spectral
transmission must be chosen in conjunction with film
sensitivity, e.g. a yellow, minus blue filter is often used with

panchromatic film to minimise the effects of atmospheric haze




FPigure 3 Prediction of photographic tones from spectral
analysis (from Manual of Photographic
Interpretation, 1960).

Aston University

lustration removed for copyright restrictions

Figure 4 Curve showing the spectral transmission
characteristics of a 'minus blue' filter
{frgm}ﬂanual of Photographic Interpretation,

190 - | -

Aston University

Hustration removed for copyright restrictions




(Figure 4).

Densitometric analysis methods are now being used to analyse
remotely sensed images according.to the density of the image
on the photograph compared with light reflected from the
corresponding object. Eventually it may be possible to
identify automatically different objects on the ground, based

on their image density in different wavebands i.e. from their

spectral signatures.

4, Air Photo Intervretation

Photographic interpretation is defined as "The act of
examining photographic images for the purpose of identifying

objects and judging their signifance", (American Society of
Photogrammetry, 1960). ‘

Image Quality

0f the many opinions as to what constitutes a good aerial

photograph, four main criteria emerge. These are:-

Tone Contrast - Often seen as the most important siﬁgle

element, it refers to the difference in tone between

objects and their background, or adjacent objects.

Iﬁége Sharpness - This accounts for the abruptness with

which the tone, or colour contrast appears to take place

on the photograph.

Stereoscopic Parallax - A three-dimensional image can be

obtained on overlapping adjacent photographs, of an area
common to both photographs, if set up under a stereoscope,
The 3-D image obtained contributes greatly to the

separation of objects of different height which may be

similar in tone.
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Resolution - This refers to the capabi;ity of the.

photographic system to distinguish between small objects,
and is defined as the ability to render a sharply-defined
image, measured in lines per millimetre. Because
resolution falls off at high and low exposure levels, the
washed-out appearance of broad-leaved trees on infra-red
photographs is partly due to poor resolution caused by
exposure levels set to record less reflective objects in

the same scene e.g. shaded areas. Detection of certain

objects smaller than the resolution capability of the
system however, is possible due to the ability of
certain very bright objects in a dark background
‘contaminating' neighbouring grains_of filﬁ through
reflection; also, long, narrow objects such as telegraph
wires may resolve since their length results in

exposure to several silver bromide grains.

Fundamentals -of Air Photo Internretation

Because the vertical view présents obﬁects in an unfamiliar
aspect, attention to certain characteristics of air photos
can aid in fkhentification. These characteristics are size,
shape, shadow, tone and colour, texture, pattern, site and
association. The first six of these criteria are obvious
since they refer to the actual objects in question. In
circumstances where few easily identifiable features are
afailable, it may be possible to use knowledge of site, or

association with adjacent features. For example, the

‘interpretation of vegetation is often difficult, owing to
similarity of tone, texture and pattern of different
vegetation types. However, changes in vegetation type may

be accompanied by changing site conditions e.g. moisturé, or
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slope gradients, which are appropriate to.gach vegetation
type. Similarly, identification of a particular species may
be confirmed by the known presence of another species commonly
associated with it. Thus, as a general rule, the photo-
interpreter should proceed from known to unknown features, and

from the general to the specific. Maps, literature and ground

data can also be valuable aids.

5. -Photogrammetry

This is defined as "The science or art of obtaining reliable.
measurements by means of photographs", (American Society of
Photogrammetry, 1960). There are many accounts of photo-
grammetric techniqués available, e.g. Avery T E (1968),
American Society of Photogrammetry (1960). See Appendix IV

6. Film Emulsions

The most widely used type of film for aerial photography is
panchromatic, of which there are several types, varying in
speed, resolution and contrast. 'It is partiéularly useful in
Britain, since the film has a wider exposure latitude than any
other, which makes it useful for poor weather conditions. The
other main types of film wused are True Colour, Panchromatic
Infra-red and False Colour Infra-red (or camouflage detection
film). Of these four film types, the two panchromatic are
single emulsion films and the true colour and false colour

infra-red are multi-emulsion films i.e. consisting of more than

one sensitive layer (Figure 5).

The layers in the colour film are sensitive to blue, green and

red light and those in the false colour film to green, red and

infra-red light. Panchromatic film, however, can be confined



Figure 5 Graphs showing the sensitivities of true
colour and false colour infra-red film

types (from Jones, 1971).

True colour False Colour infra-red

Aston University

lustration removed for copyright restrictions
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Figure 6 Sensitivities of three types of panchromatic
film (Jones, 1971).

Aston University

Hlustration removed for copyright restrictions
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by filtration to specific narrow bands of the spectrum to
produce multispectral photography.

Panchromatic film

This type of film is capable of registering the entire visible
spectrum, 400-600m, in black and white (Figure 6), and it is
agreed by most authorities that its use with a minus blue
filter to reduce haze, gives the best film-filter combination
for general purpose use. Panchromatic film has high resolution,
though for some purposes its use is restricted by the fact that
colours in nature are reproduced by a limited number of

recognisable shades of grey.

Although air survey companies should be capable of specifying-
types of film and filter to be used, mistakes are not unknown,

and thus it is useful to understand some of the uses and
characteristics of different types of film with regard to

specific survey requirements. Additionally, interpretation

must often take these factors into account. For a fuller
description of True Colour, Panchromatic Infra-red, False

Colour Infra-red and multispectral photography, see Appendix V.

7.‘Technology for Remote Sensing Data Enhancement '

None of these techniques, apart from Additive colour, are as

yet operational. They are relevant because of their potential
¥ \

in dealing with the large amounts of data produced by remote

sensors, and they are therefore described in Appendix VI...
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PART II RIMOTE SENSING APPLICATIONS TO VEGETATION AND
ECOLOGICAL SURVEY

I. Introdquction

Ecology is, by its nature, multidisciplinary, since it is
based on the interelationships between organisms on the
ground and their environment. Remote Sensing too, in
providing a generalised view of the earth's surface, is
concerned with the complex of features on the ground which
make up the total environment. The uses of remote sensing
techniques in ecology should therefore be considerable,
but in practice, the field is little advanced in Britain.
The Russian approach to remote sensing is described by
Komarov (1968), the works of the C.S.I.R.0. in Australisa
by Christian, (1952) and the D.O.E. iﬁ Britain by Bawden,
(1967). All emphasise the landscape, or land systems
approach to remote sensing, an approach which is based on
the interelationghips of features on the ground which
produce a distinctive, and often characteristic paftern on
an aerial photograph (Nichol, 1974). These patterns may
bomprise many components within a particular land system
which contribute to its distinctiveness e.g. vegetation,
goil type, geology, drainage, agricultural and settlement
systems, etc. and it may be difficult to isolate each
component on an aerial photograph to produce a thematic Eap.

The remainder of this chapter investigates this possibility
in relation to vegetation. -
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As suggested in Chapter I, the evaluation of large areas of
countryside for conservation is dependent on finding suitably
efficient and rapid methods for the collection of ecological
information. Since the basic mapping unit, the wildlife
habitat, depends largely for its ecological interest on the
vegetation component, then vegetation mapping must be
considered one of the most important factors in ecological
survey. In semi-natural environments, vegetation is often
used as an indicator of other environmental features and in =
more densely settled region, land use types with similar
vegetational characteristics can be mapped as a single habitat
category, since they are likely to have a similar wildlife
value. Thus in evaluating the uses of remote sensing for

ecological survey, the emphasis is on vegetation mapping.

2. The Development of Aerial Photography for

, Vegetation Mapping

Until very recently, few small scale botanical sﬁrveYs'took
place in Britain. Reconnaissance and medium scale mapping of
vegetation is still in its early stages, and little use has,
therefore, been made of aerial photographs. This accoﬁpanies
a concern in Europe for the detailed classification of
vegetation and plant/habitat relationships, as opposed o0 an
interest in overall distribution of vegetatibn types over large
areas, as in the United States. After the development and
refinement of remote sensing techﬁiques during the second
world war, the tradition in the United States, of small scale
surveying, was well suited to their use, and éarly surveys

were carried out by Burks and Wilson (1939) and Colwell (1944).
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Some of the first workers in Britain to recqgnise the potential
uses of air photos for vegetation mapping e.g. Stapledon and
Davies (1936), Fenton (1951) and Taylor (1961), either did not
in fact use them, or used air photos only to check or verify
boundaries already distinguished by field observations.
Stapledon and Davies and Tivy mentioned the differences in
colour of moorland plant associations, particularly in the
autumn as being useful for recognising them at a distance.
Fenton foresaw the usefulness of colour aerial photography in
relation to the range of colours in moorland végetation, and
Taylor's vegetation survey of Wales at a scale of 6 inches to
I mile used aerial photographs to check boundaries of some
of the more recognisable types, such as bracken. However, all
stress the need for quantitative field data to support visual

observations either in the field or from aerial photographs.

Thus, the high levels of detail required, and a strong
dependence on precise definitions and classifications of plant
communities in Britain has meant that vegetation mapping is
étill an underworked field. In order to be able to compare
plant communities in different areas, and to use them as a

basis for more detailed studies, it is necessary to use

existing classification methods. This is the a priori

approach to vegetation mapping. In a priori classifications
detailed vegetation data obtained from field sampling is
sorted and divided according to certain physiognomic or

floristic criteria and the categories are thus derived.

In the United States, on the other hand, there has been a

preference for a posteriori classifications (Kuchler,1966).

Categories are derived from direct observations of plant

communities in the field, or from field work and aerial
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photographs combined. The end result is a vegetation map free
from preconceived ideas, but possibly unrelﬁted to other areas

which have been classified using either approach.

Studies of the a posteriori t&pe are recognised in Britain as
being of limited value to the ecologist. The Second Land Use
Survey, for example, covering all areas of moorland and
mountain pasture in England, was mapped by community and visual
dominance within the community, estimated from field
observations. It is recognised that units obtained in this

way can be highly variable (Eddy et al 1968), since no account

is taken of quantitative floristic or physiognomic factors
(Shimwell 1971).

Certain notable studies of vegetation in Britain have not used
aerial photographs at all, depending entirely on field quadrat
data to provide the detailed information on physiognomy and
floristic composition necessary in a priori classifications.
Examples are Poore's study of Scottish mountain vegetation
(Poore, 1955) and Ratcliffe's study of the vegetation of the
Carneddau (Ratcliffe, 1954). Edgell, studying the vegetation
of Cader Idris (Edgell, 1969), used aerial photographs only

to locate stands after the sampling and classification stages
had been completed. ' |

3. Recent Applications

Very recently, aerial photographs have been used by several
bodies in Britain for the identificetion and mapping of
vegetation types, with field work used only to verify the

initial air photo interpretation. These studies are mainly

concerned with upland vegetation and the mapping of large

areas of grassland, heaths and bogs.
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The Dartmoor survey (Perkins 1971) was undertaken partly in

order to produce a vegetation map suitable as a basis for

more detailed studies. Mapping categories were chosen using

an association analysis classification after field quadrat
sampling; thus nine categories, based on pe;cent cover and
species presence or absence were obtained. Seven of these
were easily distinguished on 1.15,000 scale colour aerial
photographs, on the basis of colour, texture and topography,

and a vegetation map with a high accuracy of 88.5% was

produced.

Goodier and Grimes (1970), have discussed the vegetation
mapping of the Rhinogau and Snowdon mountainous areas in North
Wales from the point of view of air photo feasibility. For the
Rhinogau Study, three different types of classification were
evaluated, There were:-

1. Poore's phytosociological classification, achieved by
grouping fieid quadrat data on the basis of physiognomy,
dominance and floristic composition. (Poore, 1955).

2. The Association Analysis method, grouping on the basis
of species presence or ébsence (Ivimey-Cook and Proctor
1966) . -

3. By initial photo interpretation, deriving categories on

an a posteriori basis, comparable with Kuchler's

Comprehensive Method (Kuchler 1966).

Although some correlations were observed between the three
types of classification, differences were large enough to
make @irect relation between the two a priori classifications
and between field data and the air photo images impracticable.
This is a result of the fact that an air photo image is
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produced by a combination of the complex relationships on the
ground between plants and features such as soils, geomorphology,
drainage, etc., and may bear little relationship to the actual
characteristics of the vegetation categories which are used

in a priori classifications. A multidisciplinary approach is
suggested (after Vink, Vestappen and Boon, 1965) in which
geomorphology in particular plays an important role. For
example, both a study carried out in Gairloch (Goldsmith, 1970),
and the Rhinogau study noted difficulties in distinguishing
moss heath communities in the higﬂest mountains where large
areas of bare rock were exposed, the main photo expression of

these areas being geomorphological rather than vegetational.

It is recognised, however, that if a priori classifications
are not fully suitable for relation to air photo mapped units,
neither do a posteriori classifications take full advantage
of the rapid mapping potential of air photos, since a
considerable amount of field work is required to analyse the

characteristics and vegetational composition of all the

mapped units.

Goodier and Grimes, therefore, suggest that efforts should

be made to develop classifications suitable for application
to photo-ecology.

Clearly the develoPmént of this type of photo-ecological
classification would need to take into account the abilities

and limitations of different types of remote sensing systems

for obtaining ecological information relevant to the

requirements of the mapping project. Defining the optimum
type of photography for a particular purpose would include
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considerations such as scale, time of day, time of year and
film and filter type. However, the fact that the ecologist
generally has to use any available air photo cover, limits his

ability at the present time to specify particular requirements.

4. Scale
Opinions on scale vary between workers studying different
resources in different areas. For example, scales of
1:100,000 and satellite imagery are frequently used in the
United States and Canada for nmapping forest vegetation. 1In
Britain, the predominant growth forms are smaller, e.g.
heaths and grasslands, thus necessitating larger scales of
imagery. The fact that much of Britain has been covered by
1:10,000 scale Ordnance Survey photography seems to support
the view (Ward et.al., 1971), that this is a good general

survey scale for Britain.

The level of detail required, depending on photographlc
quality, generally determines scale, though the smaller the
scale, th; fewer the prints required so that costs and
handl;ng difficulties are kept to a minimum.Additionally the
overall view is often valuable in determining the broader
plant;environment relationships which may be easier to define

from a single, as opposed to several photographs.

Goodier and Gfimes (1970) found that panchromatic photography
of the Rhinog Mountains at 1:10,000 scale was adequate for

distinguishing most of the significant plant communities, and

related well to the size of vegetation units. On Dartmoor,

however, Jones, working with 1:10,000 scale photography

concludes that scales of 1:15,000 to 1:20,000 would have been
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better for vegetation mapping, since less @efail was

required.

5. Timing

The aim in vegetation mapping should be to chose a time of
year when maximum tonal differences exist between different
vegetation types, and a time of day when the sun angle will
best show these differences. ;n addition, tone, texture and
stereo height, may change at different times of year.
Steiner (1966), working in mountainous areas in Central
Europe, found that at the end of May and early June,
improved pasture could be distinguished from unimproved,
using panchromatic photographs, since at this time of year,
the lush green growth of the improved pasture gave it a
darker tone on the photographs than the brownish tones of
unimproved. Later in the year, the two types appeared
similar. One problem observed in mountainous terrain was
that the phenology of plants can vary significantly over

short distances owing to large variations in altitude.

In Britain, Williams (1972), working in chalk grassland
suggests that the best time of year for photography would be
late Juné or early July, at the time of flowering, or
maximum growth, when tone and texture differences should

be at a maximum. However, workers in agriculture have
found that the best time for crop species differentiation

is in the early growth stages, and ecologists mapping
moorland vegetation have found that the end of the growing
season, when plants are dying Sack is thé optimum time.
According to Ward et.al., (1972), many species show

characteristic colours at this time of year. Nardus stricta
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appears whitish, Tricophorum caespitosium, tawny, Eriophofum
species, reddish, etc. An important observation by Goodier
anﬂ Grimes (1970) is that some plant communities, e.g. bracken,
will not be readily apparent either in the field or on aerial
photographs outside the main growth and flow;ng period. Thus,
the interpretation of dominance and sub-dominance in plant

communities from air phbtos is also subject to the seasonal
growth phenomenon.

Few British workers have commented on the best time of day for

photographing ﬁegetation.

6. Film Type

In spite of fhe growing populérity of colour film for
vegetation mapping panchromatic film is still seen as having
many advantages, including higher contrast and larger amounts
qf detail availab}e, less variability in quality due to
processing and flying conditions, and lower costs per print.
Colwell (1965) states that panchromatic film‘with a green
filter is the best combination, since panchromatic film gives

maximum detail due to its high resolution. The green filter

transmits green light, where foliage reflectance is highest,
but cuts out blue, red and infra-red light, thereby partially
excluding haze, partially excluding glare in the orange and red

band, and the problems of over-and under-exposure due to the

great range of infra-red film are avoided. Other workers in
the United States, (Joy, Harris and Rader, 1960),
(Carneggie, 1968) maintain, however, that for range resource
inventories and forest type mapping, many kinds of
information can be extracted from colour better than from

black and white, including species composition and maturity,
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and terrain features such as surface roughness, and ground

moisture.

Of the few stated opinions in Britain, less convincing
argunents emerge in favour of the use of colour photography
for vegetation mapping. Grimes and Hubbard working in coastal
marshland vegetation (Grimes and Hubbard, 1971) state that no
advantages are gained from using colour oyer panchromatic.
Goldsmith (1972) however, states that of the four film types
used in the Gairloch area, true colour was superior to the
others mainly due to the greater ease of interpretation, but

that there was only a narrow margin of superiority over

panchromatic.

False colour photography is being used in an increasing
number of studies, particularly those concerned with
vegetation and water resources, due to the high and low levels
of reflection respectively from each. It has been used very
little in Britain and present evaluations of its use are
based on little experience of the film type. There are many
misconceptions and claims about the uses and capabilities of

~ false--colour film, mainly stemming‘from the fact that
reflectance of infra-red radiation from plant surfaces is not
fully understood. False colour film has been used in

forestry and agriculture for the mapping of diseased and

dying vegetation, since changes in reflectance of a dying
plant occurring in the infra-red part of the spectrum may cause
changes in the corresponding photographic image. Thus healthy

vegetation will appear bright red on a colour infra-red

photograph, while diseased, or less healthy vegetation may

deviate from the red colour. Physiological disturbances
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to plants are generally accompanied by an increase in visible

reflectance, but the change in reflectance of infra-red

radiation may be quite variable.

J.E.Colwell (1974) moreover, maintains that reflectance from
a vegetation'canopy is a function of many factors such as leaf
angle, look angle, percent of bare soil exposed, size of
leaves, structure of the cangpy, etec., Therefore, in diseased

plants changes in reflectance may be caused by changes in the

geometry and density of foliage, as much as by changes in the

actual reflectance characteristics.

The uses of multispectral photography for vegetation studies
are difficult to estimate, since again, little work has been
carried out., Studies of agricultural land in Britain by Bell
(1971) however, indiqate that automatic crop identification
using rmultispectral photography is a possibility, but that
further studies, using more extensive air photo cover and

specialised equipment, are needed.

As stated at the beginning of this section, vegetation is one
of the most imﬁortant factors in ecological survey for the
purposes of conservation evaluation. The description and
classification of vegetation is seen as essential in
providing a scientific basis for objectively assessing the
relative importance and conservation priorities of different
areas. Shimwell (1971) sees one of the main applications of
vegetation analysis as "to provide a scientific

phytosociological, phytogeographical, and ecological basis

for nature conservation."

With these considerations in mind, it was decided to attempt

-
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to establish semi-quantitatively to what extent aerial
photographs could be used for the mapping of vegetation
communities ﬁhich had been defined by field work using a
phytosociological classification. Chapter III therefore -
deals with a vegetation mapping project using‘aerial'

photographs and field maps of part of the Moor House National

Nature Reserve in the Northern Pennines.
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CHAPTER IIT

AERTIAL PHOTOGRAPHS RELATED TO VEGETATION IN THE MOOR HOUSE

NATIONAL NATURE RESERVE.

l, Introduction.

In order to provide a quantitative assessment of the capa-

bility of aerial photographs for the interprefation of a priori

classified vegetation units, an area was chosen wvhere the
»
vegetation had been mapped in sufficient detail using a

phytosociological classification. The only suitable area

located proved to be the Moor House Nationﬁl Nature Reserve in

the Northern Pennines (Figure 7).

The reserve ranges in altitude from 300 to 850 metres and
comprises a steep western escarpment, a central ridge and a

gently sloping eastern plateau. There is heavy rainfall, soils

are waterlogged and blanket bog covers over half the area,

(being predominant on the eastern plateau). Podsols, peaty

podsols and rankers exist as thin soil on the fell tops along

the central ridge and thin brownearths cover the isolated lime=-

stone outcrops.

* The original mapping of the reserve vegetation (Eddy et al

1968) was carried out in 1960 and 1961, though fieldwork was not-

coﬁpleted until 1967. Mapping categories were chosen according

to physiognomy, floristic composition and dominance of the

stands, Initial units were chosen subjectively, based on the

general physiognomy of the vegetation, the main criteria being

an appearance of uniformity in the field, according to all the

properties, including soils, which could be observed., The

units were then described according to quadrat cover wvalues i.e.
the average percentage cover of the dominant speciés in quadrats

spaced evenly over each unit. Thirty vegetation types identified

Iduring field work were regrouped to give sixteen map units shown
in Table 1.
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2, Methods Used in the Present Study Using

Aerial Photographs,

9 x 9 inch black and white air photoprints_flown at a scale
of 1:20,000 in October 1971 were obtained of a part of the reserve

(Figure 8) along with the corresponding field maps at the 6 inch

scale,

-

The air photos and maps were studied in order to become
familiar with the vegetation types found in the area, with their
site characteristics regarding drainage conditions, aspect,
elevation etc., and with their corresponding air photo image.
Sincé only a limited area had stereo cover, this area was chosen
for the purposes of the study and amounted to approximately two
thirds of one photographic ffame, corresponding to part of the
eastern plateau and central ridge.,

Without further consultation of the field maps, interpre-
tation was carried out using a stereoscope, vegetation boundaries

being drawn onto a transparent photographic overlay and the units

allocated to a vegetation category., Boundaries were then trans-

ferred to a 6 inch map using a Zeiss Transferscope and the
resulting vegetation map can be seen as Figure 9 (pocket).
The accuracy of ﬁapping was assessed by using a dot grid
sampling system with one hundred evenly spaced dots per kilo=-
metre square, each dot representing an area of J.OOm2 on the
ground, The dots were counted on the basis of being rightly
or wrongly interpreted for each vegetation type mapped and,

for the latter, it was recorded into which category they had

been wrongly placed. The total number of points falling in each

‘type. the total number wrongly identified as a particular type,
and the percentage of correct interpretations for each type,

were obtained., Separate totals were obtained for the three

types comprising Blanket Bog, Fens and Flushes, and Grassland

and Dry Ground vegetation respectively. (Table 1).



Figure

!

Stereo pair of black and white photographs
at reduced scale showing part of the Moor
House National Nature Reserve. The study

area 1s outlined in black.
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Subsequently, based on the results obtained, some of the
categories comprising similar types were amalgamated and the

percent accuracy was calculated. (Table 2).

3. Mapping and Interpretation.

Ten of the sixteen categories originally mapped in the

reserve were estimated to occur in the restricted area studied.

