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SUMMARY

Background

The mounting pressure of industrial developments on the Scottish coast
in the early and mid-seventies, e.g., the building of the Nigg Bay
graving dock and the Dunnet - Public¢ Enquiry, along with increased
recreational use, highlighted the lack of information about a series
of important coastal habitats. In general, it was the low-1lying, soft
coast composed of sand, shingle or mud that was most affected by these
changes. Since that time some threats have diminished and new ones
have emerged, e.g. the EEC funded Western Isles Integrated Development
Programme, and conservation of the Scottish coast is likely to be a
continuing problem.

In order to obtain more information about what were thought to be the
most scientifically important or vulnerable areas, the Nature
Conservancy Council in 1975 commissioned the Institute of Terrestrial
Ecology to conduct a survey of selected sites on the Scottish Coast.
The objectives of the survey were:

i) To determine the nature and extent of the main habitat

divisions and ‘the composition of the vegetation within each of
the areas specified by NCC.

ii) To carry out the above investigation in a way that would allow
objective comparisons to be made between individual sites.

iii) To determine the presence of rare or localized vegetation
types and plant species within each specified site.

iv) To assess subjectively the extent to which sites are currently
being affected by human activities of various kinds.

The method of survey was specifically designed by ITE to meet these
objectives and can conveniently be divided into two parts;

a) the quadrat survey, and
b) the supplementary survey.

The quadrat survey involved the recording of data (plants, habitats,
environment, s0il and human activities) from a series of
representative areas at each site. However, because this type of
extensive survey inevitably has a rather low sampling intensity, 1i.e.
about 0.3% in most sites but up to 3.8% in some smaller ones, it was
appreciated this might not adequately serve objective iii), viz. the
detection of rare phenocmena. In consequence, the supplementary survey
was added to meet this specific requirement. A coastal specialist (Dr
D S Ranwell) aimed personally to visit all sites in order to locate
rare habitats and plants that might not be recorded in the Qquadrat
survey. The results of the supplementary survey are presented in full
in the Site Dossiers where they take the form of general site
descriptions (Section 2) and as records and annotations in the section
on species of interest (Section 5.1.4). Information from the
supplementary survey was also used in the preparation of the maps of
vascular plant distributions given in Appendix 3. Other information on
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specific topies such as field methods, bryophytes, 1lichens and
specifications for the data bank produced by the survey have been
prepared as separately bound appendices to the Main Report. A list of
appendices and their contents appears in Section 1 of the this report.

Main Report

The Main Report is exclusively concerned with the data obtained in the
quadrat survey and the various analyses and interpretations developed
therefrom. .

Sections 1 and 2

The early part of the report describes the background to the project,
1.e. the needs of NCC and how these were taken into aceount in the
design and conduct of the survey. Because of its specific requirement
for information on sites, it was the responsibility of NCC to select
the areas to be surveyed. This was done in consultation with Regional
Staff, who also assisted in the definition of the site boundaries.
Over 100 sites were originally considered but this number was reduced
to 94 when it was found that some had already been virtually destroyed
by human activities, e.g. all sites on the Ayrshire coast. The
distribution of the sites actually surveyed is shown in Figure 1 and
the names are given in Table 1.
AL

Section 3
L 2als) ‘

This section describes the organization of the project. The field
survey phase was spread over three years, from 1975 to 1977. A
detailed Handbook of Field Methods (Appendix 2) was prepared at  the
beginning of the project and improved with increasing experience. At
the start of each field season, a training course for prospective
survey team leaders was held. Tralnees who did not achieve the
necessary standards of proficiency were rejected. All team leaders
were recruited from ITE permanent staff, with the exception of one
scientist from NERC Headquarters in 1977. Also, one post-graduate
student, after considerable experience as an assistant, was used
briefly in the role of a leader. Casual labour was only employed at
field assistant level. By these means a high standard of data
collection was maintained.

Section U

The development of the survey method is described in this section,
where the various sampling techniques employed are ceritically
examined. The field trial of the survey methods at Gullane in May 1975
involved a complex stratified sampling technique but this was quickly
replaced by a much simpler system that was used for the rest of 1975.
" At the end of the first year, the method of stratification was shown
to have conferred no advantage, indeed, in a few cases it was mildly
prejudicial. In consequence, stratified sampling was abandoned in
favour of a restricted random sample which was used for the rest of
the survey (1976 and 1977). This change is of 1little immediate
significance to the results of the survey but has some implications if
additicnal sampling is envisaged.
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An important feature of the organization of the.project was that all
team leaders were given carefully defined responsibilities for their
participation in the work. For example, each team leader had to submit
a comprehensive hertarium, both to show that they could identify the
common species correctly and also to enable the identity of more
difficult material to be checked. The extensive herbarium thus
produced is maintained at ITE's Bangor Research Station and is
available for consultation. As an additional control of data quality,
each team leader was held responsible for checking the transcription
of his or her data from field sheets to machine readable form.

Section S

This section deals with the difficulties encountered in the survey and
the limitations that must be placed on the data obtained. Such matters
as the cheice of sites, their precise boundaries and the influence
these decisions had on the outcome of the survey are discussed. The
effect of seasonal changes over an extended field season (May .to

September), sampling intensity and the reliability of the cover data
also come under close scrutiny.

Section 6

Finally, in what may be described as the pre-amble to the Main Report,
the aims and methods of analyses are discussed in some detail. The
interpretation of the numercus data collected in the survey
essentially rests on the ability to erect successful classifications
for both vegetation and site types. Initially, great difficulties were
encountered in the production of a vegetation classification using the
currently available methods. An early attempt at a vegetation
classification was devised and tested at the Field Course for NCC
Staff held at Dunnet in 1978. This classification proved to have a
number of unsatisfactory Cfeatures, the most important being
unreliability of the dichotomous key by which it could be generalized,
i.e. identification of vegetation types in the field using the key was
subject to errors. Subsequent work lead to a satisfactory solution of
this problem, resulting in a sensitive and ecologically sound
vegetation classification and a completely accurate key (see Section
7). Key accuracy was achieved by a re-allocation procedure and it
should be noted that the resultant key has mnultiple paths, i.e. a
given vegetation type may be identified by more than one route
throughout the key. The parts of a vegetation type that are isolated
by different routes in the key have been termed "forms". In some
cases, a form i3 equivalent to what is often called a "facie".

In general, the site classification presented fewer problems than that
for the vegetation. Two apparently contrasting approaches to site
classification were considered on theoretical grounds. Both were tried
and found to produce essentially the same result. However, one of the
analyses, that based on species frequency, showed a more clear-cut
geographical distribution of sites in those site types in which
within-type variation was least - in this case, Site Types 1 and 2
which mostly occur in the QOuter Hebrides. This solution was chosen and
is reported on at some length in Section 8.

Section T

Section 7 marks the beginning of the ‘'results" of the survey. It
includes description and ecological interpretation of the vegetation
classification. This classification, which is based on 3,847 quadrats
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from the 94 sites, identifies 28 vegetation types, not including bare
“ground (166 quadrats) and unclassifiable quadrats {only four in
number). The vegetation types have been grouped into seven distinect
families which can be further amalgamated into three "orders" - to use
the taxonomic analogy. Each vegetation type has been given a
descriptive name with both short and long versions (the latter listing
the main dominant vascular plants). They may also be referred to by a
letter/number mnemonic based on the family name. The arrangement of
crders, families and types is as follows:

'‘Order' 1 - Non-maritime vegetation types with four families.

Family i) - Colonist, with one vegetation type (C), 217 out of
3,847 quadrats or 5.6%.
Family ii) - Duneland, with six vegetation types (D1-D6), 1,993
quadrats or 51.8%.
Family iii) - Grassland with seven vegetation types (G1-G6), 961
quadrats or 25.0%.
Family iv) - Peatland with three types (Pi-P3), 155 quadrats or

4.,0%.
'Order} 2 - Types influenced by freshwater with one family.

Family i) - Marshland, with four vegetation type (M1-M4), 134
quadrats or 3.5%.