-

The brief description of these units below, includes features

related to physiognomy, situation and species composition which

are thought to be capable of affecting the image of a wvegetation

type on an air photo, It must be realised, however, that the

mapﬁed units are amalgamations of the original thirty vegetation
units distinguished in the field e.g. the Calluneto = Eriophoretum
category included a typicum, a burnt facies, a Sphagnum recurvum

faéies and an Empetrum facies. The photographic appearance of

each type is also described.

Blanket Bog Types.

1. Calluncto = Eriophoretum

This largely represents uneroded bog below 630 metres.
Extensive burnt patches are in various stages of a 20 year

period of succession to mature bushes, with initial recolonisa-

tion by Eriophoretum, It is found on sloping ground with few

pools and an average depth of peat of 2 metres, Appearance on

the air photos is very fine textured, mid-grey, with lighter

burned patches of Eriophorum,

2. Tricophoro - Eriophoretum.

This type has very little extent in the reserve, as in the

Pennines as a whole, being confined to almost flat and flat

areas below 600 metres. These areas are very wet, frequently

occurring in hollows and along streams and are often character-
ised by a pool and hummock topography. The éir photo appearance

is very light grey often with lighter blotches corresponding to

hummocks,
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Fe Eriophoretum

This corresponds to high level blanket bog and is often
found where Calluna has been reduced by burning and/or grazing.
It has a fairly large extent in the western, higher areas as a

result of both grazing and the cooler climate, In areas where

grazing pressure is high, many grasses occur, and this type
grades into Juncus squarrosus sub-alpinum at higher levels

where peat is thinner. Appearance is very smooth textured on

slopes, slightly lighter in tone and less patchy than Calluneto-

Eriophoretum, and it is often dissected by channels downslope.
L, Eroding Bog.

This is described as blanket bog where more than 30% of the
original surface has been removed by erosion and less than half

the newly exposed surface is recolonised. It can be character-

ised by intensive dissection by deep gullies, or less intensive

dissection by an open network of gullies, The photo interpre-

tation of this type is aided by stereo viewing, the surrounding

bog surface being at the former level of the eroded bog, and

darker in tone. The larger, eroded areas appear light grey in

tone and are at a lower level,

5 Recolonised Peat Complexes and Peat Edge Vepetation

These areas are varied in species composition, including
rushes, grasses, Calluneto-Eriophoretum when not the original

bog, and eroding péat in gullies and streams, Their Jjustifica-

tion as a separate category is that they are sub-climax bog

communities, They appear very coarse textured, with very dark

grey tones, sometimes interspersed with lighter, linear features

parallel to the slope.

Poor Fens and Flushes,

6. Sphagneto=Juncetum effusi

Being very limited in extent, this type occurs mainly

along strcams and river valleys where drainage is impeded.



47

Its appearance is pale grey but it is distinguished mainly by
its position,

Grassland and Dry Ground Vegetation.

7. Species poor Juncetum squarrosus sub-alpinum,

Always found in poorly drained conditions, on level plateaus
and in valley bottoms, stands of this type a}éo contain Nardus

and Deschampsia grasses and overlap in drier areas with Nardus

and Festuca grassland types, They are not strongly character-

ised on aerial photographs but are generally patchy, medium

textured and medium grey in tone,

8. Species poor Nardectum sub-alpinum.

This type is often found on alluvial terraces or drift
soils which are steeply sloping and better drained., In poorly
drained areas it grades into Juncus Squarrosus communities and,

elsewhere, into the two Festuca grassland types. It appears as

lightish grey cone~shaped patches on upper hill slopes.

9. Féstucatum.

Occurring on the tops of fellg and sandstone outcrops and
with a thick ground layer of mosses and liverworts, this type

appears as very smooth textured, mid grey in tone but slightly

darker than Nardus grassland.

10, Agrosto=Festucetum.

These are the dry, speclies rich grasslands, They'aré found
mainly around limestone outcrops but also on well-drained
alluvial terraces, improved meadows and colonising shingle in
all large stream valleys. Thej appear mqgium to pale érey on
aerial photographs and are rougher in texture than FEStucqtum.
owing to the wide wvariety of species such as ferns, busheél
shrubs and tall herbs.

Although the original vegetation mapping took place several

years earlier than the date of the alr photo survey, it was

thought unlikely that any major changes would have taken place



48
~ in the reserve vegetation, except that caused by periodic

burning, mainly in the lower lying areas of Calluneto-Eriophor-

etum moorland. Some of the originally mapped burns could be

faintly distinguished as slightly lighter patches but many new

burns were also evident on the photographs.

Insufficient stereo difference in some p%gces made some
aspects of interpretation more difficult, particularly in areas
of eroding bog where the main identification criterion is the

degree of slope at the eroding part of the bog, and the difference

in level between the main part of the bog and the eroded areas,

One of the main sources of error in interpretation was the highly

detailed nature of the field maps, compared with the relatively

small scale of the aerial photographs, The photo scale proved

to be too small to determine detail along stream channels, owihg
mainly to the difficulty of fitting a large number of drawn
boundaries into a small area.'though on visual inspection, more

tonal differences were evident within the stream beds than could

be marked, These areas were therefore mapped as Agrosto-Festucetum

since the light grey shade of this type predominated. Sphagnum=

Juncus communities in the smaller streams were, therefore, lost

and small areas of eroding bog were not differentiated from the

larger, often adjoining areas of Recolonised Peat Complexes and

Peat Edge Vegetation. It was also difficult to pick out eroding

' bog on the sides of deeply cut stream valleys, Nardus communities .

were often mapped as Agrosto-Festucetum, both being light toned

but duc to the small scale, the rougher texture of Agrosto-

Festucetum was difficult to detect.

Of the more widely distributed types, the Juncus Squé;rosus
community, cogtaining considerable amounts of Nardus and Deschampsiz,
was difficult to distinguish as a separate category, its patchi-
ness often resulting in identification as eroding bog and the

boundary between the two largest blanket bog types, Calluncto-

-
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Eridphofetum and Eriophoretum was oftcen indistinct, the main
criteria for identification being altitude and the smoother
appearance of the Eriophoretum. T

The number of different vegetation types included in the
category of Recolonised Peat Complexes and Peat Edge Vegetation
made its identification more difficult than at first seemed
apparent. In spite of the fact that some of these areas stand
out as being dark toned and very rough textured, the similarlyl
dissected and rough textured nature of some of the Calluneto-
Eriophoretum and Eroded Bog types caused them to be wrongly
included in this category.

. L, Results.

A fairly 1ow'accuracy of 66,3% of correctly interpreted
points was achieved using aerial photographs for vegetation
mapping. The Tricophoio-Efiophoretum category had the highest

accuracy since, although limited in extent, its air photo
appearance is distinctive, owing to the mottled appearance of
pools and hummocks., Apart from this small area, the Calluneto-

Eriophorefum category with the largest overall extent, had the

highest accuracy at 70.5%. The other widespread type, Eriophoretum,

had a low accuracy of h9f7%'mainly caused by the misinterpretation
of 40 points as Eriophoretum which were, in fact, Calluneto- |
Eriophoretum, Hény of the points interpreted as recolonised

y Peaf Complexes were, in fact; Eriophoretum or Eroding Bog,
though the total accuracy level for Blanket Bog as a whole, is
relatively high. The 1ow‘ievellof accuracy obtained for the
Grassland and Dry Ground types, i.e. 43,6% does not show any
strong tendencies apart from misinterpretation as another
Grassland type, due to the faét‘fhét“all %end to be iight
coloured during October,

Because of this tendency to misihterpretntion as a similar

type, it was decided to amélgamate similar categorids and to'



-

50

find the corresponding percent accuracy. As shown in Table 2

when the Blanket Bog categories are amalgamated, the accuracy

level rises to 93,6% and for the three grassland categories,

the accuracy rises to 57.5%.

5« Conclusions,

Some of the disadvantages reiating to the photography for
the mapping of vegetation have already been mentioned, i.e. scale,
jnsufficient stereo difference and the time discrepancy between

the initial mapping and flying of the aerial photography. The

l1ow accuracy level of the mapping, however, is thought to, be
‘more serious than could have been caused by these factors alone,
The initial phytosociological method of classification used is
pased firstly on visual inspection in the field for observing
uniform stands, and secondly upon percentage co§er of -the
dominant species to confirm the initial observations, The
boundary delimiting a stand which is uniform according to field
survey methods may not be apparent on an aeriallphotograph since
a change in species dominance may not be accompanied by a change
in tone or textyré on an aerial photograph, This may be parti-

cularly so at certain times of year. For example, the grassland

categories all appear very light coloured in October, at the

time of photography. In fact, much of the misidentification of

the Festucetum and Agrosto-Festucetum categories was caused by

being wrongly identified as Nardus, Additionally, each of these

types would include varying amounts of Nardus., Almalgamation of

the Grassland categories had the effect of significantly increas-

ing the accuracy. Misinterpretation of Eriophoretum as Calluna-

Eriophoretum is also thought to be due to the varying amounts of
Eriophoretum colonising burned patches within the Calluneto-

Eriophoretum stands. Amalgamation of these two categories with

Tricophoro~Eriophoretum had the effect of greatly increasing

the level of accuracy and it is thought that the high accuracy
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obtained for the amalgamated Blanket Bog types would be

sufficient for most purposes. The fact that the mapping

categories include, as well as a typicum, several facies of
vegetatipn of different dominance could also mean that a single
mapping category 1s represented on an aerial photograph by more

than one characteristic image type. Additionally, all stands

vary in species composition due to local environmental factors.
For the purposes of air photo interpretation therefore, it
might be preferable to amalgamate the groups in a different

way, in order to reduce the effect of the two above-mentioned

probiems. In the present study this did to some extent increase

the accuracy level for Blanket Bog and Grassland types, though
limitations were imposed by the fact that it was only possible
to amalgamate the initially chosen groupings. It might eventu;
ally be possible to initially define the categories taking into

account similarities and differences in the air photo image

related to variations in species composition within the mapping

categories.
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CHAPTER 1V

HABiTAT SURVEYS IN THE UPLAND AND LOWLAND STUDY AREAS

l. Introduction.

Chapter I described some of the problems related to the
evaluation of areas of countryside for nature conservation
purposes, including the lack of standardised quantitative
methods for data collection and evaluation, and the difficul-
fies of applying similar methods to both upland and lowland
regions,

Chapters II and III showed the difficulties involved

in using objective quantitative methods of classification when

a rapid data collection system such as aerial photography was

the main information source.

Because aerial photography would seem to be, at present,
the only means of colleqting ecological information rapidly,
over large areas, it is necessary to re-examine the main
criteria used in conservation evaluation (see Chapter ) in
terms of alir photo capability, and to assess to what extent
the collection and evaluation of these criteria can be
standardised to provide an objective method for ecological
survey.

With these aims in mind, two axtensive-areas,‘one upland,

one lowland, were chosen according'to the availability of

suitable air photo cover., Habitat surveys were carried out

over each area and wildlife habitat maps were produced.
Because of the impracticability of using a priori vegetation
classifications for habitét mapping (except in small areas
previously classified according to vegetation), in each case
the air photos were used as the primary source of data input,

with field work used to confirm and identify habitat boundaries

interpreted in the laboratory.
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2. The Gairloch Study Area.

This extends over approximately 112 square miles of the
130 square mile Gairloch Conservation Unit in Wester Ross,

Scotland (Fig.10), and the eastern section includes the Beinn

Eighe National Nature Reserve, The area is bounded by the sea

in the west, by Loch Maree in the east and by Lochs Gairloch
and Torridon in the nor#h and south, thus making it a virtual
peninsula. The terrain is rugged and mountainous rising from
sea level to approximately 3,200 feet in the south-east, the
rocks comprising mainly Cambrian quartzites and Fucoid lime-

stone, Lewisian gneisses and schists, and Torridonian sandstone,

Annual rainfall is high and conducive to bog formation over a

substantial portion of the area, The main vegetation types

are Calluna-Molinia with wvarying amounts of Tricophorum-
Eriophorum in wetter areas, and at higher altitudes Empetrum
nigrum and Rhacomitrium lanuginosum, often with large amounts
of bare ground. Flushes, often associated with herb-rich
Deschampsia - dominated grasslands, are found in small areas,
mainly corresponding to the basic fucoid beds. A sizeable
patch of relict pine woodland occurs on the steep, eastern
slopes of the Nature Reserve., The predominant wvisual
impression of the study area as a whole, however; is of a

homogeneous expanse of moorland, with very little variety of

terrain features within it. Land uses include deer and sheep

management, wildlife conservation and afforestation and
increasingly, tourism,

Photography

This area was chosen on the basis of having several

different types of air photo cover. However, black and white

air photos flown by the RAF in 1948 and 1950 at the scale of

1:16,500, as well as Ordnance Survey photography flown between

1963 and 1965 at the scales of 1:27,000 and 1:10,000 were
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eliminated betause of their poor quality and intermittent

coverage. *

The remaining photography was of two types. These were
firstly, 70 mm, Vinten camera multi-emulsion photography
comprising panchromatic black and white, infra-red, true
colour and false colour inffa-red transparencies flown in

September 1971 for a NERC project; secondly, 23 cm format RC8

panchromatic photography flown at the same date and as part of

the same project, Both types of photography are at the scale

of 1:10,000; however, the 70 mm, mplti-emulsion photography.
is éonfined in its overall cover to four diagonal NW-SE
transccts across the conservation unit, each approximately

4 km, in width. This photography could not be used for
mapping over the whole study area, and thus the habitat map
was produced from the 23 cm, format panchromatic prints which
were of good quality (rigs. 11-13) and which covered the entire
area. A study by the Conservation Course (Harren.l97h) com-
pared the usefulness of the four 70 mm, film types for
vegetation interpretation and therefore this is not done here,
though the true colour transparencies were used for a separate
experiment using densitometric analysis methods (Nichol,1975
Appendix VII).

Methods

The photographs were first examined stereoscopically in
the laboratory and all significant boundaries were marked on

to transparent overlays; field work was carried out by visiting

as much of the area as possible, One large area was studied

intensively and single visits were made to other parts,

Because of inaccessibility, recording was often done using

vantage points and field binoculars. Detailed subjective

assessments were made within each unit delineated on the

photographs, of percent cover of each of the major species,
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rigure 1l2 Aerial photographic print showing an
aren where elevation inecreases from 700 ft. altitude
on the left, to 2,200 ft. on the right of the
photograph. Rock type changeg from Torridonian
gandstone to Lewisian gneiss and the two most
widespread hablitat types, CT and CM, are seen to

ocoupy lower—-lying, wetter, and well-drained ground

reapectively.
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height of vegetation and the amount of bare ground. The

b

boundaries marked in the laboratory were checked, though their
identification proved much more difficult in the field.

Returning to the laboratory, the habitats were categorised,

partly according to the units derived by the Conservation Course
(1971) from McVean and Ratcliffe's 'Plant Communities of the

Scottish Highlands' (for McVean and Ratcliffe types found in

the study area see Appendix VIII).

However, because a map of habitats, as opposed to vegétation

was the main objective, the mapping units included types in

addition to vegetation., It was possible to identify 23

different image types on the air photos, 11 of which
(asterisked in the list below) correspond to McVean and

Ratcliffe vegetation types.

Once the habitat types, their particular site character-
istics (slope, wetness, altitude etc.), and their correspond-
ing photo image had been defined, it was possible to extrapolate

to areas which had not been visited in the field, and to confirm

or alter previously marked boundaries. Boundaries were then

transferred, by'visual estimation on to 1:10,000 scale maps.
In addition to the habitat types, it was thought that
other features characteristic of the area were important for

their contribution to the ecological interest of the area as

a whole, These features, in influencing diversity within and

between habitats, are described as Inter- and Intra Habitat

Variables and comprise categories 24«32 on the list below.
They were mapped directly from the air photos, except for

Relative Relief, which was estimated from the Ordnance Survey

maps.
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c. Mapping Categories *Derived from McVean and Ratcliffe types

These are 8

Category Mapping Symbol
1. Pinewood#* PH
2. Birchwood¥* BW
3. Mixed Woodland ﬁw
4, Bracken (*Birchwood,treeless facies) BK
5. Calluna-Molinia¥* CM
6. Calluna* CA
7. Calluna-Molinia/Tricophorum-~Eriophorum¥ cT
8., Eroding Bog . TE
9. Unpatterned Bog UB
¥Tricophorum=

10. Bog with Distinct Pools Eriophoxrum) T
11l. Linear Patterned Bog TH
12, Calluna-Juniperus¥* ' cJ
13. Montane Heath MH
14, Deschampsia Grassland¥* : DG
15. Rhacomitrium-Empetrum* ~ RE
16. " " with Nardus RN
17. Coastal Grassland : ce
18. Bare Ground BG
19. Scree SC
20. Peat cutting PC
21. Improved Land IL -
22, Sand Dunes SD
23. Water Surface wS
24, Crags and Cliffs CR
25, Areas with over 30% Bare Ground RO o
26. Boulder-Strewn Areas BS
27. Coast Length CL
28, Stream Length SL

29, Woodland Edge
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30, Relative Relief

. RR
31, Number of Water Bodies T OwWN
32, Number of llabitats HN

Each of the habitat types, with its corresponding photo=-
graphic image, is now described below:

1., Pinewood.

This type occurs mainly on the steep east;facing slopes of

the Nature Reserve and has a dense understorey of dwarf shrubs

and tall herbs (see Fig.llk). It was easily identifiable on

the black and white air photos due to its heavy texture, formed

by rounded, solid crowns of varying tones, and the dark-toned

understorey.

2. Birchwood.

With a pafchy distribution over the area, occurring mainly
in streams, valleys and sheltered coastal situations, this type

generally contains some oak and willow species, It possesses

a rich ground flora, including Vaccinium, Pteridium, Deschampsia,
and many flowering species,lIt is identified on air photos by

the pale understorey and light toned, delicate=textured crowns
rounded in shape but with a jagged outline, T?ee shadows tend
to be longer and thinner than for pinewood.

3. Mixed Woodland.

-

Where Pine and Birch trees occur together, as on the steep

slopes of the Nature Reserve, this has been classed as mixed

woodland, (see Fig.l5).

L, Bracken;jnirchwood. treeless facies)

This type contains up to 100% cover of bracken, but often

contains other tall herbs and ferns. Within the study area

it is of limited extent and is not always distinguishable on

the a;r photos, even in September when it has a distinctive

colouring. When distinguishable it appears as rough textured

and medium in toné.
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5, Calluna-Molinia (Fig. 16) e

This is the most widespread type <found in the study area.
It is a bog community, covering large areas of gently sloping

lower hillsides and intergrading with Tricophoro-Eriophoretum

in wetter places. It has a mid-tone, textured appearance or

can be an intermixture of darker and lighter areas according

to the relative abundance of Calluna and Molinia, and other

species such as Sphagnum and Erica. Site factors help in the

identification of this type which tends to occur on freely
drained slopes and does not mark the underlying rock so much

as Calluna alone., Some surficial features may, therefore,

show through, especially when burning has occurred.

6 ™ Calluna,

This occurs on rather drier sites than Calluna-Molinia,

often on steep slopes, at varying altitudes, and includes

some Vaccinium myrtillus. There are two types of Calluna

stands., Very low calluna is evident on steep slopes at high

altitudes and is dark coloured and smooth-textured on the

photographs (Fig.l7). Lower down on valley sides, Calluna is

taller occurring in tussocks which appear smooth textured and

dark, almost black in tone (Fig.l8). The tussocks are often

interspersed with lighter bands of grass or Tricophorum.

7. Calluna-Molinia/Tricophorum-Eriophorum.

This type is a mosaic made up of Calluna-Molinia and
Tricophorum-Eriophorum, usually found lower down slopes in

wetter, almost flat areas and often on Moraine, It is medium-

toned but more textured than Calluna-Molinia. Smoother, lighter-

toned areas correspond to patches of Tricophorum=Eriophorum in

hollows., Eroded areas are often found where burning has occurr-

ed, and on the edges of channels and bogs. They appear as

black linear features. (Fig. 19 )



Figure 14 Pine Woodland showing a dense understorey

of dwarf shrubs, tall herbs and young saplings.

Figure 15 Scattered Mixed Pine and Birch Woodland
on the east-facing slopes in the Beinn Eighe Nature
Reserve. The birch trees are paler in tone, smaller,

and more delicately textured.




Figure 16 A large expanse of Calluna-Molinia
vegetation on gently sloping valley sides. The
Molinia gives the lighter toned appearance on

September photogranhy.

*igure 17 Photograph taken looking down on a stand

—— ——

of Calluna occupying lower mountain slopes at

approximately 1,700 ft. altitude. It is identified

by its smooth texture and dark colour,
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Tricophorum=Eriophorum

This type is found in sizeable patches throughout the study
area, but particularly in the west and north, as an extensi?e
bog system. Its appearance, on the whole, is smooth textured

and light grey in colour, though four types can be distinguish-

"ed as follovws:

8., Eroding Bog

This generally occurs on the steeper edges of a bog system.
It is pale to mid-grey in tone, due to the eroded peat hags
supporting differing amounts of Calluna which nppeaf dark in
téﬁe. Linear, black channels at the edges of the bog, represent

ridges of exposed peat, supporting dark-toned Calluna,
9. Unpatterned Bog -

This type occurs as small patches of Tricophorum through?

out the study area, often found in hollows or valley bottoms

and adjacent to Calluna-Molinia or Calluna-Molinia/Tricophorum-

Eriophorum. (Fig.20). Alternatively, it may occur as smallish

patches near the edge of a large bog system, It appears light

grey, with an untextured, almost completely smooth surface.

10, Bog with distinct pools,

Occurring on the mainly flat surface of a bog system, this
type 1s characterised by a pool and Sphagnum hummock complex.
It appears light grey in tone and mottled with small specks
of black, corresponding to the wet pools.

11, Linear patterned bog,

This type occurs on the sloping parts of a bog complex,
often towards the steeper edges of the bog. It occurs as a

series of ridges at right angles to the bog slope, whicﬁwmay

support some Calluna, This type appears light toned, with

darker striped areas which are often stippled with white spots

corresponding to Sphagnum hummocks.



Figure 18 Lower lying stand of Calluna occupying a

well-drained site on a valley side. It ias dark toned

in appearance compared to the burned area in the

foreground and the grassland types in the background,

Figure 19 Stand of Calluna-Molinise/Tricophorum-

Eriophorum on moraine. Tricophorum and Eriophorum

occupy the wet hollows in the foreground and eroded

peat bogs are evident beyond.
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12, Calluna-Juniperus.

This typé occurs at medium to high altitudes, on ,level
ground, between approximately 1,000 and 2,000 feet, It seldom

provides complete cover, and much of the rocky morainic ground

is exposed, (Fig.21). It occurs mainly within the Nature

Reserve, on level plateaux below the main summits, The sparse

. vegetation appears very dark grey to black, contrasting highly

with the light coloured Cambrian quartzite bedrock.

13. Montane Heath

Found on large expanses of flat, windswept plateaux between
approximately 1,400 and 2,500 feet, the location of this type

is mainiy in the east of the study area, Vegetation is sparse

and patchy and terrain is rough, with large amounts of bare

ground (Fig.22). The main vegetation types are Rhacomitrium,

Empetrum, Vaccinium, Calluna, Juniper, Arctostaphyllos and

Arctous-alpina. Its appearance is patchy with light toned,

nearly white areas of bare rock contrasting with the light to

medium grey,smooth to medium textured vegetation. The rough=
ness of terrain gives a coarse textured appearance overall.
Some semi-circular, striped areas, rapresentihg solifluction

terraces, are apparent in some areas, at relatively low

altitudes.

14, Deschampsia grassland

This type generally occurs above 1,600 feet associated
with base-rich fuciod beds and Torridonian sandstone ledges.
It appears pale to mid-grey in tone (Fig.23) and is generally
smooth textured except where interspersed with stream channels

which appear as streaks in a downslope direction.

15, Rhacomitrium-Empetrums

This type occurs at fairly high al titudes upwards, and

appears fairly pale, becoming paler with increased amounts

of bare rock., (Fig.24). In areas with substantial amounts of



Figure 20

Small patch of Unpatterned Bog (I/B) on
badly drained ground ad jacent to a freshwater loch.
It is characteristically pale in tone, and smooth

textured.

Figure 21 Calluna-Juniper heath. A low, mat-like
vegetation structure characterises this type, due to
the harsh climate,and large areas of bare ground are

exposed.
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Fligure 22 A large, windswept plateau of Montane
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Figure 23 Deschampsia grassland (DG) occurring on

base-rich fucold limestone. n this particular
locality it is highly contrasting with the darker-

toned Calluna.
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Empetrum the texture is fine, but elsewhere, texture is

virtually absent. These areas may have very light patches or

streaks, corresponding to Nardus snow beds.

16, Rhacomitrium-Empetrum with Nardus

This mainly snow bed vegetation appears as streaks or semi-

circles on ridges, often occurring with Rhacomitrium-~Empetrum

1l7. Coastal Grassland

These are smooth, closely grazed, base-rich grasslands
extending up to approximatelya mile inland from cliff edges.

(Fig.25). They appear medium in tone and are smooth textured.
18. Bare Ground

Throughout the study area, varying amounts of bare ground

with little vegetation are exposed at the surface, either as

rock outcrops, or exposed plateaux or summits. (Fig.26).
Photographic tone depends little on rock type and most areas

appear pale grey on black and white air photos, Texture is

smooth, except where loose rocks, or boulders are present.

19, Scree

This occurs at high altitudes on steep slopes, often below

mountain summits and cliffs, It appears very pale or white in

tone, with slightly darker streaks downslope,

20, Peat cutting

Only occurring as very localised patches in bog areas in
the west of the study area, these types are identified by their

regular, straight-sided outline and darker-tones, relative to

the surrounding bog.

21, Improved land

This includes land which has been improved for cultivation

e.g8. hay meadows. It is surrounded by walls, is often ploughed

and shows dist..inctive drainage channels, It is generally

lighter in tone than the surrounding woodland and is easy to

distinguish,



Figure 24

Rhacomitrium-Empetrum habitat type at an
of approximately 3,000 ft. The pale-toned

Rhacomitrium and rock debris have a similar, light-

toned appearance

Figure 25 Base=rich coastal gZrassland, the smooth

texture on aerial photographs a result of heavy

grazing.




Figure 26 Qutcrops of bare rock occurr

.
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Figure 27 Parts of the study area have
lochs in close proximity, as shown in

On an air photograph the water surface
grey or black, as opposed to the very )

shown here.
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22, Sand dunes

Small areas of this type are located on the west coast.
On air photos they appear as light streaks of bare sand,

interspersed with medium to dark toned vegetation.

23, Water Surfaces (Fig. 27)

These appear as dark grey to black patches, depending on

water depth and the amount of aquatic vegetation along the

edge. They are often surrounded by a white, or a pale grey line,

corresponding to a sandy shoreline.

Air Photo Interpretation

-The inaccossibility of the study areca, limited time avail-
able for field work and inexperience in detailed vegetation

analysis made the collection of quantitative floristic data

impossible., It is thought, however, that because of the

distinctness of most of the mapping units and the ability to
compare the findings with an existing, less detalled map

(Conservation Course, op.cit.), that mapping was accomplished

with reasonable accuracy. Difficulties were caused mainly by

steepness of terrain in some areas, creating topographic

shading on the photographs (see Fig.l3), and the large amount
of bare rock interspersed with some vegetation types.

The most widespread types in the study were Calluna-Molinia

and Calluna-Molinia/Tricophorum-Eriophorum. Because of the

sensitivity of vegetation, in an arca with high rainfall and %
humidity, to changes in ground moisture, the degree of wetness
of the site was often useful in drawing the dividing line
between these types, which often corresponded to a break of
slope.

The greatest difficulties were encountered in identifying
Bracken, Deschampsia grassland and the mountain top communities

of Rhacomitrium-Empetrum with varying amounts of Nardus and |

Bare Ground, Only two patches of Bracken could be distinguished
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using black and white air photos, since it could not be
separated from other types of tall shrub uﬁderstorey;
Deschampsia grassland is easily overlooked, or its extent
underestimated, as a resﬁlt of its steeply sloping location
(see D.G. on Fig.1l3), but identification can be aided by

the use of a geclogy map. Rhaconitrium-=Empetrum was
difficult to distinguish from Rhacomitrium-Empetrum with
Nardus, and Bare Ground, due to the large amount of bare
ground exposed on mountain peaks, interspersed with a scanty
vegetation cover, and the nearly white image of all three
types (Fig.13). On the whole, accurate interpretation from
black and white air photos was impossible without visiting
most of the mountain peaks. It is thought that the difficulties
of interpfetation of the Bracken and mountain top communities

would have been lessened, had total coverage of colour photo-

graphy been available.

Data Collection and Storage

The product of the air photo interprctation staée was a

map of wildlife habita;s (Fig.28, pocket) at the scale of

1:25,000, obtained by reduction of the 1:10,000 scale maps

using an overhead projector. In order for different types

of analysis to be carried out on the data and to enable
comparisons over the area as a whole, it was necessary to feed

the data, comprising 32 parameters, into a computer, This

was done at the 1/4 km2 grid level, Areas of habitats were

measured by planimeter, according to percent cover in each

grid square. The inter- and intra-habitat variables were
measured according to type of unit. An opi someter was

used for length measurements and data was sfored as kilometres
per grid square; areas were measured as for habitats; actual

numbers of water bodies and habitats per square were counted

and relative relief was estimated in feet, Grid references
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were used to locate squares in the computer in order to allow

spatial print-outs of data.

3. The Merseyside Study Area

The lowland study area represents a sizeable portion of
the Merseyside Metropolitan Planning Region, comprising most

of Sefton District and coast, and small portions of Inowsley

and St. Helens districts. It is irregular in outline and

extends approximately 18 miles north-south by 16 miles east=-

west, (Fig.29). The coastline is dominated by the Ribble

Estuary in the north, with large areas of saltmarsh and mud-
flats which gradually give way to the three to four mile wide

beaches and sand dunes of Ainsdale and Formby point, South

of Formby the small Alt e#tuary intrudes briefly into the dune
frontage which ceases abruptly with spreading urban develop-
ment at Blundellsands, a suburb of Liverpool. Eastwards of

the extensive dune system, the land is flat and low=lying.

It is mainly mossland, improved and drained to produce rich

black organic soils for pasture and arable farming. Isolated

patches of unimproved mossland exist mainly as, and adjacent

to field boundaries, associated with drainage channels, The

areca as a whole is semi-rural in character with several large
dormitory suburbs such as Crosby, Maghull, Rainford, Formby

and Ainsdale and the seaside resort of Southport. Much of

the Sefton coastal district is considered to be of outstanding
value to wildlife, e.g. the Ribble estuary and the Ainsdale

Sand Dunes National Nature Reserve, while there is great

pressure from summer visitors from the Merseyside and
Manchester conurbations.

Photography

Good quality, black and white air photo prints covering

the whole of the Merseyside Region were available for studye.



Figure 29

Aston University

Nlustration removed for copyright restrictions
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The photographs were at the scale of 1:10,000 with a 9 x 9

inch format, and were flown by B.K. Surveys for the Merseyside

Planning Authority in May, June and September 1974,
30-33).

(see Figs.

Mapping and Interpretation

In the Merseyside study area, categories. were chosen and

mapping carr;ed out, on the basis of interpretability on the

air photos. Initially, the photographs were examined stereo-

scopically in the laboratory, and it was found relatively easy

to identify the main land use types. Onesix-inch Ordnance

Survey sheet was mapped as an experiment, and because of the

complexity of land use types in the area, it was thought

necessary to amalgamate some of the categories on the basis

of their vegetation components i.e. their values as wildlife

habitats. Certain urban land use types with a large vegetation-

al component e.g. allotments, grounds, cemeteries, nurseries
and small parks, were amalgamated as a category, and large

parks were mapped according to their vegetational characteris-

tics, as either woodland or managed grassland. The managed

grassland category grouped together types such as sports
pitches, park grassland, large lawns, although older residen-
tial areas with large gardens constituted a distinct category.
Neglected and derelict sites such as waste ground and quarrios
were also categorised according to their vegetation, If they
possessed over 25% scrub they were classed as scrub and other-,
wise, as rough grassland or, in the case of having no vegeta-
tion cover, as developed land.

The greatest difficulty was in differentiating betweén
different types of agrichltural land i.e. between permanent

and temporary grassland and arable land. Plough markings were

often apparent on temporary grassland but even without these,

it was found impossible to differentiate between grass, crops
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Pigure 31 Air photo print showing part of the Sefton
e e ‘ -
coastline, sand dunes and Nature Reserve at Ainsdale,
The dark grey to black patches represent coniferous

woodland or scrub.
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and bare soil. Although permanent grassland is often rougher

in texture than temporary grassland this is not always the
case and depends on the age, form and species composition of
each type, which is difficult to assess even on the ground.
These three types were, therefore, grouped as agricultural

land.

Freshwater marsh was impossible to identify, and mudflats

could not always be identified due to the fact that some of
the photography was flown at high tide. These two types,
fhe:efore, could not be mapped.

Mapping was carried out over the whole of the study area
by transferring boundaries of the defined categories directly
on to 6 inch maps. A lower size limit of half a hectare was

specified, but all distinguishable water bodies were recorded.

- Fleld work was carried out in order to identify difficult

Ce

sites, but very little was necessary, since most of the éat-

egories were well defined and had a characteristic air photo

image.
As in the Gairloch study area, certain additional land-

scape features were considered to contribute towards the

overall wildlife value and these were mappod separately from

the air photos. They comprise variables 16-22 in the list

below:

Mapping Categories

These are

Catogory - Mapping Symbol
l. Coniferous Woodland AO
2, Deciduous Woodland AT
3. Mixed Woodland AE
4., sand punes ' BB

5« Salt parsh cc
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6. Freshwater Ponds and Lakes | EE

7. Heathland FF

8. Unimproved Mossland GG

9. Scrub -HH

10, Rough Grasalgnd _ : IX

1l. Agricultural Land : | ' JJ Habitat

12, Allotments, Cemeterie KK Types

13. Manageg Grassland ‘ | LL

14, Deéeloped Land T MM

15. " " with large gardens ' MG

16, Hedge Length HL

17. Coast Length ' .' , CL

18, Stream Length J : SL

19. Woodland Edge . WE Inter-~ and Intra
20, Scrub Edge . " SE  Habitat variables,
21, Number of Water Bodies : WN

22, Number of Habitats b HN

The main features of each type and its corresponding air
photo image are now briefly described below:

l., Coniferous Woodland.

This type occurs on plgntations, in parks, and adjacent
to the sand dunc system but on the whole is not widespread as
a distinct type. It is easily interpreted on gir photos duq
to its dark grey to black tone, fine, stippled texture, and

edge shadows which are long drawn out and pointed. (see Fig.31).

2. Deciduous Woodland

Most sizeable areas of this type are located in, or adjacent
to, parks. They appear varied in tone, depending on the par-
ticular variation of species, and are usually mid-grey but can

be lighter. They are extremely rough-textured, comprising a
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patchwork of rounded tree crowns with edge shadows which are

rounded or oval in shape. The air photo image of this type

can be seen on Fig.30.

3. Mixed Woodland

Again in, or adjacent to 1hrge parks, this type is often
difficult to identify unless edge shadows can be seen. The air
photo image resembles that of decciduous woodland but is inter-

spersed with black areas corresponding to the crowns of con-

iferous trees,

4, Sand Dunes

Although this type comprises a large part-of the study area,
including a wide variety of vegetation types (Fig.34) which
were mapped from the air photos (e.gtlconiferous and Deciduous
Voodland, Scrub, Dune Heath, Dune Slacks, Fore Dunes, Grey
Dunes etc.) it was decided, for the purpose of this survey,
to consider the sand dunes as a single ayétem under one category.
Its appearance is very patchy and rough textufed due to the high
degree of contrasf between bare sand aﬂd vegetation (Fig.35).
Very light grey or white areas correspond to unfixed dune;
mid-grey corresponds to fixed and grey dunes and dune slacks.
Dune meadows appear smooth textured and mid-grey in tone, while
dark grey to black areas represent coniferous woodland, dune
heath and scrub, Dune heath is distinguished by its smooth

texture, patchiness and lack of stereo height.

5¢ Salt Marsh (Fig. 36)

‘Only two areas of salt marsh are located within the study
area, These are a small patch on the south side of the r;ver
Alt estuary, and an extensive salt marsh to the south of the
Ribble Estuary extending as far as Southport, They are easily
interpreted from their location but are characteristically mid-

grey and mottled in texture, often highly dissected by winding

channels of different sizes (Fig.32). The edges of the salt
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marsh are often darker in tone, grading at the seaward edge

into a smooth, mid-grey area of mudflats.
6. Vater Bodies

These occur mainly as small ponds in agricultural land,
or in parks and because they are often overhung by trees or
hedgerows, they are not always visible on air photos, They
are, however, distinctive features, appearing black with
occasional patches of dark gr;y representing shallow water
or vegotation, and the shoreline appears as a very light-
toned surroﬁnding margin.

7. Heathland

Found on the inland margin of the sand dunes and limited
in overall extent, this type comprises mainly dwarf shrub
vegetation sﬁch as Calluna, with some clumps or gorse and
willow, It appears dark grey to black, and smooth = to medium -
textured, depending on the height of the shrubs,

8. Unimproved Mossland

Also limited in extent, this type is found only in the

east of the study area as 'island remnants' among extensive

tracts of flat arable land (Fig.37). It comprises dwarf shrub
species typical of acid moorland and bogs, with some birch and
willow scrub, It appears extremely rough textured with patchy,
medium to dark grey tones, dissected by parallel drainage
¢hannels, Darker patches correspond to scrub vegetation.

9. Serub ‘

This category comprises vegetated sites where over 25% of
the area is occupied by scrub species such as birch, hawthorn
and willow. Un air photos it appears medium grey in tone, with
dark grey or black stipples, streaks or patches, In fields,
these darker areas, corresponding to the scrub tend to occur
mainly around the edges, as infestation proceeds from the

surrounding hedgerow inwards. )



Figure 36 Characteristic surface of a salt marsh

system, the mottled appearance on air photos being due
to the pattermed distribution of small pools on the

surface, a8 seen here,

Pigure 37 Unimproved mossland occurring at the

junction of field boundaries in permanent pasture.
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10. Rourh Grassland

This category includes derelict and neglected vogetated
sites, railway cuttings and other types not in agricultiXal
use, (Fig.38). It appears medium to light grey and medium

textured with some darker coloured patches, stippling and
streaks.

11. Agricultural Land

This includes permanent'and ley pasture, arable land and
intensive horticulture. This type is smooth to medium textured,
dissected by straight field bounda?ies, and varying in tone
froﬁ black to very pale grey, often depending onthe presence

or absence of crops (Fig. 39). Straight plough lines are very

often present.
12, Allotments, Cemeteries btc?

This includes all categories with semi-cultivated vegeta-

tion in urban areas, such as allotments, grounds, cemeteries,
large gardens and small parks, where the vegetational component

was thought significant enough to constitute an important wild-

life habitat. They appcar on air photos as highly varied areas,

comprising all tones and textures, represoenting a mixture of
cultivated and neglected vegetation and buildings.,

13. Managed Grassland

This category comprises all grassland, other than agricul-
tural, which is regularly mapped and includes sports pitches,
golf courses, park grassland, hospital and industrial lawns
etc. These are extremely smooth textured, medium grey areas,

often with regular markings e.g. football pitches, mowing

tracks, or lighter-toned worn patches. (see areas in category

LL on F:I.g.33)c

14, Dpeveloped Land

This category includes built land and roads, i.e. residen-

tial, commercial, industrial and transportation land uses, and



Fipgure 38 Rallway cutting approximate
FT g

he centre of Birmingham illustrates
variety ot vegetation in these

Figure 39 Permanent pasture land with

drainage channels as field boundaries,
the florlastic richness of this type com

arable land and ley pasture, overgrown
channels often provide
habitat and cover for
the moorhen in

even greater divy
birdes and mamm:
the middleground of ¢t

Semil Le T

i

Iyl r

*Mym



d.

89
building sites, tipping sites, or disturbed laﬂd with no
vegetation, These are the roughest textured ;reas, highly
varied in tone, with the lightest tones represcnting straight
lines of pavements, drivewaysland,new houéing estates, They
are often interspersed with open spaces of smooth texture

and small, dark patches corresponding to trees (sce category

MM on Fig.33).

15. Older residential areas with large gardens,

The criterion used to identify this category was whether
at least 60% of the total area represented vegetation., These
areas appear darker in colour than newer residential areas

and shapes and sizes of streets and houses are more irregular.

(see category MG, Fig33).

Data Collection and Storage

Habitats were mapped at the 1:10,000 scale on to 6 inch
Ordnance Survey map overlays.(Fig.4oO, pockef, is an example
of one of the lh..6 inch maps covering the study area). Because
of the much greater detail of the mapped units in Merseyside,
compared with Gairloch, measurement of habitats by planimeter
Qoulﬁ.have been too time consuming, A sampliné system was
therefore devised, consisting of dots spaced evenly over a 1/4

km sized grid square, since this was the size of unit docidgd

upon for data collection. An experiment using different numbers

of dots was carried out in order to find which would achieve

the greatest accuracy. (sce Table 3 in Appendix IX). The
habitats on one 6 inch map were measured by planimeter and
subsequently, using 9, 16 and 25 dots respoctively., The highest
accuracy was obtained using 25 dots and since the 95,4% accuracy
level obtained was thought to be adequate, a larger number of
doté‘being too time consuming, 25 dots were used, Lengths of

the Inter- and Intra- Habitat variables wefa also measured in

kilometres using an opissometer. The data for each 1/& kmz.
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amounting to a total of 22 variables, was fed into a computer,

L, Parameters for Conservation Evaluation

Of the habitat parameters listed in Chapter I as being
important in the assessment of conservation value, some were
found to be unobtainable using air photos as the data source.
Others, moréover, were unsuitable for surveying whole areas
of countryside (as opposed to individual habitats), since data
could not be collected and stored on a grid square basis., Each
of these parameters will now be brieflf considered from the
viewpoint of air photo interpretation capability'and storage

by grid squares, in the light of the two areas studied.

Size and Shape

This is probably the easiest type of information obtainable

once habitat mapping has been carried out. However, the

collection of data by grid squares precludes using it in a
computer-based method, since data is discrete for each arcal

stofage unit, and no account can be taken'of adjacent squares

or of position within a single square. These criteria wero,

therefore, not included in the present study.

Vegotation Species Diversity

This parameter is not directly obtainable using air photos,

due to obvious limitations of scale, It can be obtained'bY"

field sampling of a representative number of the mapped units.
In the present study, information on species diversity within
each habitat in both sthdy areas was obtained from existing
records, based on sampling within similar areas to find the
average number of plant species in each vegetation type.

(For Gairloch see McVean and Ratcliffe, 1962 and Birks,1973,

Appendix VIII). YFor Merseyside see South West Lancashire

.

Data Bank: Sefton District). The valuos allocated and used

for vegetation species diversity in each habitat type are
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listed in Appendix X,

Inter- and Intra- Habitat Diversity

Inter-habitat diversity is easily obtainable by counting -

the number of habitats in each grid square.l This was done for

each study area i.e. variables 32 and 22 respectively. Intra-
habitat diversity, representing variety in terrain features
within a habitat e.g. rock outcrops, relative relief, coast

length, streams and hedgerows, could be interpreted from air

photos. Variables 24-32 and 16-22 were mapped from the air

photos for Gairloch and Merseyside respectively, with the

exception of relative relief, which was derived from Ordnance

Survey 2% inch map contours, Measurements were obtained

according to grid squares and fed into the computer.

Faunal Species Diversity

This is usually indicated by the vertical structure of
the vegetation, which can be deduced from knowledge of the
habitat type e.g. woodland contains four vertical layers,

comprising ground, field, shrub and tree layers. Data for

vertical strata, therefore, was obtained for each habitat and

the values (Appendix X) were fed into the computer.

Distance from the nearest similar feature.

This information would be obtainable from air photos by
process of simple measurement, if adequate cover were availablo.
The nature of the data, however, precludes its use in this type

of study based on discrete information within grid squares.
Vertical Structure of the vegetation

See under Faunal Species Diversity.

Degree of Naturalness

This parameter is difficult to'estimata, since no records
are available, and is usually indicated by other parameters

such as species diversity. It was, therofore, not used in the

present study.



92
Rarity of Species

This parameter, represented by rarity of habitat type,
can only be estimated locally, over the study area, The total

extent of each habitat type was calculated and the inverse of
this was taken to represent the index of local sparcity for

each habitat (Appendix X).

Grid Square Size

The size of unit for data collection is an important con-
sideration in environmental surveying, since not only can it
influence the type of data collected but also can greatly affect
the time taken for the measurement of each variable within the
d#ta collection unit, time involving transfor of data to the
computer, and the amount of data stored and procoessed by the
compute;. Data for this project was collected at the relativoly
small scale of the 1/l km grid square, since no previous study
indicated a suitable square size for ecither upland or lowland
regions and also, since it was hoped, by amalgamating squares, |
to achieve some indication of a suitabio square size fdf daﬁa
collection. 1t was thought thaf the l.kr.n2 level would have
omitted some of the most important terréin differencesin each
study area and the number of squarcs available would not have
been sulfficient for experimentation. ‘

An experiment, discussed in Chapter V, was carried out
using the Ecologists Habitat Yalues and also the product of
the Habitat Paramcters (Species Diversity, Vértical Strata
and Local Scarcity) to find how much accuracy ©f information
contained in the 1/4 km squares wouldhse losf when datﬁ w;s
collected at levels obtained by amalgamating squares e.g.

2 x 2 squares, 3 x 3 etc. up to square size 10 x 10.
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CHAPTER V

DATA EVALUATION

1l.Introduction o

As suggested earlier, it is the evaluation oflbcological
data which ﬁoses'the main problems to conservationists in

recommending wildlife conservation as an important factor in

land use planning., Since remote ‘sensing has been éuggeated as

an efficient method for the collection of some types of
ecological.information, it is necessary to show in what ways
data collected by air'photo'Sﬁrvey can be evaluated.