'Order' 3 - Maritime vegetation types with two families.
Family i) - Saltmarsh, with five vegetation types (S1-55), 180
- quadrats or 4.7%.

1 Family ii) - Foredune, with two vegetation types (Fi-F2), 37
y quadrats or 1.0%.

In addition to these "true" vegetation types, a Bare ground (B)

category, i.e. no vascular plants present, comprises 166 quadrats or

4.3%. The four unclassifiable quadrats (see above) have been given the
mnemonic "U".

Non-maritime vegetation types account for the majority of quadrats
(86.5%) recorded in the survey. Even within this order, Duneland
vegetation types are by far the commonest, with over half the quadrats
(51.8%). One member of the Duneland family, base-rich dune grassland
D1, accounts for 28.6% of the total population.

The first and most obvious feature to be noted about the vegetation
types 1is that most of them have a characteristic geographical
distribution, e.g. base-rich dune grassland D1 in the west and north
and slightly acid dune grassland D2 in the east. The Duneland type DY
and the Grassland types G1 and G2, in the north and west, and the
Grassland types G3 and G4, in the east, follow a similar geographical
distribution. Other vegetation types are more widespread and this can
usually be explained in terms of a particular environmental factor
which tends to dominate the more general, geographically linked
factors such as c¢limate, sand type and land-use. For example,
colinizing communities C and semi-stable dune grassland D3 are related
to instability of the substrate simply because this factor tends to
dominate the conditions for plant growth wherever it occurs. As far as
these two vegetation types are concerned, it seems to matter 1little
whether the substrate contains free calcium carbonate or not (shell
sand) or whether the climate is oceanic or continental. Similarly, the
members of the Saltmarsh family tend to be widespread because the
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influence of saltwater inundation dominates all other environmental
factors. Some widespread vegetation types .are, dependent on more
specialized habitats such as those found in the vicinity of streams
and freshwater bodies, e.g. wet, slightly acid dune grassland DS.

The main aim in the interpretation of the vegetation types is to
identify the dynamic¢ relationships or environmental ¢trends that
underly the c¢lassification. There are diagrams showing the putative
relationships of the vegetation types contained within each 'Order'
(Figure 3, 4 and 5). In some cases there is good evidence, from a wide
range of data, for the suggested relationship between vegetation
types, whilst it is more tenuous in others. However, it should be
emphasized that the relationships, even the strong, well supported
ones, are strictly hypothetical and need to verified experimentally.
Many of the relationships and their underlying causes are, houwever,
sufficiently well established to form the basis of a coherent
conservation policy or to develop practical management procedures
which have a high probability of success. Some relationships are the
result of the well-known successional trends in sand dune systems,
i.e. increased stabilization of sand and pedogenic processes (see
Figure 3), whilast others are the direct result of underlying
environmental trends, e.g. height in relation to tidal range and
substrate type in saltmarshes (see Figure 5).

Description of the vegetation types follows a common pattern, starting
with their derivation in the key and the consequent possibility of
different "forms" within the type, i.e. where there are multiple
outlets in the key. The most common species recorded in the type are
then listed, followed by a discussion of the relatlionship with other
vegetation types. This latter section is usually supported by tables
of preferential species (i.e. species which show a frequency ratio of
at least 2 to 1 for the comparison being made and with a minimum
frequency of 20% in the type to which they are termed "preferential")
to enable a floristic¢ comparison to be made between the types
concerned. There then follows a series of paragraphs dealing with
cover and dominants, soil types, the influence of human activities and
land-use, the occurrence of specialized habitats, topographical
features and, finally, the geographical distribution of the vegetation
type. A map showing the distribution of the type and a table 1listing
the sites in which it occurs is included with each description. Some
vegetation types are characterized by having a high probability of
containing rare- or sensitive species, e.g. damp, base-rich dune
grassland D4 or slightly acid, damp grassland G1. Attention is drawn
to such features where they are known. Further discussion of
relationships or underlying causes may be presented at the end of the
type descriptlon if it is an interesting or important type.