Using air photos as the major source of data input, it
has been possible to examine two extensive areas, If is now
proﬁéééd to suggest ways in which data collected over large
areas can be evaluated, and to attempt to indicate from the"
results obtained; how some of the parameters used in con-
servation evaluation, such as species diversity, vertical

étfafa, scarcity etc., can be woightéd relative to each other.

2., Values Used.

Two typés'of evaiuation were carried out, Firstly, each
of the habitat types in both upland and lowland study areas
was evéiuéfed'subjectively by a ‘group of 'eminent' British
ecﬁlogists'to whom questionnaires were sent, The ecologists
waretésked to allocate values within a specified range, to
each habitat type and variable, according to its 'conservation

value', in the context of Britain and not of the particular

local area concerned., In view of the difficulty of doing this,

ﬁainlf connected with the enormous range of factors which could
be taken into'consideration, they were asked to complete the
questionnaire in the short time space of ten to fifteen minutes.
The averages and standard deviations of 'the values obtained

for each study area are listed in Appendix X1,

The second type of evaluation obtained was 'objective' in
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that the values were derived quantitatively, This concerned

the Parameters for Conservation Evaluation, i,e., Species

Diversity, Vertical Strata and Local Scarcity described in

Chapter 1V, For the values obtained for each habitat type,

according to these parameters, see Appendix X.

The stages of data collection, evaluation and storage
involved in the present study are presented visually in the
flow chart (see Fig.4l below).

3. Computer Processing,

The computer was programmed to print out a total value

for each % Kkm®

by multiplying the perceht cover of each habitat

type in a square by its corresponding 'Ecologists' Habitat

Value', Print outs were also obtained using the values assigned

to each of the three Conservation Parameters.

Additionally, print outs were obtained for the Inter-and

Intra-Habitat Variables, using both the ecologists values (in
the case of Gairloch only) and discrete data.

Data storage according to grid location enabled output in

map form, The range of values in most cases was divided into

five levels of equal size. A density shading was allocated to

each value level, ranging from very dense shading for the highest
value level to very light shading (a dot)for the lowest level.
The alternative was to divide the data into five groups of

value with an equal number of squares in each group., However,

this was thought to have the effect of 'smoothing out' the data

particularly when the total range was large and to reducc the

significance of the highest quality areas. A visual impression

could, therefore, be quickly obtained of the spatial distribu-
tion of specified features and values within the study areas.
In addition to the mapped output of data, graphs were produced
in order tolcompare different sets of values allocated, €.8.

the Species Diversity wvalue for each square cbuld be plotted
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against the 'Ecologists' Habitats' value, The visual outputs

.

obtained were rcquired for their ecologioal‘intares# in the
present study, though in faét, any combination of features

could have been requested with limits specified at a certain

level of occurrence,

Because the wvalues aséigﬁed to the Infer—and Intra-llabitat
fﬁriables‘could not be directly compared with each other, or

with the habitat wvalues, maps bésed on thé Variables have been

produced using the discrete dafa.' Moreovef, maps have been

produced for single variables only, e.g. a ﬁap showing hedge

léngth or, ih the case of Gairloch, for Variables combined

according to type of data collection unit, TFor example, a map

was produced showing Linear Features, including stream length,

coast 1ength-and woodland edge leﬁgth, measured in kilométres

per équare. Thus maps based on the Habitat Variables are not

expected to bear any direct relation fo those based on Ecologists
Habitats, or Habitat Parameters, and are seen only as giving

'additionﬁl' vaiue.

4, Data output.

Seventeen maps (Fig.k2: 1-17) and six graphs (Fig.lLl:1-6)
were obtained for the Gairloch study area and nine maps (Fig.U43:

1-9) and five graphs (Fig.hS 1-5) were obtained for Merseyside.
These will now be described.

A. Maps of the Gairloch Study Area, (Fig 42 1-17)

1. Ecologists' Habitats Map (Fig.h2: 1) ‘ |

This map shows six main areas of high quality habitat°
four are located in the east of the area, corresponding to areas
of Juniper heath and Montane heath.lahove approximately 1,300
feet altitude, and two are located in the west of the study

area, corresponding to Linear Pattermed Bog, and to two small

patches of coastal grassland., There are also approximately

six areas of secondary value, these being coastal sand dunes,
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woodland, .inland areas of mountain top habitats and freshwater
lochs., Calluna,and patches of unpatterned -bog vegetation, most

of these in the south and west, occur in the middle fange of
shading values, while the most widespread and homogeneous areas
on the map, having the lowest values are represented by the

Calluna=Molinia and Calluna-Molinia/Tricophorom-Eriophorum’
vegetation types.

2. Ecologists Variables Map (Fig.42:2)

This map is based on the Ecologists' evaluation of the nine

variables mapped over the study area. These features, in

addition to habitat type, are also regarded as important in

contributing to the overall conservation value., The map

represents total values .for each square, obtained by measuring
each intra-habitat variable within it and multiplying the

measurement with the value allocated. Because of the difficulty

of combining values for different types of feature, however,
the values were adjusted to become proportional to the total
range of that variable within the area by dividing by the range.
In this case, therefore, the final values shown on the map mﬁst

be considered in the context of the abundance of each of the

variables within the study .area.

The distribution shows generally higher values in the east

of the study area. This is due to the predominance of areas

of bare and loose rocks and boulders on and around mountain.
slopes, the associated crags and cliffs, a greater relative
relief, a higher stream density and a larger amount of wood=-
land edge which although low in overall amount per square, has
a high value because of its scarcity in the area as a whole.
The high values of patterned bog, and Montane lleath, on map 1l
do not correspond to high value areas on this map.

3. Ecologists Values (Habitats+Variables) (Fig.h2:3)

A map was produced using the Ecologists Habitat values

L



98

with a constant, lower value, for each variable added to this

score to produce a total for the square. Thus, a square would

have its value increased slightly for possessing one of the
variables and this increase would be the same for all of the
variables, depending on the measured amount in the square. The
effect of this was the equivalent of adding to the Ecologists
Habitat map a constant value for each variable which occurs in
the square, thus obviating the need for designating oﬁe variable
higher in wvalue than another. All the variables were thus given

a value of three, which is considerably lower than the Ecologists

Habitat values, Because of these lower values for the variables

the map is very similar in appearance to map 1, but with fewer
squares in the lowest value class and more in the middle and

upper classes, giving greater uniformity, This map might be

considered a more realistic representation of conservation

value, since the labitat Values were allocated independently

of the particular terrain features in the area which contribute

towards variety within and between the habitats.

4, Ecologists' Habitats Map (Value classes extended to 0) 42:4

. This is an adaptation of map 1, with the values of the lowest
shading class extended to 0., Since the lowest valueuin a square
is 200, no squares lie within the lowest value class, which
corresponds to the lowest shading onthe map, With only four

levels of shading more squares occur within each. The overall

appearance is similar to map 1 with the major difference being

that the inland mountainous areas enter the highest value

categories,

5. Vertical Strata (Fig.42:5)

..Based on the number of vertical layers in the vegetation,

the highest value areas represent the two types of bog, bog

with distinct pools and linear patterned bog. Although only

two layers are present in the bog surface vegetation, bog
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pools, for the purposes of their conservation value, have been
allocated three layers corresponding to the bottom, the water

itself and the surface, The map, therefore, shows the two

areas of highest value as being the extensive bog system in

the west and the wooded area in the east. The areas of lowest

value correspond to the mountain top plant communities inter-

spersed with scree and bare rock, Some squares with inland

lochs also stand out as having higher wvalue but otherwise,
the rest of the map; represented mainly by dwarf shrub heath,
is homogeneous, dompared witﬁ the ecologists' ratings, values
are similar, except .for the Rhacomitrium-Empetrum, Nardus,

and Scree communities of mountain tops, which ecologists rate

medium to high,

6. Local Scarcity (Fig.42:6)

The mapping of this parameter shows that the habitats with

wide distribution in the study area have a proportionately low

value, Because, therefore, of the homogeneity of the vegeta-

tion types within the study area, the map is influenced by
the very low values of the widely distributed types. Conversely,
there are also types within the area with extremely small

distribution and correspondingly very high values, creating

a wide total range. All squares with any degrece of shading

(L.e. above the lowest value class) therefore, largely - é
represen? small distributions and this causes thé great
maJority'or the map to correspond to the lowest wvalue category.
The shaded squares in the west of the area correspond to wood-
land, sand dunes, coastal grassland and peat cutting and those

in the east to woodland, bare rock and bracken, Most of these,
namely woodland, coastal grassland and sand dunes, were rated

high by the ecologists.,

7. Local Scarcity (Equal no. of squares at each lovol) 42:7 !

With an equal number of aquares.includod in each level of
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values corresponding to a shading density, e.g. a fifth of
the squares have the highest value, this map could be considered
more useful in representing local scarcity than map 6, since

) the greater broakdown allows more comparisons between types

within the study area. Montane heath, bog, Rhacomitrium heath,

Calluna-Juniper, Improved land and Calluna, have now entered

the highest two value categories, while the only type consist-
ently in the lowest category is Calluna-Molinia., These values
correspond very closely with values allocated by the ecologists
to these types, though bare rock, peat cutting'and'bracken are

anomalies, having high scarcity values and low values allocated

by the ecologists.

8., Species Diversity '(Fig.42:8)

The values were obtained for the average number of species
in each plant community corresponding to a habitat type. The
lowest values correspond to areas of bare rock, scree and
water surface in the centre and south east of the area, while
the highest values correspond to patterned bog, improved land,
sand dunes, coastal grassland and Calluna in the west, and to

mixed and deciduous woodland, Bracken, Montane lleath and Juniper

in the east. The high values in the centre of the map represent

mountain slope vegetation such as Deschampsia and Nardus grass-
lands, some patches of patterned bog, and Calluna., The remain-
ing large part of the'map corresponds mainly to the second
lowest category, representing Calluna-Molinia, Rhacomitrium-
Empetrum and Calluna-Molinia/Tricophorum-Eriophorum habitat
types. In comparison with map 1, the major differences are

the low rating for water surfaces, Rhacomitrium-Empetrum and

Nardus communities and a high rating for Calluna and Improved

land on the present map.
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9. Product of Habitat Parameters (piversity, Strata, Rarity Map)

(42:5

This map is very similar to map 1l with patterned bog,
Montane heath, Pine woodland, Calluna-Juniper, sand dunes,

freshwater lochs and mountain top communities having similarly

high values. However, because the two areas of sand dunes

stand out as having considerably higher values than the rest

of the area, the range of values is increased, thus lowering

the values on the rest of the map in comparison with map 1.

10, Relative Relief (Fig.h2:10)

This map was produced in order to illustrate the distribu-

tion of a single variable which has been measured over the

study area, It is based on the difference in altitude between

the lowest and the highest points in each %4 km square., The

gentler relief features in the west of the study area contrasted
with the highly varied relief of the mountainous areas in the

east are readily apparent,

11. Linear Features (Tig.42:11)

Again, map production was based on the actual measured

data collected for each.feature, rather than on subjectively

assigned values. The variables included were stream length,

coast length and woodland edge length. The distribution is

seen to be very even over the study area.

12, Rocks and Boulders (Fig.42:12)

Comprising variables 25, 26 and 27, areas with over 30%
in rock outcrops, boulder strewn areas and crags and cliffs,

this map closely resembles map 10, Relative Relief., The entire

eastern section of the map scores high or medium values due to
the presence of rocky outcrops, crags and cliffs at higher
levels and boulders on the lower slopes, while in the west,

values are lower, corresponding to the gentler relief features

of the weathered Lewisian Gneiss bedrock.

gl
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13, Number of Water Bodies (Fig 42:13)

Based on the number of water bodies_presént in each square

the map shows highest values in the centre of the study area.

14, Number of Habitats (Inter-Habitat Diversity) L42:14.

Because the largest number of habitats occurring in any
one square is five, the five levels of shading represent one
to five habitats per square respectively. The distribution of
shading appears to be fairly evén, with a slight increase of
inter-habitat diversity in areas with steep altitudinal gradients
and also in some areas of bog, represented by the four different
types of bog habitat as well as the small patches of peat
cutting,

15. Nuﬁﬁer of Habitats with over 12% cover in a Square.l2:15

Maps were produced based only on habitats having a :

.»reasonable ) percentage cover of a square and for this the 12% '

and 20% levels were specified. Similar distributions_remain

as in map 14 though the higher the specified percentage, the

lower the values and associated shading levels,

16, Number of Habitats with over 20% cover of the Square.

See under l15. above.

17. High Value Habitats (Fig 42:17)

It was thought that for some purposes it might be useful
to obtain a rapid print-out of squares containing high quality
habitats, as opposed to squares where the overall value was
high. High wvalue w#s defined as having a score of 5,5 or

over, based on the ecologists' ratings. (Appendix Xl). Thus,

iy

because no square possessed more than two high value habitats
only three levels of shading appeared on the map, these
representing squares with 0, 1 or 2 high value habitats, The
overall distribution reﬁains_similar to map 1 though water

surfaces, because of their small size, tend to be better

-

represented on this map,

T —————————w T




B. Graphs of the Gairloch Study Area (Fig.hl:1-6)

1. Vertical Strata v Ecologists labitats 44:1

A correlation coefficient of 0,238 for this graph shows a
high correlation, with less than 0,001% probability that the
relationship between tﬁe two sets of déta could have occurred
by chance. The main anomalies are in the Rhacomitrium-
Empetrum, Coastal grassland and Montane Heath communities, all

with high Ecologists Habitat values but with a low vegetation

structure. Apart from these types, however, the Vertical Strata

parameter gives a reasonably good'indication of conservation

value in an upland area, particularly if the habitat types

above approximately 1,700 feet are excluded.

2, Local Scarcity v Ecologists Habitats (Fig.hb4:2)

With a correlation coefficient of 0,47 the data on the

graph are highly correlated, showing that on the whole the

habitats with a low extent in the study area have been rated

high by the ecologists., If local scarcity (within the study

area) bears a good relationship to rafity of habitat type in
the national context, this could indicate that rarity is one

of the important factors taken into consideration by ecologists

in judging conservation value., Local scarcity, moreover, seems

to be a good indicator of conservation value within the study

area.

3. Species Diversity v Ecologists Habitats (Fig.44:3)

These two sets of data also show a very high correlation,
with a correlation coefficient of 0,467, suggesting that species

diversity is a good indicator of conservation value in an

upland area.,

L. EBcologists Variables v Ecologists Ilabitats (Fig.Lb:4)

The correlation coefficient of 0,0157 shows that there is
!
& poor correlation between the two sets of data, indicating

that the variables, including environmental and terrain
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features which contribute towards the overall diversity of an

area are not necessarily located in the arecas possessing high

ecological interest according to the ecologists' evaluations.

These results suggest, therefore, that these additional features

should be taken into account in assessing conservation value

locally.

5. Total Variables v Ecologists Habitats (Fig.4l:5)

This gfaph is similar to graph 4 except that actual data

for the Variables were used rather than the subjectively |

assigned values. Again, the correlation coefficient of 0,022

shows a poor correlation.,

6. Habitat Parameters (Diversity x Strata x Rarity)

v Ecologists Habitats (Fig.4h:6)

This graph shows a very high correlation between the two

’.
data sets with a correlation coefficient of 0.41. Thus the

squares with the highest values for Species Diversity, Vertical

Strata and Local Scarcity combined also tend to have higﬁ values

according to the Ecologists Values, There is a closer grouping

at the lower end of the'graph, since the widely distributed
typés e.g. Calluna-Molinia tend to have low values according

to both sets of data.

C. Maps of the Merseyside Study Area (Fig.h3=1-9j

1. Ecologists Habitats Map 43:1

This map shows one very large area in the highest valﬁe
category, occurring along almost fhé entire 1ength of the

_ : |
coastline and extending up to five, 4 km squares eastwards, :

inland. This corresponds to the sand dune system which accounts

for most of this high value coastline and also, to the large

salt marsh in the north of the area, Apart from this major 1

area of high value, the only others consist of single squares

containing large amounts of scrub, unimproved mossland, or :

deciduous woodland, There are four areas of secondary qﬁalitYi
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the two major ones corresponding to Ince-Blundell woods

which comprises mixed, deciduous and coniférous woodland, and

a sizeable area mainly to the west and south of VWoodvale Airport

and inland of the sand dune system, of high quality rough grass-

jand with adjacent heathland. A large area of scrub to the

west of Maghull and an area of unimproved mossland and woodland
to the west of Rainford constitute the other areas of 'secondary
quality. The lowest quality category is represented by built-

up areas, i.e. the northern edge of Crosby (part of the Liver- i
pool conurbation), Maghull, Formby and Southport in the north,
Developed land with gardens, along with Allotments, Cemeteries
etc, Managed Grassland and Agridultural land occupy the second
lowest category. Therefore, the overall distribution tends to

be concentric, with the built areas of developed land in the

lowest category surrounded by the second lowest category of '

semi-rural environments represented by sports pitches, allot-

ments etc. These are surrounded by the most widespread type,

namely, agricultural land, also in the second lowest category
and finally, by the highest value, semi-natural habitats,

particularly in the west.

2., Ecolopgists Values (Habitats + Variables) (Fig.h3:2)

Like the Gairloch map of Ecologists Values, each of the

Variables is given the same value which is low, relative to the

Ecologists ‘Habitat Values. The final form of the map is thus

more influcnced by the Ecologists Habitat Values than by the

Variables. The shading is more evenly distributed than on

map 1, with higher values in the east of the study area.
Because of the nature of the Variables, however, the Developed
areas remain low in value and the main increases occur in

agricultural areas, owing to the presence of streams and

drainage ditches, hedges and pools, This map could be ‘thought vink

the best indicator of overall conservation value, since it is



a combination of values assigned to habitat types, with
additional points scored for features of ecological interest
in the cnuntryside, which have been measured.,

5 P Yertical Strata (Fig.43:3)

This map shows a more even distribution of wvalues since

the sand dunes with four vertical layers become of secondary
importance to salt marsh, which has five (due to the presence
of pools among the salt marsh vegetation). Apart from this,
the map is similar in appearance to map 1 since the areas of
woodland have high values while Unimproved Mossland and Scrub
have high to medium wvalues, Agricultural land, with two verti-
cal layers, again appears in the second lowest category but a
major difference in the lowest category is a reduction in the
total area of Developed Land due to the influence of adjoining

Developed Land with gardens, which has three vertical layers.
4, Local Scarcity. (Fig.43:4)

Like the Local Scarcity map for Gairloch, very little
shading appears on this map, since by definition, the scarcest

types are small in area, thus having disproportionately high

values compared to the other types., The habitat types which

feature on this map are Salt Marsh, Unimproved mossland,

Allotments and cemeteries, Heathland and Water surfaces.

5. Species Diversity (Fig.43:5) S .

The map again appears very similar to map 1, since again

the sand dunes have the highest value, with 200 species and

Developed Land the lowest value, Ince Blundell Woods and the

Rough Grassland near Woodvale Airport have retained their
position in the second highest category, though Unimproved

Mossland has fallen to the second lowest, to join the remain-
ing areas of Agricultural land.

6.

This map is very similar in appearance to map 1, with low,

Product of Habitat Parameters (Diversity,Strata,ﬂaritx)hS?Gﬁ'4'
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medium and high values for the major areas of developed land,

agricultural land, and sand dunes respectively. The major

differences are the Ribble Estuary Salt Marsh which has
entered the second lowest category and a slight increase in
the lowest category areas, probably due to the inclusion of
developed land with gardens along with developed land.

7. Hedge Length (Fig.l43: 7)

This map is very different from map 1 since the arsas with

most hedges are mainly égricultural. These are mainly in the

south of the area, with field boundaries in the north consist-

ing largely of drainage ditches,

8. Number of Habitats (Inter - Habitat Diversity) 43:8

This map appears very different from map 1, since the
largest number of habitats in such a semi-rural area tend tb
occur in squares represented by developed land, or near to
developed land, Within built-up areas, for example, there may
exist areas of manéged grassland, allotments and cemeteries,
rough grassland, water surfaces and small patches of woodland

as well as different types of residential areas i.e, with and

without large gardens, all in close proximity. The agricultural

and sand dune habitat types have the largest continuous

distribution within the area and, therefore, squares represent-

ing these categories are low in value according to Inter-Habitat
Diversity.

9, ligh Value Habitats (Fig.43:9)

These include Mixed and Deciduous VWoodland, Sand Dunes,

Salt Marsh, Water bodies, Heathland, Unimproved Mossland and

Scrub, This map was thought to be particularly meaningful in.

the Merseyside area, since the habitats may be quite small and
thus very little represented in the overall value of a square.

It would, therefore. be particularly difficult to locate the

smaller, high quality habitats. Compared to map 1, sand.dunes
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and agricultural areas are now in low value categories. The
three highest quality areas are Ince Blundell Woods, with two
types of woodland, and water surfaces; the Woodvale area with

Ileath, Scrub and Sand Dunes and part of Southpért, with water,

woodland and Sand Dunes in close proximity,

D. Graphs of the Merseyside Study Area. (Fig. 45: 1=5)

1. Vertical Strata v Ecologists Habitats (Fig.45:1)

The very high correlation coefficient of 0,956, associated
with this graph demonstrates that, almost without exception,
squares with high vertical strata values, also have high values
according to the Ecologists Ilabitat ratings, Exceptions such
as coniferous woodland are minimised by their low proportions,
compared to other types, in any square, These results would
seem to imply that, in a lowland area, the Vertical Strata
Parameter can give a good indication of conservation wvalue.

2, Local Scarcity v Bcologists Habitats (Fig.45:2)

The data on this graph are again highly correlated, the
correlation coefficient of 0,251 suggesting less than 0,001%
probability that the relationship between the two sets of data
occurred by chance. The correlation is not, however, as good
‘as graph 1, and scatter on the graph is correspondingly wider.
This is due largely to the high Ecologists values for the Sand
dunes which are not scarce within the Merseyside region, and
also to low value habitats such as Allotments, Cemeteries etc.,
which are low in distribution, giving them a high scarcity value.

3. Species Diversity v Ecologists Habitats (Fig. 45 3)

The data are extremaly highly correlated, with a correlation
coefficient of 0,851, The main anomalies are Unimproved moss-
land, Heathland and Salt Marsh, all having relatively few species
but with high Ecologists values, Agricultural land, on the other

hand, is relatively high in species compared to its low

ecological value, though on the whole, the Species Diversity

e e,
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Parameter seems to be a good indicator, in a lowland area, of

conservation value.

4, Total Variables v Ecologists Habitats (Fig.l45:4)

This graph does not show a good correlation, suggesting
that the Variables, i.e. Hedge, Coast and Stream length,
Woodland and Scrub Edge, Water Bodies and Number of Habitats
per square, do not reflect the distribution of Ecologists
Values, This has already been discussed under Map 2,

5. Habitat Parameters (Diversity x Strata x Rarity)

v. Ecologists Habitats (Fig. 45:5

This graph shows a high correlation between the two sets
of data with a correlation coefficient of 0,38. The distribu-
tion of values for the Habitat Parameters is, therefore, a
good indication of the distribution of Ecologists Habitat
values, though in this study area it is not ﬁs highly
correlated as Vertical Strata and Species Diversity.

E, Grid Square Size.

Chapter 1V described an experiment carried out using the

Ecologists Habitat Values and also the combined llabitat

‘Parameters of each study area, in order to assess to what

extent the original information contained in the 4 km squares
would be retained using a coarser ‘grid., This was done by
grouping the small squares into larger sizes i,e, square
size 2 x 2 to square size 10 x 10,

For each level of square groupings the average values for
‘the large squares were found and the Standard Deviation.of the
small squares within the large squares was calculated. This
was then divided by the degrees of freedom, i.aﬁég' and -

values were given for the 68,3%, 85% and 95% confidence levels

respectively, e.g.

; g
95% level = X + 1,96Vyy
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The resulting figure is equivalent to the overall difference
in values obtained when data is collected at the level of the
large squares, rather than at the more detailed level of the

small squares. It represents the amount of information which

might be lost at the level of the large squares.
For example, for the llabitat Parameters in the Gairloch

area, at the 2 'x 2 square level, the values of the large squares

could be expected to lie within + or = 223 value units of the
small squargs;-with.a coﬁfidénce lével of 68.3%, or 1 Standard
Deviation, This corresponds to an uncertainty in the order of
approximately 5.1% of the total Range, and to 9.6% of the Mean
of the Habitat Parameters (see Tables 4 a & b). The uncertainty
increases at the 85% confidence level to 7.3% and 13.8%
respectively, and also as the square groupings become larger.
Expressed as a percentage of the total range, the results
can be compared with the.five shading levels on the correspond-
ing maps which are also based on the total range of values, For
the above examble‘again, it could also be said that the
uncertainty of 5.1% at the 68,3% confidence level was of the
order of approximately 4 of one shading level (each of the
five shading levels contains 20% of the total range of values), -
An uncertainty of 5,1% means that a maximum of approximately
20 different classes in the data can be distinguished and this
falls to 10 different classes (9,9% uncertainty) at the 95%
confidence level, It cannot be stated how much of the original
information has been lost, since this depends on the type of
information required but certainly, while the broad class
groupings remain, the detailed information within them has
been lost, o
Expressed as a percentage of the mean, the values for the
- large squarcs could be expected to represent an uncertainty

of 9,6% of the mean of the small squares,
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GRID SQUARE SIZE

Degree of uncertainly at eachsmuare size level given as percentage of

total range of values and of mean values for three confidence levels.

Table 4 (a.)CGairloch Area
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Discussion of the Results,

-

ﬁnless otherwise stated, discussion will refer to the 85%
confidence levels, since this is thought to be the lowest
acceptable level.

Both Gairloch and Merseyside study areas show a reagonably
largé degree of uncertainty according to Ecologists Habitat
VYalues, even at the square size 2 level, with an uncertainty
of 26% and 23.8% of the mean respectively; The percentage
uncertainty in the range of values corresponds on the computer
maps to an uncertainty of between half and one shading level
in both cases. ' s
| The mean values for the Habitat Parameters on the other
hand, differ widely between the two areas, with a much lower
degree of uncertainty for Gairloch and a much higher degfee of
uncertainty for Merseyside.. The values for the large squares
at square size two, for example, can be expected to represent
an. uncertainty of 13,8% and 40.5% respectively of the mean,
The labitat Parameters are probably a better indication of
environmental pattern than :the Ecologists Habitat Values, sb
that in Gairloch, for example, the large size of the habitats,
and the lack of a significant difference in Vertical Strata,
Species Diversity and Local Scarcity over large expanses of
the area creates a greater degree of homogeneity within the -
larger square groupings. Conversely, in a densely settled
region, - the human 'influence on land use and thus on -habitats,
increases the complexity of the area, thus maﬁing reliﬁble
data collection at the large square level impossible., Taking
the Habitat Parameter Values for Gairloch, at the 95% confidence
level the values for the large squares can be expected to

represent an uncertainty from 9,9% to 13.8% of the total range,

for square sizes 2 to 10 respectively., The degree of uncertainty

represents from just below, to just above half a shading level
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on the maps, and it is thought that in some circumstances, the
loss of detail, even at the 10 x 10 square size might not be
too great to preclude data collection at this level only, None
of the square size levels for Merseyside are thought to be )
sufficiently representative of the % km square values, to
suggest the use of a coarser grid.

Initially, this experiment was designed to test whether
amalgamation of the 4+ km square into large square sizes would
give similar indications of the values in the original % km.

squares than smaller sized square groupings, If this were the
Icase, it could have been suggested that data be coilected at
the largest square size possible, balanced against information
loss, -

. In regions where the main environmental features
corresponded approximately to a constant size (i.e., a regular
size pattern of the dominant environmental features) this may
have been the case when a square size was reached which Jjust
exceeded the size-oflthese features, internal homogeneity
would have been lost as the size was exceeded and the wvalues

of the large squares would no longer approximate to such an

extent those of the small squares, However, it is thought

that not enough squares were available in either study area
to be abie to compare a 1afge enough range of square size levels,
Some trends were evident in the data, such as the reduction in
the uncertainty of the large square values, at square sizes
6 and 9 of the Gairloch area Habitat Parameters., However, in
order to make definite recommendations it would be necessary
to analyse larger areas and to compare results between similar
types of area.

Additionally, using this method of data storage, it was
impossible to compensate for the fact that the amalgamated

square groupings must tend to fall across boundaries between
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homogeneous areas, i.e, the computer cannot wbrk with

unevenly shaped arcas within a data set. It is thought that,
should 'homogencous areas' first be defined, possibly using
aerial photographs, and the analysis be carried out only within
each of theée areas, then a much greater level of accuracy
could be shown.to be obtainable from larger, as opposed to
smaller square sizes; This could be a useful observation

for future work, provided that care is taken when deciding

the types and detail of data required.
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CHAPTER VI

ANALYSIS OF RESULTS

1, Data Collection using Aerial Photographs

Some of the advantages and limitations of usiné air photos for -
the collection of ecological information over extensive areas of country-
side have already been discussed in previous chapters. Goodier and Grimes'
observations in the field of vegetation mapping, (Goodier and Grimes, op.cit.)
stressing the need for the development of air photo-ecoiogy are seen as
' even more relevant for the mapping of wildlife habitats when features
other than vegetation are also important. The use of air photos for
vegetation mapping in the Moor House National Nature Reserve indicated
that categories derived from existing vegetation classifications based
on criteria such as physiognomy, dominance and floristic composition
may be misinterpreted on an air photo due to the relative colour, tone

and percent cover of several of the major species in a stand, any of which

may vary at different times of year,

Limitations of using air photos in the upland and lowland habitat
mapping surveys undertaken, although possibly specific to the black and
.white air photos used, were mainly concerned with the inability to
identify a priori defined categories. These were, in the Gairloch study
area, mountain top communities, where large amounts of bare rock were
interspersed with a scanty vegetation cover, and bracken, (though in the
case of bracken its restricted oc;urrence made realistic assessment
_impossible); and in the Merseyside area mudflats and freshwater marsh
were categories which could not be mapped due to the fact that on some

of the photography, flown at high tide, mudflats were invisible; moreover,

freshwater marsh could not be identified. Additionally, none of the three

major agricultural land categories could reliably be identified in all parts



117

of the-area, though some such as very rough textured grassland, surrounded
by drainage ditches, and with grazing aniﬁals, could be reliably interpreted
as permanent pasture. In many other cases the distinctions were too slight,
as were those between ley pasture and arable land, and especially so early

in the growing season where the percentage leaf area to bare soil was low,

Although more work needs to be done, it is thought that some of -
problems of air photo interpretation in thélléwland area could have been
overcome using false colour photografhy taken shortly before the period
of maximum crop growth, i.e. in early June. kt this time of jéar, the
felative lushness’of the temporary grassland and ifs corresponﬁing bright
red or magenta image would be expected to contrast with the mixture of
growing and dead grasses and other spécias in permanent pasture, which are
representéd by a paler red, or pink tone on the air photos. Additionally,
arable land and temporary grassland would bé easier to separate, since
the distinctive colour differences on false colour photography between.
crops and bare soil would be evident in arable land early in the aeaaon,
and fields of bare 3011 in particular would be easy to diatinguish from
pasture, For habitat mapping purposes, however, the distinction between
arable and ley grassland is not considered to be of great importanqa, since
both are temporary habitats, offering only short term cover for Wildiife.
Freshwater marsh could also be more eésily i&entified using false colour
photography, since water is non-reflective in the near infra-red part of the
spectrum, giving water surfaces and marshy ground a black, or dark-toned
appearance. Since most available aerial photography at the present time
is black and white, it would seem advisable to map these different agricultural
types as one category, unless detailed field work or agricultural census

information is available to confirm air photo observations.

In an upland area, although environmental boundaries are more easily

visible on an air photo than in the field, these boundaries do not necessarily



118

conform to previously defined vegetation units since geomorphological,

or other terrain features may have more influence than vegetation on the
photographic appearance., Evidently for thq mapping of habitats some
matﬁod is néeded whereby some of the established vegetation categories,

_ e.8. grasses, can be amalgamated, or grouped in different ways according
to percentage cover of the dominant species, this percentage to be defined

according to the corresponding air photo image at a specific time of year.

Additionally, it would seem of little value to expend large amounts of
tiﬁe and resources attempting to establish the presence of, for example,
small amounts of Nardus or Empetrum, interspersed with,biock scree or
mountain top detritus if, for the purposes of conservation evaluation,
geomorphological features such as crags and c¢liffs and the mountain top
environment itself were the predominant features of interest., Another
useful distinction in upland areas is the one recognised in Stapledon
end Davies' Grassland Survey of England and Wales (Stapledon 1936), and
by the First Land Use Survey (Stamp, 1962). This is the distinotion
between heather moorland and heather fell, the latter incorporating heather
moorland which is. rocky and steep, often strewn with large boulders and
in places showing small precipices of bare rock. . In the present survey
these terrain features were mapped- as Intra-Habitat Variables, distinct

from the habitats themselves, though the photo-ecological approach to '
habitat mapping would overcome the distinction,

~ For the purposes of mapping in both upland end lowland areas, it
is thought that smaller scales of imagery woul@ have been preferaﬁle, and
particularly so in the Gairloch study area where in some homogeneous areas
of moorland only two or three boundaries occurred on one air photo, at the
1:10,000 scale. It is thought that good quality air photos at the scale of-
1:15,000 in Merseyside and 1:20,000 in Gairloch would have yielded similar

amounts of information, with the advantage of handling amallef numbers of
prints, .
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Finally, the limitations involved in using the parameters
for conservation evaluation (which were not used in the present study),
namely Size, Shape and Distance from the nearest similar feature, apply
only at the regional reconnaissance level when considering areas of
countryside, as opposed tolindividual habitats., More detailed local
surveys of individual habitats could usefully take account of these

parameters using measurements from air photos.

2. Methods of Evaluation Used

The major distinction between the types of evaluation used
was that between 'subjective' and 'objective' methods. The Ecologists'
Habitat Values, allocated by 'eminent' ecologists, each with particular
specialisations in the field of ecology were accordingly expected to show
some @egree of variability. The Standard Deviations ratioed to the values
given (Appéndix xi).show slightly less variability in values allocated
to the lowland habitats, and particularly those with the éreatest degree
of human influence. This could be due to the fact that it is more
difficult to differentiate between several types of semi-natural environment
than between environments with distinct degrees of human-influence,
The Ecologists' Habitat Values, however, although based on varying opinions,
are thought to be no less valuable then the 'objective' measured criteria
of the Habitat Parameters, whose status in conservation eveluation can
be decided using only subjective criteria, For this reason the former have
been qsed as indicators of conservation value in order to pérmit the
weighting of the Habitat Parameters relative to each other, and to act
as a basis for comparison of the Inter-and Intra - Habitat Variables.
According to the correlation coefficients of each of the Habitat Parameters

with the Ecologists Habitats, the Parameters can be ranked in the order
shown in Table 5 below.
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Table 2

Ranking of Parameters for Conservation Evaluation :

Gairloch . Merseyside
Correlation * ' .| correlation*

Parameter Coefficient ~ Parameter Coefficient

1. Local 0.47 1, Vertical 0.96
Scarcity o --Strata

2, Species 0.46 2. Species _ 0.85
Diversity Diversity

3, Product of 0.41 3, Product of 0.38
Parameters Parameters v}

4., Vertical 0.24 4, Local ' 0.25
Strata i Scarcity

*Refers to correlation with Ecologists' Habitat Values

Because all the perameterg in both study areas afe highiy significant
when correlated with the Ecologists' Habitat Values with; in ail cases,
less than 0,001% probability that the relationship occurred by chance,
it ;ould be suggested that Rarity, Species Divérsity and Vertical Strata
were important factors taken into consideration by the ecologists in
earrying out the evaluations, in the national, rather than the.local
context, Some were moré highly correlated than others, however, and
the order of the three parameters was reversed betwéen the two study
areas, It can thus be suggested that iﬁ an hpland area of the size
studied or larger, ﬁocal Scarcity is the best singié par&meter indicating

high conservation value, followed very closely by Species Diversity.

The parameter Local Scarcity, based on representation within
the particular study area is influenced by the extent to which the
study areas are typical of upland and lowlend areas in Britain, It is
thOUght_that the Merseyside area is tha.least representative due to the

large amount of coastline and the associated Sand Dune and Salt Marsh

—— . N _ s ;2 —
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habitats which, although widespread within the study area, could be
considered rare in the national context. This could therefore explain
the low correlation coefficient for Local Scarcity in the Merseyside
region, as opposed to its high correlation for Gairloch, where, with
the exception of Montane Heath, all of the high value habitats (see
Figure 42, Map 17 for Gairloch) are relatively scarce, not only within

the study area but within upland areas generally in Britain.

In both study areas Species Diversity is highly correlated
with the Ecologists Habitat Values, It is more highly correlated in
Merseyside than in Geirloch, possibly due to the fact that some of the
high va}ua habitats in an uplandlregion are located in exposed and
marginel situations which allow fewer species.to'survive than in more

protected areas at lower altitudes,

The Verticel Strata Parameter is probably less indicative of
conservation value in an upland region'where maﬁy of the high value
habitats, e.g. mountaln top communities, Montana Heath, Galluna-Juniper,
are of low ph331ognomy, again due to exposure. On the other hand in a
lowland region the lowest conservation values have, on the whole, been
given to habitats low in Vertical Strata, such as Developed land, Managed
Gfasslaﬁd and Agriculfural land, The intermediata types in terms of
Vertical Strata, Allotments, Cemeteries eﬁo., Rough Grassland, and Scrub,
are similarly intermediate in Ecologists Habitat Values,’and according to
the ecologists the high value habitats such as Mixed and Deciduous

woodland and Salt Marsh are also high in Vertical Strata.

In the Gairloch area the Product of the Perameters was almost
as highly correlated with the Ecologists Habitat Values as any of the
parameters singly, suggesting that in an upland area a good indicator

of conservation value could be obtained by multiplying the measurements

for the Habitat Parameters,

Tt T

In the Merseyside area the Product of




Parameters was not as good an indicator of conservation value as

Vertical Strata or Species Diversity. It is suggested, therefore, that

in an upland region Local Scarcity, Species Diversity and the combined
Parameters are good indicators of conservation value, and that in a

lowland area Vertical Strata and Species Diversity are the best indicator

The Ecologists Variables had correlation coeff@cients of 0.02
and 0.07 respectively for Gairloch and Merseyside, showing that the high
value habitats were not necessarily accompanied by the environmental
and terrain features which contribute towards diversity in the area.
However, these variables may be of high ecological interest. Hedgerows

in the Merseyside study area, for example, lie mainly within agricultural
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land which has been rated low for conservation purposes. In the Gairloch '

study area some areas of low value Calluna-Molinia/Tricophorum-Eriophorum
habitat types are interspersed with large numbers of amail lochs and
pools which would contribute to the overall diversity of the area and
provide an important habitat for certain types of waterfowl, and for
animal species requiring areas of water within the moorland habitat.

It is suggested, therefore, that in assessing overall conserva%ion value
the Inter- and Intra-Habitat Variables be taken into consideration in
addition to data related to the habitat types. It was thought that

since the majority of the variables are extremely local, or small and
patchy, occurriné alongside and within the main habitat types, the

additional values given should be considerably lower than the habitat

values. (See Figure 42, Map 3, Gairloch, and Figure 43, Map 2, Merseyside,

of Ecologists Values). The difficulty of combining the values allocated

by the ecologists to the variables could not be overcome. For example,

_how many kilometres of stream length are equal in value to two kilometres

coast length, or six water bodies? The method adopted was, therefore,

to allocate the same value to each varisble. The difficulty will remain
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until further research allows a greater degree of objectivity in
evaluating the importance of such features. In terms of the present
study, maps 3 and 2, the Ecolégists Values maps; for Gairloch and

Merseyside respectively, are suggested as being the best overall

indicators of conservation value,

3. Comparisons Between Upland and Lowland

The significant differences between upland and lowland
environments, including the greater degree of uniformity and lack
of diversity in upland vegetation, inhibits attempts to use similarly
weighted evaluation parameters for each type of region. It is suggested
that in upland environments, other factors such as the intra-habitat
variables are more important contributors to conservation'valué than
in lowland areas., In uplands terrain is more irregular and interest
. is created as much by features such as rocks, boulders, surface
irregularities, slopes, and changes in altitude, as by the number of
species, or vertical layers in the vegetation, which tend to be relatively
low, or less highly correlated with conservation value, In a lowland
region, however, it is important not to disfegard the variables such
as hedge, coast, stream and woodland edge length, and water bodies,
all of which may represent isolated islands of semi-natural habitats

within intensively managed areas, and which, for this reason, are

additionally important,

Larger data collection units are thought to be appropriate for
upland environments, in accordance with the greater extent of the main
hebitat types and environmental vanationa. The grid square size
experiment showed that,for the Gairloch Habitat Parameters, the uncertalnty
which could be expected in tlhe measurements_obtained at square size nine

was not significantly greater than at square size two, (an uncertainty

of 9.3%, as opposed to 7.37% of the range of values at the 859 confidence
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level) whereas in Merseyside the uncertainty was approximately
doubled, from 16.6% to 337%. 'While the levels of uncertainty for-

Gairloch might, for some purposes, be considered acceptable, those

for Merseyside would probably not.

The value of the types of evaluation described in this stuly
are thought to be greater in upland regions than in lowland, since the
initial apparen£ uniformity of upland regions inhibit; attempts to

differentiate distinctive areas within them for purposes of evaluation,
Bcological information processed and output in map form according to
kilometre squares can therefore greatly aid such attempts. The mare
readily definable land use types in a lowland region, on theloﬂzer hand,
do not pose such difficulties, and the value of these methods must lie
partly in the ability to Eompare within the basic grid square framework"

other types of planning information with the ecological data.

Applicetions to Other Areas

The applications of the methods of data collection, processing
and evaluation used in this study to wider areas depend, as has been

stated in the discussion of vegetation classifications (Chapter II), on

the existence of standardised mapping units suited to air photo

interpretation. No such classification of habitats is at present available,

though an on-going survey to produce & National Vegetation Classification’
based on phytosociological criteria, at the 1:25,000 scale (Nature
Conservancy Council, in preparation) would seem to have potentials

in this context, enabling a greater degree of objeotivity to be obtained

from comparisons of mapped units in different areas, In the absence,

at present, of this type of classification, the most suitable method would
be to adopt categories specified for previous studies of similar types

of terrain, e.g. McVean and Ratcliffes' classification of Plant Communities

of the Scottish Highlands,
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The weightings of the parameters suggested for upland
and lowland regions respectively must necessarily depend for their
usefulness on the types of mapping catggories to which they are
applied, and in any particular study they are necessarily influenced
by the representativeness of the study area in which they are used.
Having considered these limitations it is possible to suggest a simple
method, using Remote Sens?ng techniques, f'or the collection and evaluation
of data over extensive areas of both upland and lowland for conservation

purposes. This method will now be described in Chapter VII:

AL |




CHAPTER VII

A SIMPLE METHOD FOR CONSERVATION EVALUATION
USING REMOTE SENSING

1. Introduction

Methods for carrying out a particular project are necessarily
limited by the current state of knowledge in the field concerned, and

by instruments and techniques available.

This study has examined the techniques of remote sensing in
relation to the major problems and the present state of knowledge in
the field of conservation evaluation. Limitations have been seen to
be imposed by three main factors. These are, firstly, the difficulty
of obtaining suitable remote sensing imagery; secondly, the problem
of identifying mapping units suited to air photo interpretation; and

thirdly, evaluation for conservation purposes of the data collected.

In view of the grbwing‘ﬁeed to consider wildlife conservation
as a relevant fachn"in land use planning, however, some attempt must
be made to devise a sufficiently standardised method which can be used
for rapidly evaluating at a generalised level' extensive areas of
countryside. This could then provide the necessary information base
for more detailed surveys as,” for example, in local plans, or in the '
designation of areas as nature reserves. Based on the findings of this
study, it is now possible to suggest a standardised method,based partly
on objective criteria, which can be used for the rapid collection and

evaluation of ecological data for the purposes of conservation.
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2. Data Collection

Aesrial Photography

Air photo survey work must often meke use of existing
photography, or if special photography can be flown, the choice of scale,
or type of film may depend on other types of data collection surveys

to be undertaken using the same photography.

The. optimum scale of photography in an upland area is thought
to be 1:20,000 but 1:15,000 or 1:10,000 would probably be more suitable
if the photography is to be used for more detailed studies at a later
stage as, for example, in differentiating types of bog, contouring,

and studies of burning and grazing. In a lowland area a scale of

1:10,000 or at least 1:15,000 would be required due to the greater amount
of ground detail present. However, in areas incorporating both upland '

and lowland types of environment, 1:10,000 or 1:15,000 would probably be

"

necessary.