At the end of Section T there are a series of two-way tables showing
the species composition and cover relationships of the different
vegetation types. The arrangement of these tables is based on an
ordination of vegetation types (order across the top of the table) and
a classification of species (order down the side), the object being to
obtain the best possible blocking of entries in the body of the table,
i.e. analogous to traditional phytosociological tables.

Section 7 is completed by a set of instructions for the wuse of the
dichotomous key for the identification of the vegetation types.
Because of size limitations on the Main Report, the key itself 1is

‘bound in a separate cover. This is also convenient for field use.

Again, it should be noted that this is a mpulti-path key, i.e. a given
vegetation type may be derived by one or more pathways through the
key. In practice the number of pathways varies from 1 to 13. There are
a total of 105 steps in the key with between 5 and 10 indicator
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species defining each step. The number of steps that have to be
negotiated before reaching the appropriate vegetation type varies from
2 to 10, It should be emphasized that, unlike most keys of this kind,
the vegetation type key presented here is completely free from
misclassification. Providing the population definition is properly
observed, i.e. it should only be applied to samples recorded on soft
coast in Scotland, its use for the allocation of new samples to the
established framework should be error free.

Section 8

Section 8 of the report deals with the site classification, starting
with the derivation of the site classification which defines 14 site
Lypes. Each site type has been given a name based primarily on its
geographical distribution but also on the the habitats it contains.
Sometimes this latter part of the name refers to the dominant habitat,
e.g. ST1 - West Coast Hebridean, Machair type, or it may refer to the
presence of a characteristic¢c habitat, even though this may occupy
quite a small proportion of the site, e.g. ST7 - North-west Coast, bog
type. As i1s already obvious from the previous sentence, the types may
also be referred to by a mnemonic {ST1-ST14). The following is a 1list
of the names and mnemonics, showing the number (in brackets) of sites
allocated to each type.

ST1 - West Coast, Hebridean, Machair type (13 sites)
ST2 - West Coast, Hebridean, dune type (20 sites)

ST3 - North and West Coast, truncated type (7 sites)
ST4 - Northern Isles type (5 sites)

STS5 - North and West Coast, acid heath type (7 sites)
ST6 - North Coast, bayhead, well drained type (2 sites)
STT - North-west Coast, bog type (3 sites)

ST8 - North-west Coast, montane type (2 sites)

ST9 - East Coast, main type (14 sites)

ST10 - West Coast, acid, dwarf shrud type (7 sites)
ST11 - Hebridean Saltmarsh type (1 site) .

ST12 - East Coast, truncated type (6 sites) -

ST13 - East Coast, Firth type (6 sites)

ST14 East Coast, estuarine shingle type (1 site)

1

Unlike the vegetation classification, no attempt has been made to
arrange the various site types into higher orders or families.
Nevertheless, there is an inherent structure to the site
classification and this is 1largely manifest through a marked
geographical distribution of types, i.e. site types ST1-ST8, ST10 and
ST11 have a predominantly western or northern distribution, whilst ST9
and ST12-ST14 are eastern. The geographical basis of site types 1is
evident from the first division 1in the site classification, 1i.e.
ST1-5T8 are separated from 3T9-ST14. The two exceptions to the western
and northern versus eastern split, STI10 and ST11, can Dboth be
explained by the presence of exceptional habitats; peat bog in the
case of ST10 and saltmarsh in the case of ST11. It is these features
that initially cause ST10 and ST11 to be segregated with the eastern
types. Several other divisions in the site classification also have
strong geographical affinitieas. The net result is that five site
types, with a total of 53 sites {(56%), can be described as having a
discrete geographical distribution - ST1 (13 sites), ST2 (20 sites),
ST4 (5 sites), ST9 (9 sites) and ST13 (6 sites). Three site types have
widespread geographical distributions, ST3 (7 sites), ST5 (7 sites)
and ST10 (7 sites), glving a total of 21 sites or 22§ of the
population., For each of these widespread site types there is a logical
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explanation as to why geographically independent factors have had a
dominant role in their classification. For example, ST3 is
characterized by instability and truncation (limited extent of the
site in a landward direction) and the peaty element in ST10 is the
result of the type of landform on which these sites have developed.
The remaining six site types all have less than five sites in them, so
it is difficult to be certain about their geographical affinities, but
the likelihood is that they are also discrete., The geographical basis
of the site c¢lassification has important implications for conservation
because it means that localized pressures, e.g. further development of
the east coast estuaries, could virtually destroy a given type.