It is always useful to have more than one ﬁypa of photography
available, since features which cannot be distinguished on one film type
may be readily identifiable on another. In an upland region, panchromatic
and trge colour photography are suggested'as‘tha best two types and the
best combination. It is easier to obtain good quality photographs using
panchromatic film, and most of the major vegetation communities and
terrain features cen be distinguished on the basis of pattern, grey tons,
texture and site. For the more difficult features such as rock and
scree communities, bracken, and Deschampsia grassland, colour'photogr&phy
woyld introduce a wider range of tones and thus facilitate interpretation.
Moreover, the realistic nature of colour compared to false colour photography

would help to verify the boundaries of most of the mapping categories,

particularly if flown in late August or in September, at the time of maximum
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colour differences in the vegetation, ~

The best types of photography to use in a lowland region are
thought to be panchromatic, and false colour infra-red. Most types
of habitat can be distinguished using panchromatic photography, and
its realistic image and good quality would enable this to be used for
thalmﬂjority of the mapping. On the other hand the inability to
distinguish freshwatér marsh and permanent pasture are thought to be
serious inadequacies when dealing with wildlife habitats, and false
colour infra-red is thought to be the best film type for obtaining
this information. Mudflats would be an additional category obtainable

if photography were flown at low tide,

Mapping Categories

These should preferably conform to anlexiating claséification
for a similar area, for which field descriptive aml quantitative data
is available. In the absence of any such clasaification,_mapping units
could be derived from an a posteriori method, using the air photo; as
the primary source of information. Homogeneous units would be deliﬁeated,
foliowed by field work involving visiting a specified proportion (e.g. 5%)
of each delineated type, in order to verify the boundaries mapped.
Subsequent laboratory work would then involve re-grouping the units
delineated on the air ghotos according to the field information obtained,
and any remaining unclassified areas could then be verified by subsequent

field visits, These methods (see Kuchler 1967), would apply principally

to natural environments since most 1oﬁ1and land use types are readily
identifiable, though in a lowland area it might be necessary to carry
‘out field surveys in order to check the accuracy of interpretation of

categories such as fresh water marsh, small ponds, scrub and rough grasél&nd.
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Size of Unit for Data Collection

As stated in Chapter I of this study, if the information is
to be used as part of an overall planning strategy, combined with
other types of information, and to be stored by computer, discrete
habitat areas are thought to be inefficient for the collection of"
habitat information over extensive areas of countryside. The efficiency
of data collection by grid squares is influenced by the size of squaré
used in relation to the number and size of habitat typeg within the
sfuﬂy area, Based on the results of an experiment described in Chapter
'V and shom in Table L, in view of the generalisations involved in grid
square data, it can be suggested that in a lowland region data collection
at the § kilometre square level would be necessary in order to retain
the required level of accuracy. 1In an upland region the larger size
of the habitats would enable data to be collected at the level of the
1 or 5 kilometre square without & serious loss of accuracy. It is also

suggested that the 10 kilometre square level would be feasible for some

regional reconnaissance survey purposes.,

Measurement of areas must necessarily involve a degree of error,
whethsr using a planimeter or a dot grid sampling system. However, thq
greater length of time taken using a planimeter must be balanced against
the loss of accuracy involved when a dot grid is used, It is thought
that compared with planimetred measurements (Appendix IX), the 95.4%
accuracy obtained using 25 dots for the %kilémetra grid square (Appendix
IX) would for most purposes be acceptable, and the 91.2% accuracy obtained
using 100 dots for the 1 kilometre grid square (Nash, 1975) would also be

accepteble. In this study measurement by planimeter of 23 habitats .

in 960, % kilometre squares for the uplam study area involved approximately

35 men-days and for the lowland study area, dot grid sampling of 15 habitats

in 628, % kilometre squares involved epproximately 6 man-days,
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3, Data Evaluation

The paremeters for conservation evaluation, Local Scarcity,
Species Diversity, Vertical Strata, and Inter- and Intra- Habitat
Diversity have been found to be the most useful in this type of
study, since data can be stored on a grid square basis, by computer,
and can easily be obtained from air photos, or in the case of

Species Diversity, from existing records for air photo-derived habitat

categories,

It has been found (Chapter VI of this study) that in an upland
region,charanﬁaﬂaad mainly by semi-natural habitats, Local Scarcity,
Species Diversity, and the Product of the Habitat parameters (Diversity,
Strata and Scarcity), had similar high correlation coefficiants when
correlated with conservation values subjectively allocated by a group
of ecologists, In a densely settled lowland region, on the other hend,
the parameters, Vertical Strata and Species Diversity were both very
highly correlated with conservation values (see Table 5). A method
for the objective evaluation of habitats could therefore be based
on the allocation of equal weightings to each of these, for each type
of region respectively, The Inter- and Intra-Hebitat variables are
also thought to be importent, and probably more so in a semi-natural,
as opposed to a cultivated or semi-rural landscape. Thus, it is
suggested that equal weightings be attached to each variable within
each region, though these should be lower than the weightings attached
to the paraméters, and slightly lower in a lowland than in an upland

region, Therefore, weightings could be allocated as follows:-

oo




13

Upland | Lovland

Local Scarcity Vertical Strata 5

Species Diversity Species Diversity 5

Product of Parameters Each of Variables 1

N W W

Each of Variables

Total for each square = Conservation Value

In order for the weightings to -take gffect, the values for the
habitat types according to each parameter would be scaled in order to
obtain a mean value equal to the weighting. The formula for the
consarvatidn value of a habitat in an upland, or semi-natural environment

could therefore be suggested as follows:=

LSx SDhx PPx
Conservation value of habitat x = ___ + +
5 s PP
3 3 3
where IS = Local Scarcity
SD = Species Diversity
PP = Product of Paremeters
IS = Mean of Local Scarcity values for all habitat types
LSx = Local Scarcity Value for habitat x

The formula for the conservation value of a single grid square

would be as follows

Conservation value = ¢ cover (xI) + & cover (x2).....etc. to xn

2 ?I + 2 vy essssssetc, to 2vn

where v = variables

x) = conservation value of hebitat x, (as above)

In the formula the measurement obtained for each variable within
& square would be multiplied by its value (2), thus although all of

the variables are given the same value, some allowance is still made
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for its extent; or magnitude, within each square. The same formula

could be applied to lowland regions, using the weightings suggested.

The parameters which cannot be used in this type of study, namely
size, shzpe,and distance from the nearest similar feature, obviously
contribute to the inadequacies of the method suggested, though they
could be used at a more detailed level for the evaluation of individual
habitats with discre£e boundaries., These suggestions, moreover, are
based on the results of one study, and ghoula be tfeated as a guideline
for ecological surveys for application at the genéralised level,

rather than as a defined methodology.
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CHAPTER VIII

CONCLUSIONS

The present study was undertaken using remote sensing for
the collection and evaluation of data for conservation purposes

ovér large areas of countryside. From experience gained, it is

thought that remote sensing is the most practical and efficient
method for acquiring the.generalised type of information needed at
the regionel survey level. The use of remﬁte sensing allows lafga;
often inaccessible areas of countryside, to be surveyéd over a
relatively short time period, and boundaries difficult %o distinguish
in the field may be easily seen on an air photo. In an easily
accessible lowland region the use of air photos for ecological
surveys can greatly reduce the time involved, even should some field

work be necessary.

The two major problems encountered in using remote sensing,
however, were firstly the lack of classifications of vegetation types
or habitats suitable for air photo interpretation, and secondly

thé difficulﬁy of obtaining suitable types of remote sensing imagery,

As demonstrated by the Moor House vegetation mapping experiment,
and also in both the Gairloch and Merseyside study areas, it was

impossible to reliably identify on the air photos used all the a priori
defined vegetation and habitat categories,

In the case of vegetation mapping, this is probably to a large
extent due to the criteria on which the initial classification is based.
These criteria, including physiognomy, dominance and species composition,
are derived from detailed field investigations and, apart frém physiognomy,

may bear little relationship to the image of the particular plant

community on an air photo, asPecidlly since the image can vary at different
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times of year. Bracken, for example, which may be dominant in species
composition in a plant community, may not actually appear above ground
at certain times of year, and thus would not be identified on an air
photo. Other plant,typés which are dominant, or sub-dominant, in a
community may be small in structure and physiognomy,.and the air photo
image may comprise other species larger in size and lower in species
oompositian. Certain types, such as mountain top communities and
grasslands, may resemble each other at certein times of year, and in
some habitat types geomorphological and terrain features may be more

apparent than the associated vegetation on a corresponding air photo

image;

In view of these difficulties there is an obvious need for the
development of classifications suited to air photo interpretation based
on the appearance of plant communities and habitats at different times

of year in relation to their air photo image, and also in relation to

the needs of the survey. It would, for example, be superfluous to

attempt to distinguish between two plant communities of similar appearance

if they had identical requirements and values for conservation and

management purposes. A classification of habitats suited to the purposes
of air photo interpretation could possibly be obtained by grouping some

" of the a priori defined categories on the basis of per cent cover of

each type related to air photo appearance. Or alternatively, additional

categories could be introduced on the basis of vegetation combined with

geomorphological and terrain features such as rocks and rocky outcrops,

mountain top detritus and scree, or the occurrence of small pools,

In the Gairloch study area the main difficulty was in the
interpretation of mountain top habitats in some cases where it was found
impossible to distinguish between areas of bare ground and the very pale

toned Rhacomitum-Empetrum and Nardus communities which often provide only

a sparse cover, However, becaws e these environments are often inaccessible
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on foot, and because of the time involved in visiting large numbers

of mountain tops, now frequently under great pressure from recreational
and other types of development, e.g. the Cairngorms,-aome attenpts

should be made to comprehensively survey these areas, using a suitably
devised classification. It is suggested that true colour aerial
photography might offer a better opportunity for differentiating

be£ween vegetation and bare rock, and also between différent types

of Arctic-Alpine végetation communities and geomorphological features

on mountain tops, since on black and white photographs their generally
light toned appearance limits the ability to differentiate between the
narroﬁ renge of shades of grey. Warren, working in the Gairloch study
area with the multi-enulsion photography mentioned ih Chapter IV, found
that true colour was preferable to panchromatic for distinguishing between
vegetation and scree. From a total of 10, 10 and 4 Poiﬁts were allocated
for this ability, to each film type respectively. For distinguishing

between bare ground and vegetation, 9 points were allocated to true colour, ?

and 6 to panchromaﬁic (Warren, 1971).

In general, however, before attempts can be made to develop
classifications suited to air photo interpretation, more must be known
about the different types of remote sensing imagery and combinations of
imagery which could best be used in diff;reﬁt types of environment.

The National Vegetation Survey, when completed, might provide a

standardised basis for deriving habitats suitable for air photo inter-

pretation,

In & lowland area the inability to distinguish freshwater marsh,
and to separate the agricultural land types, arable, ley pasture and

permanent pasture, was thought to be a serious limitation of the

photography used. In a semi-rural lowland region wetlands may be isolated

remnants of semi-natural vegetation and an important habitat for fauna;

marshy areas and small ponds in a cultivated landscape may be surrounded.
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by semi-natural vegetation left as unsuitable for ploughing. Permanent
pasture, as opposed to arable lend and ley pasture, is often very
important for wildlife and may be very rich floristically due to the
length of time it has remained unchanged. It is thought that false
colour infra-red photography would be more successful for identifying
both freshwater marsh and permanen{-. pasture if, in the latter case,
some criterionwere adopted for defining the age, related to the air
photo appearance of permanent pasture. As‘wﬁll as the type of
photography, scale is also important, and again this must be related

to the purposes for which the data islreqnired. Scales of 1:15,000

or 1:20,000 are suggested for upland areas and 1:10,000 or 1:15,000 for
lowland. For an intermediate type of region, inéorporating both upland
and lowland environments, 1:15,000 would probably be most useful, since
sufficient detail would still be available to record the greater amount
of complexity in a more densely settled region, while retaining the

advantage of dealing with a smaller number of prints and obtaining an

overall view. The uses of smaller scales, however, may be restricted

by the need to carry out subsequent, more detailed surveys of, for
example, burning and grazing, classifying different types of bog, and
in a lowlend region, for recording and classifying important features

such as hedges, road verges and railway cuttings,.

The attempt to standardise units of data colleﬁtion from air
photos might be assisted by techniques of remote sensing data enhancement
such as densitometry and spectral signature analysis (see Chapter II,
part I). Multispectral photography might eventually be used to’
automatically identify vegetation or terrain types on the basis of

spectral signature in different wavebands. In ecological studies these

techniques could be used to specify the levels at which the image spectral

differences between one vegetation or habitat type and another shall be

seen as large enough to necessitate inclusion in different mapping
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categories, and ultimately to identify these. The difficulty of

drawing objective boundaries in semi-natural environments where
gradations from one type to another may be obscure could possibly

be overcome by edge enhancement techniques, using digi£a1 outputs

of spectral data, An experiment undertaken using a microdensitometer

in the Gairloch study area is described in Appendix VII. Becawe the
techniques are not yet sufficiently developed, it was possible in this
experiment to record only relative variations in image density
representing terrain variations in one local area. For this reason,

the experiment was an attempt to use densitometric techniques as a

means of indicating relative variations in terrain, or terrain diyersity,
within an area, The objective use of these techniques, however, requires
purpose flown photography with the appropriate types of data collected '
at the time of‘the flight. In this, as in all aspects of remote sensing
related to ecological studies, more work needs to be carried out using
different types of remote sensing imagery. Of the parameters for
conservation evaluation mentioned in Chapter I which have been considered
in past studies, some were found to be more suitable than others for

use with air photos, Moreover, with the additionﬁl limitations impésad
by the collection and storage of data on a grid square basis, the
parameters which could be used in this type of study were found to be
Plant Species Diversity,rV9rticg} Strgcture of the Vegetation, Local Scarcity

terrain and vegetational features, as well as the number of habitats
within an area. The parameter Local Scarcity was used to replace
Rarity, since until considerably larger areas have been surveyed it will

not be possible,in the national context, to give a reliable eétimaéé of

a particular plant community.

Although at the present time little is known about the optimum
size of unit for data collection, it has been possible by grouping

data collected for the smallest size of grid square, namély a % kilometre
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eéuara, into larger square units, to calculate the amount of accuracy
lost at each level, in terms of the total amount of data for both
upland and lowland study areas. With each increase in square aize;
the degree of uncertainty obtained for the data collected also
increased and for the lowland study area the decrease in accuracy at
all larger square sizes was thought to be unacceptable for most survey
purposes, In the upland study area, however, results were obtained
for square sizes as large as 9 x 9 and 10 x 10 which were thought to
be acceptable for some purposes. Square size 10 x 10 would correspond
to the 5 kilometre grid size which is éhought to be the largest feasible
mapping scale for eitensiva surveys of remote areas, particularly when
time and other resources are limiged. It is thought that the prior
definition of homogeneous units as, for example, from small scale air

photos or from satellite imagery, would enable the size of data collection

~unit to be considerably larger, with a smaller amount of accuracy lost,

The methods of data storage and output used in'this study are
oonsidered to be flexible and open-ended. With data stored by
computer, according to grid location, it is possible to add additional
information, either ecological or other types of planning data, and -

to print out totals in visual form for the combinations specified.

Evaluation of the data collected may also demand flexibility.
For example, the data storage and output methods used allow print
outs of the locations of high value habitats, as well as of high vﬁlue
squares, or print outs can be obtained with an equal number of squares

in each value class rather than those éhowing classes of equal value,

Largely due to inadequacies of the data collection process,
conservation evaluation of large areas of countryside is seen, at the
present time, as an exercise which is subjective, Standardised methods
of evaluation can only be adopted for small areas where intensive field

studies can provide exact, quantitative information about species number,

e
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species composition, etc,, or for individual habitats when parameters
such as size, shape and species composition can be thoroughly examined
(see a study by Helliwell, 1974). For studies of large areas, however,
‘until the data collection process can become more objective, attempts

to standardise techniques of data evaluation will be inadequate.

In the present study thé best method for obtaining habitat
values was considered to be thfough consultation of authorities in
tﬁe field of ecology and conservation. The fairly large variability
in the values obtained must reflecﬁ the“past and present reluctance of
ecologists to make value judgements, ﬁnd this lack of agreement is
almost certainly a result of the non-existence of any definite guidelines
suggesting the dmportance of different criteria for conservﬁtion
evaluation., In attempting to provide an indication of the relative
importance of different parameters used in conservation evaluation,
a comparison of the evaluations according to each parameter with
the ecologists' values showed that, in an uplend area, the order in
descending importaﬁce of Local Scarcity, Species Diversity, the
Product of Parameters, and Vertical Strata, was obtained. In the lowlend
région the parameters arranged in order of descending importance weré

Vertical Strata, Species Diversity, Product of Parameters and Local

Scarcity,

It was possible,for the purposes of conservation, to suggest a
method for the rapid collection, storage and evaluation of ecological
data in extensive areas of both upland and lowland environments., The
usefulness of the ﬁathod is subject to the limitations of the study
itself whichare in turn restricted by present technology and air photo
availability in the field of remote sensing, as well as by the lack of
auitable classifications of habitats and the lack of standardised

criteria for evaluation in the field of ecology. However, the urgency

at the present time to attach objectively defined conservation values

T AT N T




to the whole of the countryside, as opposed to alreadf designated
sites, necessitates the development of a standardised method which

is based on specified criteria. This will then enable comparisons
with other areas in which data have been collected and evaluated in

a similar way, and also enable values for conservation to be compared
- quantitatively with other types of planning use, The method suggested
would be suitaﬁle for use by planning authorities or other bodies
responsible for land use planning and management, though the need for
further research is recognised in both remote sensing data collection'

and in the field of conservation evaluation.

140
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ABSTRACT
This study exaﬁines the present and potential usefulness of
remote sensing techniques for the.collection of ecological data
relevant to the needs of conservation evaluation over large
areas of countryside.
Parameters for conservation‘evaluation are examined in relation
to air photo capability and in relation to methods of data
storage.
Two areas, one upland, one lowland, ‘were chosen according to
air photo availability, and wildlife habitat maps were
produced, with mapping units derived from previously defined
classifications. It was thus possible to evaluate the
usefulness of air photos in relation to existing vegetation
classificatiorns in these two study areas, and also in relation
to a detailed vegetation map oflpart of the'Moor House National
Nature ﬁéserve. Types and scales of remote éensing imagery
coﬁld be recommended for further studies 6f a similar nature.
An experiment was carried out in order to indicate the
optimum size of data collection unit in relation to-the level
of accuracy obtained for varying square sizes, in both upland
and lowland study areas. |
The habitats in each study area were evaluated for conservation
purposes by a group of eminent ecologists, and by comparing
the values obtained with those for the conservation
parameters, Species Diversity, Vertical Strata, éndlLocal
Scarcity, it was possible to indicate the relative importance
* of each parameter in each study area.
Finally, based on the results of the present study, a method
was suggested,using remote sensing as the pfimary source of
information,for conservation evaluation over large areas of

countryside.
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APPENDIX I

EXISTING TECHNIQUZS FOR ECOLOGICAL EVALUATION

1. Bcological Appraisal of West Sussex: West Sussex County Council 1973

This study is an example of an extremely simple method.
Aerial photographs at a scale of 1:12,000 were used for habitat
mapping and the habitats were weighted by a member of the Nature

Conservancy on & scale of from 0 to 10 in terms of wildlife value, i,e,

High Grade Habitats . Other Habitats
Woodland 10 Parkland
Scrub 10 Orchard
Heath 10 - Plantation

Unsown Grassland 10 Improved Grassland

Tidal Mudflats 10 Arable
Send Dunes, Sand 10

O N Ww OO @

Developed Areas
Freshwater marsh 10 ‘

Saltings 10
Freshwater 10

The proportion of each habitat type in each ¥u® was estimated using

& sampling system comprising 16 equally spaced dots, each representing
6.25% of the area of the km?. A score for each habitat in a square

was then obtained by multiplying the number of dobts falling on it by
its weight, and the scores were added together to give a total score
for each square. Additiocnal points per km2 were allocated for large
areas of over 3 km? of high grade habitat,hedges represented by

the number of fields and for the presence of nature reserves, SSSls and

reserves owned by the Sussex Trust for Nature Conservation.

2. The Assessment of Ecological Value: A new approach and field

Evaluation: Conservation Course, University College 1972

This study was carried out in part of the Wye valley and

surrounding upland. Data was collected in the field and assessment



L]

was based on the parameters of Extent, Rarity, Plant Species
Diversity and Animal Species Diversity (related to vertical layers
of the vegetation). Calculating an Index of Ecological Value for
each k:mz, the study concluded that different parameters, and
different weightings of the parameters should be used for evaluation
of upland and lowland areas respectively. A second conclusion
reached was that in studies of this type there was a need for some
basis for overall comparison of results, such as sites already
designated, or evaluated by a different method. The use of aerial

photographs was recommended for future studies of this typs.

3. Criteria for the Selection of Nature Reserves: D.A. Ratoliffe,

Advancement of Science, 27.

The processes of selection of Nature Reserves are outlined
as oomprising 1, field survey, 2. the application of agreed standards
of Judgment to the data collected and 3., the final choice of some

of the highest quality sites. The judgment and selection of sites

is based on

Extent Research and Educational Value
Diversity Recorded History

Naturalness Potential Value

Rarity

Fragility

ﬁepresentativeneas

L. An Ecological Evaluation for Planning Purposes:

Kast Hampshire
AONB Report, 1968, Hampshire County Council.

The study was undertaken as part of a general resources survey
for planning purposes, which at the time was a new approach in rural
planning. Most of the data was collected by field survey methods,

though air photos were used to determine boundaries between different




ecological zones, for inaccessible areas and for the location of

agricultural land and hedgerows.

The wildlife valus of the area was divided into five categories
based on the parameters of habitat diversity and rarity of the

ecological zones, in the context of Southern England,

The 28 ecological zones mapped fell into one of three broad

categories,
(a) A complex of habitats comprising a particular type
of agricultural land ‘
(b) Commercial woodland G

(o) Unsown vegetation

Evaluation of the zones was based on aﬁbjectiva criteria., Because

of thelr rarity in lowland England, unsown vegetation and commercial

woodlands were given high and fairly high values respectively. The
evaluation of agricultural land was based on habitat diversity,

reflected by the presence and amounts of the“foliowing features

1. Permanent pastures and long term leys
2. Hedgerows and hedgerow timber

3. Boundary banks, roadside cuttings, banks and
roadside verges

L, Park timber and orchards
5. Ponds, ditches, streams and-other water courses
6. Fragments of unsown vegetation smaller than % km2

(the minimum size 1imit for an ecological zone).
For each agricultural zone the above features 1-6 were given scorings

as follows

0 = none, or virtually none present
1 = present (not conspicuous)
2 = numerous

3 = abundant




Thus the five categories of wildlife value comprised

Categories I and II Unsown Vegetation
II and III Commercial Woodland

Agricultural land fell into Categories II, III, IV and V according

to score.

5. A Quantitative Survey of Chalk Grassland in England

J.W. Blackwood and C,R. Tubbs, 1970, Biological Conservation
Vol. 3 (From a survey carried out in 1966).

The aims of the survey were to demonstrate the practiocability
of carrying out rapid and extensive quantitative hebitat surveys
and secondly to obtain date about the amount and distribution
of chalk grassland as a basis for further study. Mapping was

carried out by field survey and the criteria fcr inclusion were
strictly defined.

The habitat was defined as "unsown grassland on soils of

which the parent.material was chalk". Other réfinements, largely

subjective, were mede, e.g. former use of herbicides meant exclusion
as did sites less than 2 hectares and sites with over 507 scrub.

Areas were estimated by using a transparent grid superimposed on

survey maps,

The data obtained was on a county basis and included

Acreage of chalk grassland

Acreage of land on chalk

Chalk grassland percentage

Number of fragments (by size categories).