For scme site types there is evidence of parallel western and northern
as opposed to eastern development. The best example of this feature is
observed for sites that are either truncated or, for some other
reason, a high proportion of the site has remained unstable. The site
types involved are ST3 - North and West Coast, truncated type (7
sites), which contains the northern and western representitives, and
ST12 - East Coast, truncated type (6 sites), which contains the
eastern equivalents. The common factor for these types is the presence
of a significant proportion of unstable or semi-stable vegetation
types, e.g. B, C and D3. As already noted, these are wlidespread
vegetation types which seem to be determined by substrate instability
rather than more general factors such as c¢limate and chemical
composition of the sand.

The next part of Section 8 deals with methods and types of data that
were employed to interpret the site classification and identify its

underlying causes. The main problem in this type of investigation is
the confounding of factors. Survey data are rarely like those produced

by designed experiments because there are no proper controls and the
factors cannot be varied orthogonally in order to measure their
effects. Even simple comparisons between classes may be weakened by
their being different numbers of observations, e.g. ST!1 with 20 sites
as compared with ST11 and ST14 with one site each. In surveys, the
various observable factors, e.g. climate, soil and even land-use, are
often highly correlated but this does not mean that they are
necessarily causally related. As a result, the range of combinations
available for study may be strictly limited. In the case of the
Coastal Survey, climate, sand type (i.e. the proportion of free
calcium carbonate in the form of shell fragments) and land-use are
thought to be the most important factors. The problem is that all
three factors are highly correlated. The west and north of Scotland is
dominated by an oceanic¢ climatic regime, whilst in the east, the
climate is more continental (dry and cold). Unfortunately, sand type
follows roughly the same distribution, with shell rich sand is the
west and north and siliceous sands in the east. There are a few
localized exceptions and these provide the only evidence enabling the
relative importance of these two factors to be inferred. The somewhat
tenuous conclusion is that c¢limate and sand type are of roughly equal
importance in determining the structure of the site classification but
that, independent of topographic factors, the latter may be dominant.
Similar problems exist in the case of land-use, with the traditional
crofting system in the west and north being a rather different from
the more modern agricultural regime in the east where there is also a
forestry influence. The same sort of western and northern, as opposed
to eastern, pattern also exists for public pressure. In general, it is
easy to observe the distribution of the various factors but it is more
difficult to determine their real effect on the status of sites in the
site classification.
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Section 8.3 describes the overall characteristics of the site
classification in terms of geographical distribution, indicator and
preferential species, vegetation types, site boundaries, landforms,
climate, land-use and soil types.

The main part of Section 8 is taken up by site type descriptions for
the 14 site types. These descriptions adopt roughly the same pattern
as those for the vegetation types but are slightly more formalized
through the use of a standard series of headings. Much emphasis is
placed on comparing and contrasting wvarious features of the site
types, such as the relative amounts of the vegetation type, species
frequency, cover, landforms, soil types, boundaries and land-use. A&
wap showing the distribution of sites is included with each type
desceription.

Section 8 is completed by a set of instructions for the use of the
site key which is followed by the key itself. The site key is much
simpler than that for the vegetation types, consisting of 13 steps
with 10 indicators per step. Each step is paired with a sheet of maps

showing the geographical distribution of sites involved in that
division.