6. A Method for the survey and classification of marginal land

in agricultural landscapes. M. Kent (1972), M.Sc. Thesis,
University College, London

Marginal land, for the purposes of this study, is defined as

"land not, or only marginally, involved in agricultural production,




and lying outside areas of settlement". The methodology
developed hed tw basic phases; firstly, data collection and

secondly organisation of the data into a meaningful form, preferably

of use to the planner, or decision maker,

Data was collected from maps and by field survey for all
marginal sites within one region, and the following site

characteristics were recorded

l, Area
2. Shape

3. Measure of habitat type (using Elton's system of
habitats and formation types)

L. Vegetation species diversity - number of species
counted for each type of habitat

5. Quality of surrounding agricultural land
6. Access quality and access distence
7. Distance from nearest similar feature
8. Present use of site
9. Landscape quality
10. Ommership

The data was then élassified on the basis of site aimilarity'for

management purposes, using cluster analysis, the main divisions of
the data being based on hebitat types. |

7. An Ecological Survey and Evaluation: C.L. Scott (1972)
M.Sc. Thesis, University Collere, London

The aims of the survey are seen as

1. ease of assimilation into the planning process

2, accuracy and objectivity to enable conparison
between different areas

3. simplicity, for understanding by both ecologists
and laymen

L. provision for use at different levels of the planning
process




Aerial photographs and field surveys were used for data
collection on habitat types on a 200 me*l:re2 grid basis, and

the evaluation parameters used were

Vegetational Species Diversity - number found by field samples
Vertical Structure
Size (including shape)

Scarcity

The scorings for vertical structure were as follows

Score
Edge 10
High Canopy (Trees)
15! Edge 8.
Low Canopy (Scrub) 7
6! . Edge 6
5
High Field layer
3 Edge &
Low Field layer 3
6" Edge 2

Ground zone

Scarcity was measured at the local level by giving a value inverse
to the amount of the habitat within the test area, Arbitrary
values of 10 were given for each of National and Regional scarcity.
Measurements of size took account of percent cover in each square

and the total size of the habitat, e.g.

STH.l x Cl + STH, x 82 STH = Total Size of Habitat

C = % cover in 200::12




Species Diversity values were calculated by multiplying the number

of species found in a particular habitat type by the percent cover

of that type in each 200m square.

Total values for each 200m square were then calculated by - |
multiplying together the scores for each parameter. Scores for |

discrete areas were also obtained by adding all the squares touched
by the area.

8. Conservation of the New Forest: Forestry Commission et at (1970)

Data was collected using maps, ground knowledge and field survey
and aerial photographs, and after trying the division of the area '
into a grid based on 500 sq., metres,discrete areas were adopted for

greater precision, which proved too complex when comparing different

types of information.

The study used subjectively chosen categories of unenclosed
common land, enclosed private land, and forestry commission enclosures.

The categories were then evaluated subjectively according to three

grades of value based mainly on habitat and species diversity and
according to local knowledge of the area, |

9. A Plan for the Chilterns: Joint Study Group, 1971, Report
of the Chilterns Standing Conference

Habitats were mapped at the 1:25,000 scale. These included

Woodland (deciduous, coniferous, mixed, coppice with standards)
Scrub

Grassland (chalk domland, acid grassland)

Heath (dry, wet)

Wetland (marsh, water meadows)

Open water

Agricultural land H
Built-up areas |

M



The habitats were evaluated subjectively based on the fact that

"a sound local knowlege is needed". Areas were marked 'important’,
‘very important', and 'worth preserving', arbitrarily using
weighting factors such as the importance of beechwoods and chalk

grassland in the Chilterns and the scarcity within the Chilterns
of other habitats.

10. The Value of Vegetation for Conservation: Four land areas in

Britain. D.R. Helliwell, 197L. Journal Environmental Management
Volune 2

This is the first study to compare one region with another,
rather than one part of a region with other parts of the same
region, and is of great value in that it specifies the use of
defined weightings which can be applied to any area in Britain,
based, as they are, on rarity of the actual species in the study area,
One area had already been mapped by the Nature Conservancy using
colour and black and white air photos, and the other three were

sampled in a random fashion on the ground.

The Atlas of the British Flora was used to compare the frequency
) of plant species in each km® in the study area with its occurrence
in the region and in Britain. A total score for each species was
obtained based Qn its local, regional and national rarity. Using

& constant index for conservation vaiua, the scores for all the
species are summed to give a total score for the study-area,

Using this method for four study areas it was possible to-cbﬁpare,

with some degree of objectivity, the total value for conservation
of the plants in each region.




11. Coventry = Solihull - Warwickshire: A Strategy for the

Sub-Region, Warwickshire County Council (1971), Supplementary
Report 5 - Countryside

The basis of this report was the work of Helliwell, with
values based entirely on rarity and species diversity. In the
absence of a scientific classification of habitats, land use
categories previously defined for a landscape study were used.
Categories were amalgamated wherever their habitats were
sufficiently similar to support the same, or comparable species.
On this basis the habitats used were:

Farmland
Woodland
Developed land
Parkland
Heathland

Unused land
Water

Scarcity indices were based on total extent within the region,
Diversity indices were based on & consensus of opinion within the
Nature Conservancy, and combined values were found by multiplying
them together. These final values were then compared with
distributions from the Atlas of British Birds (1970), since birds
are kmown to respond quickly to changes in the environment. The
number and scarcity of birds within each 10 km square showed a

reasonable correlation with the wildlife values arrived at,

Biological Sites Recordinz Scheme, S.P.N.R. Conservation
ILialson Committee, Tech. Publ. No. 1, 1969

This scheme is not & study of a particular area, but is a
methodology devised to enable habitats to be classified objectively

according to specifically defined criteria. The scheme originated

from the lack of a standard method for collecting reliable information




on the extent, distribution, quality and management of
habitats in the county. A method is described for collecting
habitat information about sites. This would include:

1, Variety of habitat present
2, Species associated with habitats (frequency and extent)

The habitat classification used considers both wegetétion, and
the physical characteristics of the environment, such as soil
acidity and drainage regime, Habitats are defined according to
vegetation structure and species composition, with structure
comprising the first level of the hierarchy, and each habitat
can be modified by designations Alpine, Brackish, Maritime,
Intertidal and Peat. Data is collected on record cards for easy

transfer to 80 - column punch cards,




APPENDIX II

Scattering

Rayleigh Scatter

This is performed by atmospheric molecules and extremely
small particles smaller than the e-m radiation. This shortwave
radiation is scattered more than long; blue light being
scattered four times more than red light, changing its direction,
but not its colour or energy. Because it affects the shorter
wavelengths, Rayleigh scatter is more obvious on clear days
when there are fewer particles of dust and water vapour which
affects both short and long waveléngtha. It is also more
evident later in the day, with a longer atmospheric path of

'tha sun's rays. So many of the blue wavelengths may be

scattered that the sun often has a reddish appearance,

Mie Scatter

This is caused by small droplets and particles with similar
wavelengths to e-m radiation. The total amount of scatter is
greater than Rayleigh scatter, affects longer wavelengths and

is selective according to wavelength, blue light still being
affected more than red, however. '

Raman Scatter

This is insignificant compared with the total amount of scatter.
Occurring in the visible and ultra-violet parts of the spectrum,
it involves a change in energy, and, therefore, in wavelength,

of the photons received.

Non-selective scattering

This type scatters all wavelengths and is accomplished ﬁy |

particles several times tha size of the e-m radiation, e.g. fog,




mist, rain or smoke. Water droplets in clouds, and smoke

particles scatter all wavelengths equally well, hence the

generally white appearance of clouds and smoke.
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Factors affecting quality and infbrmation content of an aerial

AFPENDIX TTII

photograph (After Roedel 1972)

a)
b)

c)
d)

e)

£)

g)
h)

Incident sunlight/skylight
Primary attenuation of sunlight by atmosphere

Spectral absorption and reflection of the ground
subject

Intensity of ground subject reflection

Secondary attenuation of ground reflected light by
atmosphere '

Spectral transmittance of the optical system

Spectral sensitivity of film emulsion

Quality control of film processing system
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APPENDIX IV
PHOTOGRAIMETRY

Por photogrammetric mapping purposes vertical aerial
photographs tend to be preferred to oblique photography. Most
measurements are carried out using adjacent, overlapping
photographs under a stereoscope, which produces a 3-dimensional
image. Measurement of objects imaged on the photograph depends
on knowledge of the scale, which is a function of the focal
length of the camera, and the flying height above ground level
of the plane. The most popular focal length is 6 inches and
so to produce a scale of 1:10,000, the plane would have to fly
at a height of 5,000 feet above ground level. The difficulty
of doing this consistently in rugged and mountainous terrain,
however, produces inconsistencies in scale, Distortion of
objects on the photograph can also be caused by tip and tilt
of the plane, i.e, nose and tail, or either wing up or down
respectively, though the amount of tip and tilt can be calculated,

and distortions rectified, Most photographs are automatically
- rectified to remove geometrical distortions, and electronically

dodged to lighten areas of shadow or darken areas of high reflectance
or glafe.

The height of objects on the ground can be obtained by
measuring the parallactic displacement of objects caused by the
fact that the camera has looked at them from a slightly different
angle on each photograph. Icontours can be plotted by obtaining
a serles of deﬁ?urements and Joining up points with similar height
above datum, Alternatively, contouring can be carried out using a
Plotting machine such as the Wild A7 stereo-plotter, relatively

rapidly, and with a high degrees of accuracy. For example, using

photographs at a scale of 1:3000 a 6ft. contour interval can be
achieved.




APPAIDIX V

FILM EMULSIONS

Trus Colour Film

True colour film has three sensitive emulsion layers using
the colorants, Cyan, Magenta and Yellow, which are sensitive to
red, green and blue light respectively (Figure 5). A yellow
filter is placed between the blue and green sensitive layers,
since they are also sensitive to blue 1light. Its resulting
sensitivity is thus approximately 0.4 - 0.7 microns. Using
these three primary colours it is possible to produce all colours
perceived by the human eye, though there is no process to
accurately do this. Colour film is used with a‘ﬁratten 1A filter
to cut out short wavelengths, absorb blue light and haze, and

thus correct the colour balance at low altitudes.

Panchromatic Infra-red film

This £ilm has a sensitivity to all parts of the visible spectrum
except between approximately 0.5 and 0.52 microns., It extends into
the near infra-red as far as 0.9 microns and its use with an 88A
filter cuts off light below 0,70 microns. As a result, the overall
sensitivity covers parts of the red and near infra-red portions
of the spectrun, It is thus not affected by atmospheric haze,
although most investigators agree tﬁat the usefulness of this film
is limited by the 'washed out' appearance of the image, the loss
of clarity being partly due to the fact that most aerial cameras

are set with the focal plane appropriate for panchromatic £ilm,

infra-red film needing 0.5 greater focal plane. A second difficulty

is in obtaining the correct exposure, since the filtér used excludes

most of the visible light and infra-red film tends to be underexposed.




Palse Colour Infra-red Film

Similar to true colour film in that it has three sensitive
layers, False Colour Film has the blue layar replaced by an infra-
red sensitive layer, Cyan-, yellow-and magenta-forming layers
are sensitive to infra-red, green and red radiation respectively.
All emulsions of the film are sensitive to visible radiation below
500 microns, but these wavelengths are eliminated by the use of
& yellow, minus blue filter. ObJects reflecting only infra-red
energy will form a red image, those reflecting only red energy
will form a green image and those reflecting energy in the green

part of the spectrum will form a blue image.

Multispectral Photosraphy

Because of its sensitivity to all of the visible wavelengths
panchromatic film is well suited for use with different filters
in multispectral photography. This is a process which uses
several sensors to record e-m energy from a scene, each in a
different restricted spectral band. For example, if two objects
such as grass and trees reflect similar amounts of energy in
the green band aml differ in the red band, then in order to
distinguish between them it would be necessary to use a film-filter
combination sensitive to red, but not necessarily to green light,

A popular choice of film-filter combination to obtain multispectral
photography using panchromatic film is:

Panchromatic film with a 47B filter (0.40 to 0.48 microns )

. . . 61 " (047 to0.61 )
" =" 254 (0.58 to 0,72 » )

" " ow 88A "  (0.70 to 0.90 " )




Multispectral photography is carried out using either a
multi-lens camera or two or more cameras bore-sighted together,
though neither device is as yet readily obtainable, and work
in multispectral photography is still very much of a research

nature.
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APPEIDIX VI

Technologzy for Remote Sensinz Data Enhancement

Densitometric Analysis

This involves measuring photographic density of very small
portions of a photograph, e.g. 1 million bits per photograph,
in one or several spectral bands, using a scanning microdensitometer,
If certain physical conditions of the system are known, the
density can be converted to a spectral signature (Preston, 1974).
This signature can be used in automated systems to identify
the objeot on the photograph according to the difference in
density in each band, or the spectral signature. Unique
spectral signatures ere not known for most environmental parameters,

owing to dynanic variables in the environment, or to instrumentation

errors,

There are certain highly specific requirements necessary for
the scientific evaluation of aerial photographs using densitometry,
and these requirements should be observed for most photographic

missions if meaningful conclusions are to be dramn from the imagery
obtained. The criteria needed are:

1. Pilm characteristics
a) D log E curve for the film gamma
b) Spectral sensitivity curve

2. Filter transmission

3. Lens characteristics

a) Light distribution at the film plane

b) Spectral transmission

c) Focal length -

d) Field of view and correspondent image field size
e) Aperture

£) Shutter type and speed




), Environnental conditions
a) Sun altitude and incidence relative to
£1ight line

b) Meteorological conditions at time of
flight

5. Calibration control

either &) Ground control panels of known spectral
reflecticn propertics to be included in
at least the first and last frames

or b) Measurements by a telespectroradiometer

at several points during the flight, these
to include the downward solar flux
distribution at the aircraft level

6. Spectroradioneter measurexert s of spectral reflectance
of vegetation in selected test areasin the flight line,
Corrclations can then be applied to the densitometric
data obtained frem the photography, allowing a greater
degree of confidence in classifying objects and
extending signatures to areas beyond those used.

Digitisation Teckninues

These computerised techniques convert the photographic densities
obtained frcm each band to a ccoputerised numerical value., The
spectral signatures from each point are classified as belonging
to an already defined group of objects. Thus, each ground
resoluticn elezent can be allocated to a particular ground cover
type based on similarity of spectral signatﬁre. A computer symbol,
or digit can be used for each of these types, and a print out of

estimated ground cover types can be obtained in mep form,

Image Enhancezent

L 0

There are three pmain techniques which can be used to aid

interpretation of an image. These are:

Density slicing = This involves the measurement of

photographic density by an image processor capable

NS TN S Lt o ol e S B R



of recording a large number of grey tones, to which
a range of colours is allocated, and the enhanced

image can be displayed on a video screen.

Edge erhancenent - This involves machine measurement of

the overall range of photographic density within image
components of a size designed as constituting an edge.
The size is specified according to the type of edge

being investigated, since a field boundary edge, for
example, may be narrower than the boundary between two
natural vegetation units, Where the range of photographic
density between one image component and the next is
greater than a specified level, these components

constitute an edge.

Additive colour technicues - These are used for the

enhancement of multispectral photography, from which
positive transparencies have been produced for the

image representing each band. These are then projected,
each with a different coloured light, to be superimposed
on one another. By using blue, green and red lights,

a true colour rendition can be obtained and if a fourth
infra-red image is used, a false colour image results,

A special additive viewer gives control over brightness

and colour saturation, though the basic effect can be

achieved using a lantern slide projector.

.
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APPENDIX VII

COLLECTION AND PROCESSING OF REMOTE SENSING
DATA RELATED TO VILDLIFE CONSERVATICN
IN NATURAL ENVIRONMENTS

INTRODUCTION

There is a growing need,in many countries of the world, for
rural planning of a comprehensive nature, involving the rapid
collection and evaluation of themati¢ information relevant for
wildlife conservation. Environmental planning, in this context,
aims at protection of the most ecologically interesting areas by
allowing only compatible forms of land use, with more intensive

development of the least interesting areas.

This study describes the collection, processing and evaluation
of remote sensing data related to wildlife habitats in the Gairloch

Conservation Unit, Wester Ross, Scotland (Figure 1), by both manual

and machine-assisted methods,

. Figure 1. Study Area

Aston University

lustration removed for copyright restrictions




T GROUND TRUTH DATA COLLECTION

METHODS USED

‘The £ilm types used were black and white panchromatic prints

and true color transparencies, both at a scale of 1:10,000,

The collection of environmental data relating to the arca's
ecological interest was done themetically, using the panchromatioc
photography, since adequate coverage of the color photography
was not available, Data was obtained for the whole area and was

fed into a computer on a % n® grid basis, The data collected
included

A. HABITAT TYPE

Type of wildlife habitat (based mainly on vegetation mapping

categories, but including such environmental features as bare rock,

scree, water surface, etc.)

B. INTRA-HABITAT FEATURES
1. Stream length (kms per % ku°)
2. Coast length (kms per & ¥m?)
3. Woodland edge (kms per & kn?)
L. Relative Relief (difference in altitude within 1km?)
5. Boulder-stremn terrain (% within km®)

~ 6. Rocky outcrops (areas having over 33% surface in rooky
outcrops (% within 1km2)
7. Crags (% within im?)

8. Number of water surfaces (per %km?)
9. Number of habitats (per ikm?)

EVALUATION

Both the habitat types and the Intra-Habitat features *ere

given a value based on questiohnaires sent to a group of eminent




ecolegists, and a print-out of the total value for each square

was ebtained,

II

This type of rapid survey whioh ia, in eocological terms, bLoth
small soale and generalised, cannet include some of the important
factors in ecological evaluation, such as apecles rarity and apeciaen
diversity; however, at this scale of survey, variety of terrain
and diversity in and between habitats beoome important, and are

readily identified on aerial photographs.

MICRODENSITOMET¥R ANALYSIS

METHODS USED

To obtain A mere ebjeotive measure of terrain diveraity beth
within and between habitats, a scanning miorodenaitometar was yused
with 38 randomly selected frames of the trus ocelor transparanciss
(Figure 2) in order to measurs variations in photegraphic density.
The area of each frame ocorresponded to &kmz. 1t wams assumad that

photographio density would correspend to variations in oonditiens

on the ground i.e., terrain diversity.

Figure 2,Black and White print from colour Lransparenoy.

Aston University

lustration removed for copyright restrictions




b bt s

The initial survey using the panchromatic photdgraphy provided
ground truth information and values were calculated, as above,

for areas corresponding to each of the 38 frames selected. These

more conventional assessments of ecological value could then be
compared with the values obtained using the scanning microdensitometer
i.e. qualitative measurements of diffe;ent terrain features

compared with generalised measurements of variations in gpotographio

density, this also representing terrain variation.,

Four parallel scan lines a frame were obtained for the 38

frames and slit width was adjusted to 800 , representing 8 meters

on the ground at 1:10,000 scale. Graphs were drawn for each scan
line (Figure 3).
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FRAME 147 SCANNING GRAPHS

Figure 3. Frame 147 Scanning Graphs
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Processing of the scanning graphs involved consideration of

the total number of intersections of the graph with class
bounéaries which were fixed according to the average range of all
the graphs and of each individual graph. Graphs haQing the
greatest number of intersections indicated frames with the highest
amount of variation in photographic density. Scenning graph data

was then correlated with scores fqr the areas of frames evaluated

according to Intra-Habitat variables.

RESULTS .

The table below shows the results for the first five out of
38 frames,

TABLE 1
FRAME GRAPH TOTAL INTERSECTICNS INTRA HABITAT-VARIABLES
1 610 | 1188
2 563 919
3 500 858
L 616 2151
5 579 ' 1027
ete to 38

CORRELATION COEFFICIENT = 0.606

From statistical tables the correlation coefficient 0.606 has
approximately 1 chance in 1000 of being not significant, i.e, there

are 1000 to 1 chances that the data are significantly correlated.
CONCLUSIONS

The results show that the variations in photographic density
on the sample frames shown by fluctuations of the corresponding
scanning graphs correlate well with values assigned to measured

variations within and between habitats on the groumd, i
]

«8, Intra-
Habitat diversity (variables B 1-9),




SUMMARY

Among the inadequacies of this, and similar surveys, are:=-

1. Some variations on the ground may not be fully represented
in variations in photographic tone, e.g. shadow due to sun
angle and sloping terrain,

2. The impossibility of measuring (e.g. in B. 1-9) all the
terrain variations, :

3, The difficulty of accurately combining values for e.g.
stream length with those for relative relief, however,
in terms of environmental planning, it is being realised
that this kind of effort must be made, for the purpose of
making comparisons and decisions between different areas,

L. Lack of knowledge of atmospheric and film processing
criteria for the particular mission prohibits absolute
comparisons between ground and remotely-sensed data.

APPENDIX

Scores for all measured variables were divided into classes
ranging from 1 to 10, the size of & class being based on the range of

scores in that category, i.e. highest to lowest,

e.8. Relative Relief Category

Highest = 500(m) Lowest = 0 in any area corresponding

to a frame
Scores of 0 - 49 = 1
50 =99 = 2
450 - 500 = 10



APPENDIX VIII

pata used for mapping categories

Mapping categories, according to Conservation Course (1971)

derived from 'Plant Communities of the Scottish Highlands'

(McVean and Ratcliffe, 1962)

Mapping categories comprise the following types:

Categogx

Pinewood
Birchwood

Bracken Grassland

Calluna

Calluna Molinia
Calluna-Xolinia/Tricophorum-
' Eriophorum

Tricophorum-Eriophorum

Calluna-Juniperus

Deschampsia caespitosa

Rhacomitrium-Empetrum

Types included

Pinetum Hylocomieto - Vaccinetum
Pinetum Vaccineto Callunetum

Betuletum Oxaleto - Vaccinetum
either birch or rowan dominant

Birchwood, fern-rich, treeless facies

Vaccineto - Callunetum
Molinieto = Callunetum

Molinieto - Callunetun
Tricophoreto = Callunetunm
Molinia - Myrica nodum

Molinieto = Callunctum
Tricophorum = Eriophorum
Calluneto - Eriophoretum

Tricophoreto-Eriphoretum typicum
Molinieto-Callunetum
Molinia-Myrica nodum

Juniperetum nanae

Western Calluna-Arctoataphyllos
Arctoeto-Callunetum
Molinieto-Callunetum
Vaccineto~Callunetum

Alchemilla-Agrosto-Festucetum
Thalictrum-Ctenidium provisional nodum

Deschampsieto-caespitosas alpinum
Tall herb nodum

Deschampsieto Rhytidiadelphetun

Triquetrosum
Philonoto-Saxifragetum stellaris

Rﬁacomitreto-Empetrum
Cariceto-Rhacomitretun lanuginosae
The cusion herb facies of the

precedin e
Nardus-Tricophorum nodum i



Cétegog Types included

Rhacomitrium-Empetrum with Nardus Nardus-Tricophorum nodum

Nardus-Rhacomitrium nodunm
Cladineto-Callunetun

Cariceto-Rhacomitretum lanuginosae

Field sampling methods used (after McVean and Ratcliffe)

Square plots were marked out, slightly larger than the recognised

minimal area, (Poore, 1955). A standard plot size of L square metros

was used, but where appropriate, sizes of 1, 2 and 16 metres were

used. Species occuring in each plot (including bryophytes) were
then listed, along with criteria such as altitude, aspect, slope,

percent cover and height. Species Diversity values for the Habitat

mapping units were taken as the average number of species in each
of the McVean and Ratcliffe vegetation types making up the Habitat
mapping unit, e.g, Montane Heath was given the average of the number

of specles occurring in Juniperus nanae and Arctostaphyllos-Calluna
types.

Eroding bog was counted as Calluna-Molinia

Unpatternsd bog was comnted as Tricophorum-Eriophorum

Bog with distinct pools was counted as Tricophorum-Eriophorum
Linear patterned bog was counted as " "
Improved land was counted as Spp. poor Agrostis-Festuca
The categories, Bare Ground, Scres, Peat Cutting, Coastal
Grassland, Sand Dunes and Water Surface did not ocecur in
McVean and Ratcliffe vegetation types, and the number of

species in each of these was taken from Birks (1973).

Criteria used (after Birks) for evaluations of Species Diveorsity

Sand Dunes Plot Size Lm?. No, of stands = 2
Fore dunes av. no. of spp. = 18
Grey dunes "™ ® n » = 26
Coastal Grassland  Plot size Lm?, No. of stands = 5

Molinio=Arrenatheretea
Average no., of spp. per stand

29.4




Water Surface No. of lochs sampled i 11

Average No. of spp. = .7

Peat Cutting Allocated same score as eroding peat
Bare Ground Plot size = % and 1 square metre
No. of stands = 7

Sampled cormunities on igneous rocks, on blocks, and irrigated

rock slabs
Average no., of spp. = 16

Scree Communities Plot size = Lmz No. of stands = 4

Sampled scree and gravel communities of the Alpine and Sub. Alpine

zones, Average no, of spp. = 1k

MERSEYSIDE

Data from South-West Lancashire Data Bank, Merseyside Museum,
Agricultural land value taken as average of Rough Grassland
and Managed Grassland.

* No valués obtaineble therefore values allocated based on

‘estimations from values for other habitats,



APPENDIX IX

COMPARISON OF AREAS (PERCENTAGES) OBTAINED FROM

EAS

SAWMPLE POINTS AND MEASURED

FoN #8°9 %°g ¥R INEOWId

0 o- | g0~ Gz Gz ez LT 9
ToT+ 6°z+ 1°0- 9°L1 Lt G*02 G*LT R
#70~ ¢o- | ot g 0°6 °5 4o T
8T~ 1°e- L1~ 1 9°1 €1 LT '
2T+ °0+ rAdiss 8°LS 0°65 2°8s 29 £
1°0- A T°0- 9°0 6*0 %°0 60 I

0 g*0~ €0~ G2t G°2T L 1T g 6 H

0 0 2 0- 2°0 2°0 2°0 - A
s30p G2 §30Dp 9T §30p 6 2 ¥ 2od P = .Sa. N_BH ¥ aed
8B80J8 PaINSEOW WOXJF ©SUSISJJIT( peJanseaj sq0p G2 830pP 9T £30P 6

‘¢ VL




APPENDIX X

VALUES F(R THE HABITAT PARAMETERS, SPECIES DIVERSITY

VERTICAL STRATA AND LOCAL SCARCITY

GAIRLOCH
Habitats sf;g:.zit Ves_r:;;;i n?_vggﬁtgz
1 Pinewood 1.9 L 18
2 Birchwood 1,65 L 28
3 MNixed woodland 0.55 N 23
L Bracken - 5.6 2 25
5 Calluna-Molinia 0,01 2 18
6 - Calluna 0.18 2 33
7 Calluna-Molinia/Tricophorum- 0.02 2 21
Briophorum '

8 Eroding Bog 0.92 2 18
9 Un.patternad Bog 0.21 2 23
10 Bog with distiﬁct pools 0.74 5 23
11 Unpatterned Bog 0.52 5 23
12 Cﬁlluna-Juniperus 0.41 2 24
13 Montane Heath 0.15 2 2L
14 Deschampsia Grassland 0.24 s 29
15 Rhacomitrium-Empetrum . 0.22 h | 20
16 Rhacomitrium-Empetrum with Nardus 0.38 A & 20
17 Coastal Grassland 2.17 1 29
18 Bare ground 4,26 1 16
19 Scree 0.73 1 1,
20 Peat Cutting 8.84 2 18
21 Improved land ' 0.43 2 25
22 Sand dunes | 1,78 2 22
23 Water Surface 0.26 3

15



MERSEYSIDE
Habitats Local Vertical Specios
- Scarcity Strata Diversity

1 Coniferous woodland 25,6 IN 30

2 Deciduous woodland 3.8 4 150

3 Mixed woodland 25.0 L 150

l, Sand dunes 0.5 L 200

5 Salt marsh ' 4.0 5 50

6 Water bodies 22,2 3 130

7 Heathland | 2.0 2 50

8 Unimproved Mossland _ 9.6 3 20

9 Scrub 2.3 3 50

10 Rough Grassland 2.4 2 150

11 Agricultural land ' i 0.2 2 77

12 Allotments, Cemeteries, etc. 7.2 3 40"

13 Managed grassland - 1.8 2 5

1 Developed land’ 0.3 0 1

15 Residential areas with gardens 1.3 3 20*

*No data available, Values derived from other similar types and
subjective opinion.

SOURCES

Vertical Structure of the Vegetation, after Elton, 1966

Species Diversity: GAIRLOCH, after McVean and Ratcliffe, 1962

¥



APPENDIX XI

RESULTS OF EVALUATION. OF HABITATS AND INTER=-AND
INTRA-HABITAT VARIABLES, ACCORDING TO TiEIR CONSERVATION VALUE

Evaluation was carried out by questionnaire to ten 'eminent!
British ecologists. Average values (maximum 8.0) and Standard

peviations are given in the tables below.

GAIRLOCH
Habitats Average of Standard
- Ecologists! Deviation
Values

1 Pinewood 7.0 4.25
2 Birchwood 5.7 4.48
3 Mixed Woodland 5.9 5.05
) Bracken 1.6 3.7
5 Calluna-lMolinia 2els k.52
6 Calluna - 3.9 T.13
7 Calluna-lolinia/Tricophorum-Eriophorum 3.0 5.48
8 ﬁroding Bog 1,0 6.90
9 . Unpatterned Bog " 4.0 6.90
10 Bog With distinct pools 4.0 | 6.6
11 Linear Patterned Bog 7.0 6.6
12 Calluna-Juniperus 6.6 4.0
13 Montane Heath 6.5 L7k
1) Deschampsia Grassland « 35 7.6
15 Rhacomitrium-Empetrum 5.5 4.9
16 Rhacomitrium-Empetrum with Nardus L.7 2.8
17 Coastal Grassland Tk L.11
18 Bare Ground * 2.8 645
19 Scree 3.8 5.6

Ratio

16.5
12.7
11.8

4.2

5.3

55
S
1.4
5.8
6.1
10.6
16.5
13.8
4.6
11,2
16.7
17.3
bl
6.8




GATRLOCH
——————

Habitats

20 Peat Cutting
21 Improved lend
Z2 Sand dunes

23 Viater Surface

Variables

21, Crags and cliffs

25 Areas over 307 bare ground
26 Boulder strewn areas

27 Coast length

28 Stream length

29 Voodland edge

30 Relative Relief .

31 Nunber of Water Bodies

32 Number of Habitats N

. J{ERSEYSIDE

Questionnaire to five 'eminent' ecologists:

Coniferous vwoodland
Deciduous woodland
Mixed woodland

Sand dunes

Salt marsh

Water bodies

N OO WM F oW N M

Heathland

BEREST  Devienien oo
Values
2,3 51 6.8
2.0 4.2 4.8
6.0 4.58 13.0
6.0 1.68 35.0
Ecologists’
Velues
5.7
3.1
4.0
6.0
5.5
7.0
L.l
6.0
6.0
maximum value = 50
Average of Standard Ratio
Ecolorists'! Deviation
Veluss
20 2.45 8.16
L3 3.03 .19
39 30 13,0
L1 5.0 8.2
31 3.6 11,8
42 3.08 13.6
A 5.38 7.6




Habitats

8 Unimproved mossland

9 Scrub

10 Rough grassland

- 11 Agricultural land

12 Allotments, Cemeteries, etc.,
13 Managed grassland

1) Developed land

15 Residential areas and large gardens

Variables

16 Hedge length
| 17 Ooast length
18 Stream length
-19 Woodland edge
20 Scrub edge
21 Number of water bodies

22 Number of Habitats

Average of Standard
Ecologists' Deviation
Values
42 3.0
36 2,64
28 3.03.
20 3.46
26 4.36
16 2.97
.9 0.89
23 4.15

Ecologgsts'

Values

Ratio

.0

13.6
9.2
6.3
6.0
5.38

10,1
5.5




APPENDIX XII QUESTIONNAIRES TO ECOLOGISTS

THE UNIVERSITY
OF ASTON
IN BRMINGHAM

Ceosta Groen, Biminghom 84 JET/ 161°020.309 3001 Ex - 22]

Department of Civil Engineering
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27 Novarber 1974

Doar

1 am working in conjunction with the Nature Conservancy in Edinburgh on
the developrent of a methodology for the rapid evaluation of habitats
according to their ‘conservation value'. Por this I am using acrial
photography of the Gairloch Conservation Unit,

I am interestad to know how an informed group of Ecologists, Biologists and

lotanlsts would rate independently the habitats and features on the enclosed
list, using the ratings as follows:=

Wi Very Hligh
I High
M Muclium
L Low

or a dusignation such as L-M.  ‘The ratings should be done rapidly, and

shouh_: be based o the '‘Conservation Value' of the habitats and featurcs on
the list in the cantext of Britain, and not of North West Scotland.

I realise the difficultics involved in doing this, mainly connectad with the
vast range of factors which should be considered.  llowever, this is the
only way of getting this kind of infonmation. If any use is nade of the
results, no reterence will be made to the nimes of ‘people filling in the
questicinaire. I should be extramely grateful if you would camplete the
(nelesea, ir.t s not intendod you should spend more than approximately 10-15,
ll:\_i!]utl..‘ﬁ n =

1Thanking you,

Youwrs sucercly




RATINGS 10E CONSTRVATION FVALUATION OF BRITISH 'UPLAND HABITATS

PINLVOOD Symbols:
BIRCHWOOD Vil Very High

| MIXED PINE/BIRCH H High
BRACKIN ' M Medium
CALLUNA/MOLINIA L low '
TRICOPHORUM/ERIOPHORUM (pattermed bog)

= / e (unpatterned bog)

|

|

| CALLUNA/JUNIPERUS

DESCHAMPSIA GRASSLAND

RHACOMITRIUM/EMPETRUM

" / " /NARDUS
BARE ROCK

SCREE

PEAT CUI'I'ING

IMPROVID LAND

BASE-RICH CRASSLAND (incl. hay meadows)

COASTAL GRASSLAND

SAND DUNLS

MONTANE 1FATII (often windswept; incl. Rhacom.,
Hopet., Vace., Nardus, Calluna,
Junlper)

COASTAL TYPLES (e.g. cliffs, stacks)

SPREAMS (length in km®)

EDGLS (length in k)

CRAGS

Areas i_nters;‘ersed with OVER 30%
PARE ROCK,

WATER SUIU’ACE (Area & Number in }:mz)

T

: )
RUIATIVE FFLIMF (in km®)

|

‘ .
i

b

VOULY) RSl AREAS
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THE UNIVERSITY
OF ASTON
IN BRMINGHAM

Gosta Green, Birmingham B4 7€T/Tel; 021.3593611 Ex 221

Department of Civil Engineering

Head of Deparntment

Profassor M Holimes Bhe b D8, o bog b HCE FESbool T IMunl
Professor ol Civil | nguicenng

K1Majd BSc, Ph), Clng 1ICE FSuuctt

March 1975

Dear

I am warking in conjunction with the Nature Conservancy in Edinburgh on
the development of a methodology for the rapid evaluation of habitats
accarding to their 'conservation value'. For this I am using aerial
photography of Merseyside and Gairloch, Wester Ross.

I am interested to know how an informed group of ‘Ecologists, Biologists

and Botanists would rate independently the habitats and features on the
enclosed list, using the ratings: 1 = very low to 10 = very high.

The ratings should be done rapidly, and should be based on the 'Conservation

Value' of the habitats and features on the list in the context of Britain,
and not of North West England.

I realise the difficulties involved in doing this, mainly connected with
the vast range of factars which should be considered. lowever, this is
the only way of @etting this kind of information. If any use is made of
the results, no reference will be made to the names of people filling in
the questionnaire. I should be extremely grateful if you would camplete

the enclosed. It is not intended you should spend more than approximately
10-15 minutes on it. '

Thanking you,

Yours sincerely



RATINGS FOR CONSERVATION EVALUATION OF BRITISH
IOWLAND HABITATS

CONIFEROUS WOODLAND

DECIDUOUS WOODLAND

MIXED WOODLAND

SAND DUNES

SALT MARSH

MUDFLATS

FRESHWATER MARSH

FRESHWATER PONDS AND LAKES

HEATHLAND

MOSSLAND (UNIMPROVED)

SCRUB (BIRCH, HAWTHORN, etc)

ROUGH GRASSLAND (incl. derelict and neglected sites
not in agricultural use)

AGRICULTURAL LAND (incl. arable, ley and permanent pasture)

ARABLE IAND

LEY PASTURE

PERMANENT PASTURE

| ALLOTMENTS, SMALL PARKS AND LANDSCAPED GARDENS

MANAGED CRASSLAND. (incl. sports pitches, golf courses,

park grassland, hospital & industrial
lawns, etc)

DRVELOPED LAND (incl. built land, building sites, tipping
sites and non-vegetated disturbed land)

HOUSE GARDENS (generally in older residential areas of
towns)

STREAMS

WOODIAND EDGE (incl. hedgerows)
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Fig 42:7
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ROCKS AND BOULDERS

GAIRLOCH RAREA DATA

Fig 42:12

|

SR
s —

. . L “"""'“Tl?“‘rr, =
' | ey L e Ly 'Ihlal'—i:
b byl 0 Wk ol 1 R S “hpeerbiegpirpppiatiy -
s e S ocse

.L.a 1.-.-.,41A *_ J--. i 'I,L-

saitiidadedy a.i-m mr

+
i o Al “.l‘-;
.,.J-—.J»—- u],... golag | m-‘u-w.r., Lot ..--1_4_.4,“; ik .J,JJ
O T UDNSS I (9415 S - i R e
i

|....-.._....-,-..1._........_~+..- -

o S T O S S S | -r*—H-fI : 111‘“:—\‘]*[‘5

et b= b L0 iy Rt ot o

by piodebop b ey b '1pn.;lli&ph-1-'l
1 I|'11r
4

R = TN TITITRR . e SR SRR 1l 'T

- *_.T_.._r---_-;_.? t4——r Hrogd . e 11 1
™ ‘!1'1' ,‘l—f—-r-a' l—rl._._; - 1..."‘_1;..“&-. - bkt ddp bty ‘—fl‘ 'i'

——

Nliew
,..l S \ua-l-.,u;Luu -]

.. N ] 4

1'1'1 v lul»H—i—{

I
1

i e s |
oae i BEMENTIINER blatd !
T s 1 o
e R amaiig
1l b i
et Iv*-r‘—! pipd iy
foirad L | S S8 SUR SHNES LSS S 0T

.i1~'j-;}«.»+

r“ T
th L
11! i R
I 1]
1 1
= =
(R |
o
o . } 4y T ealar
: EFTHH e PHHT4“
1-]!1“‘ D g
HH o F ]
] il I
|
|
HH -
{
Bl
K238 B :
2 51 8 I
. B 1L
T
N ]
I
AR\
q__'ﬂ_




CTTTTIT TITT : SEEERENEEEaEEEEE
] A A e e
R EEEEn ER:EEER 1
EREEE = =t T _
L] HHH H= H H i n
T F _
1] i _ H i
_ % gl i
_ | e 1] o oL ! _
{1 _ | n
= _ [ ”J....ﬂ__ + 8 = ]_
- =] 2 !
== s ped .
N | s +M1%h -+ 1]
T SE s, T
R i
= = ae W Y O X 1 ]

531008 ¥3L1UM 40 “ON blB0 B3¥Y HIOTYIHO
eL:cy by




lias

e Samasiiiias—
.H.h.mr ; HII [ “ .ml++
.....r l..rlp = .M .+|—T.. ' 111““..||._HI| ”M “
T = anumas = A EEE==
HH .H.H.HT. . == T 1 0 T TrE T
1= S N Ssssgman e ]
et — + e BE =R
¥ = F— T T L = :
= = e
.l.ﬂ f ﬁ.!lnn.l._.n.“ﬂwI'T T.qu“% — s T . _’T .
s

i
1l|llllll
1
| |
T
i
|
1
|
ESEE

1 HEt
T4 3 . (1] = _
Wuﬁ % H ..Hﬂj. HaH, I 1 u.HNMH“: w ._1|1r|_| 1
| um.x H.w-ﬁ. il TMM = maEm
1 Eg e T T e r S =] == _
=an=nu: =0uNs EE s e e B =g s w s A
1] O e | e el
B xw.wum. : = . Em== neE= HW
= 4 = ..|1I_| ==t 11”]. [ .Jl 1T
== sa=Mcz=—M=c==Msssuunnn
PASEE= i INEEaN o= ==
] ﬂﬂ.r.ﬁn T T = His o —— T =
] il B 1 e ||l- m *H Tm — - —— 4 ﬂ ._. I*M| m !v.u.li.lllnl. 1 rq
munssussnillline B = = - = HEHE

SJylIgyH 40 "ON J14gd H3y¥Y H201¥I49
Y7 Bl




Nt
T

“piryee

TR

i
f
M-

444
s
' i1
] il
|{.-.. -+

liis=illiss

i
|
v

=

1
T
!
]

’.— 4
.4l]+_
Tﬁ-ﬂr
|
Haall
|
|

-
H1
1
1
i
t
1
l
Ll

|
T T
. =

4
{hij T
T
4
1
of
by
oty |
i I
H-
B
&

T
js
A

i

!
i
ik
]

ﬁ—“'r
jmap
{ -+
& R o
.H_‘ 1 .|I.:
I
| HH
-—v--i e
{
|

ps

ot

ﬁ‘-'lr
a3 )
R
L

-
—p et
T
T
. S s 1R S 11
1 {
T
i
-

(ks
|'I*l
st

|

]
3 P el
i
RERLE U R e i |
4 L
] 1 ]

| S I i
I e
|
SesalNs:
I -

T T LD
H—‘ T ! T
1 j
T
an
e

fissill
!

11
]

-4 -

Il

)
!
|

1
H
1
1

i
[ -

I[lp—l-—
1}
1
:
,_1.
1
T
T

I

i
T

I
a8

I

[

=

H :
e
H
i
gects

!

I
i
1

i
+

I

i

1
;_;
+
x|
it
an
|

_H.No.wﬁ 43N0 "S8YH 40 “ON H1Hd H3¥Y HJ01YIY9
Gl:27 b4




1 1] ! | == = —
T e g T B
I o el : n o i 0 = -i_w,:TWmi_[ H - |- HEHH ;
e S A T
Iu.Hh_- + _— : BE . ._— 3 R
. TR =h

L+_
T
!
1
|
R
L
L
S 55 5 0
T
1

1.
1

THH
mete
%
r—{—

1
I
]
|
]

i

A B D S5 2 _ BE= / [T = =nN H T B=BH
= A 1A | i . ] HHE= = 5 =5 i i BE
R H==
ne - ..|ml ,m - Hl.lm “ ! a8 M “ |T
L 1 _ 1T : ]

it”
|
L
1
1
T
{ﬁ

2EacE _
di:E .

-
t
us

|
il
1
|
1
1
|
]
I

+
I
+
e
1
Li 4
I

+

ITEE il
TR

I

=5

]

L

(|18

]
i
|
i
|
L
11
o

I

1
0t
sl

+
ianes
%

il
I
H

I
|

T
I

70702 ¥Y3A0 "SEYH 40 "ON H150 8384 HI0 Y19
| g7 b4

—

e — e ———— e



S1BlTd8H 3NgA HIIH

e Lk LTl L1 [ =
1 . i - TH — Ll.
Ll Tt RN | HH s B
CO T T HH L1 B HHH M [ A
TR HHH R | T NEEH
NN O O = = I I 2 2 T ! H H1 H
I I N O O T |
e | ! e B e G e S S = ) 2 ERRE
o LT HHH | seapIMMGasans: | _H _
s B R T [ 1 —HH
o _ i e _ ! I TA .|l.q7 i- .ﬂ.rwl_ T _ * 1
e R I B e I S R Y A_—._..‘H“__ .:ﬁ.__ Ve = - = S _ ﬁ.ﬁ
I s 8 [ L ;_.“..1 _.ﬂ,_ﬂ_ﬂ.*-f_r...__.ﬂ..:_ I | [ 11 B
! HHH HH A LT Lkt | R
e 190 6 O - reH G
i o B e R T i == 20 I I
; I 5 e A I I O = 25
) o __ ! ==l anaas
NN I e e 1 =
e =8 -+ b Hee 1 HH
m ] FH . = [ HH—H FH | ]
i N O = e LT [ [

gigd Y38y H301Y¥IH9
Ly bid




0 £ R G O @ S o AR 30 SEOTHE T
IS S R S _._ IR E A L TR R _..._...—
Fosrrad o | b kb ..,—:_ P i, .“... .u + 4
s 5 e i O ' | +4 ¢ . q_— t poacht pboeg b 4 -
g e e iy ‘o ) e Bl LT ol B
44 e B B s 4y 47 AT bl )
s SRS PERABE PN A 04 i it diidd I Fl4b
ms T LT AT o S I L) R R
e i i S R ey Aedhs ! i 3
e =slesrans i il R 1]
el e L5 . : 8 3 | }- o i
r I = T+ =4 4 4M nn. = L H
SR EE . |8 b4 44 = -4 1 +4
it t Tﬁl_ WH: T 1 -+ ._.v.
i EHE U, SRR
s e - BT
- ..r_lwu S EEee
I 4 =
a8 SENEE 2N T..H_H
1 ~.1LH D W1
T 1 -
A i A
-

s o o iy v W W T

S1dlI8BH S. 1519071033 gled BJdd maHmﬁwwm_m




1
iy

il

11
11
- 1 1
n e 1
1 = =i ==
Lﬂum%. _ =5 Mﬂwu ma=—i
I.ﬂ_ ....!,n .mh M rm. =
: = == S
: == =
== S

i

11]

ey

I 5 8 |

L K i L 1

= imin
1 i | E @R
.F i I.Hli.
=anss s

1
i

Il

ey

R

W T
T
I ! W
I8

Ji
r §

HH

S3NTYA S.1519071023 H1Y0 8344 30I1SA3SYIN
Z2:€% b4




-

%

VERTICAL STRATA

ER DATAH

MERSEYSIDE HK

Fig 43:3

(gumnmEm
]T""J”"“"_"m
BwapniEseseeine
590 1 . o B 0 2

=
311
T
I

|v-—-‘¢-{4|11||||]|—
-v-l—lhl.—l *
r 00
1—-—---61 --L IH-IH

'I |.|..~4 -| ;- s

H---q.i _[4_.4 .—- LA,_Jyao..l,.I.
H ILIT“‘ T

—+1+ ||||




TR

R e

D

Lt
1
|

[
H

2]
i

+

i

BT
Hanes

1
a4
LR

Saas Bl
T
LA

ALTIIHEIS: THI0T bigd B384 J0ISAISHINW
7:€% 64




Fig 43°5
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COMPUTER DRAWN

GRAPHS
GAIRLOCH, FIGURE 44,1-6
MERSEYSIDE , FIGURE 45,1-5
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Fig .44:6
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