Section §

Despite the fact that it was excluded from the original contract
specification for the Scottish Coastal Survey, a good deal of soil
information was obtained in the course of the survey. In order to use
these data properly it was found necessary to construct a simple
classification of soil types. Section 9 of the report describes how
ﬁﬁis was done and gives outline descriptions for the 33 so0il types
thus defined. As with the vegetation classification, it was found to
be useful to amalgamate the soil types into series {analogous to the
vegetation type families). These were five in number, with names and
mnemonics as follows:

Series 1 - Deep Sandy Soil with eight types (DS1-DS8)
Series 2 - Peaty Soils with five types (PS1-PS5)

Series 3 - Sandy Cobble Soils with seven types (CS1-CST)
Series 4 - Thin Socils with ten types (TS1-7510)

Series 5 - Beach Deposits with three types (BD1-BD3)

Within each series the types are numbered, as near as possible, in
developmental order, i.e. usually according to the state of maturity
of the s0il profile. Thus, in the Deep Sandy Soil series, D51, DS2 and
DS3 are virtually pure mineral sands with no profille development and
DS6, DS7 and DS8 are more mature types with a substantial proportion
of humus incorporated in the profile to a depth of UL0cm or more. DS4
and DS5 are intermediate. The same principle applies to the other
series, except that the Thin Soil series is largely ordered according
to depth, 1.e. TS1 is the deepest and TS9 and T3S10, the shallowest. As
might be expected, the Deep Sandy So¢ils series are npumerically
dominant, occupying no less than 73% of the quadrats recorded.

Both the descriptions of the vegetation and site types (Sections T and
8} contain numerous references to the soil classification.
Considerable interest lies in the degree of correlation between the
vegetation and soil types. Thus, Table 6, at the end of Section 9,
summarizes the extent to which the vegetation types and soil types are
associated, using Fisher's Exact Test to attach significance levels to
the observed values of coincidence between vegetation and soil. Some
vegetation types are limited to quite a narrow range of soil types and
there are a number of highly significant correlations, e.g. base-rich
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dune grassland D1 with soil types DS5, DS6 and DST which together
account for 89.2% of quadrats allocated to this vegetation type.

Sections 10 and 11

Finally, the last two sections of the Main Report are devoted to
acknowledgements and a list of references.
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1 INTRODUCTION

1.1 Background

Sand dune systems along with associated sand and shingle spits, and
saltmarshes, are currently more affected by man's activities than most
other terrestrial ecosystems. For millennia, man has made use of sand
dune areas; witness the Mesolithic shell middens. Subsequently, since
the Neolithic agricultural revolution, he has grazed his animals
there. In more recent times, on dune systems where there are no common
rights, agriculture has encroached close to the shore., In some cases,
rough grazing has continued, but, where arable crops are grown, the
changes to the flora and topography have sometimes been catastrophic,
e.g. the Bornish Blowout (Seaton, 1968). 0On the west coast of

Scotland, the crofting system of agriculture involves both grazing and
arable use of the sand dune system.

Near centres of population, mainly in the south of Scotland, the sand
dunes have been used for recreation, especially the conatruction of
golf courses, e.g. Turnberry, and 3t Andrews. Recently, with increased
mobility of human populations, the recreational pressures have spread
to even the most remote places., The discovery of oil and gas in the
North Sea has led to coastal areas being affected by industrial
developments. The coast provided sites for o0il platform fabrication
yards in the early stages of the North Sea oil boom. More recently,
suitable places for the landfall of undersea pipelines and the
associated treatment works, which need to be close to where the
pipeline reaches the shore, have been much in demand. Some of these
industrial developments are on a massive scale, e.g. Nigg fabrication
yard which has one of the largest graving docks in Europe, and
irrevocably alter the terrain, destroying wildlife interests in the
process.,

The ease of extraction of coastal sands and gravels has resulted in
their use for building and agricultural purposes. With the advent of
large scale industrial developments, what was a minor disturbance may
now result in severe damage to or destruction of a dune system.
Although the extraction of suitable sand and gravel deposits of
glacial origin from further inland will cause local disturbance, the
long term effects are likely to be less detrimental than on the coast.
Besides affecting the wildlife, loss of sand from the coastal fringe
may result in reduced agricultural production, and problems with
coastal erosion in the short and long term.

The Nature Conservancy, and its successor the Nature Conservancy
Council (NCC), faced with these changes and developments, found
themselves often with very little information on the sites under
pressure. Therefore, they decided to commission a survey of coastal
sites to enable them to carry out their charter functions, The
objectives of this survey were as follows:-

(i) To determine the nature and extent of the main habitat
divisions, and the composition of the vegetation within each
of the areas specified by NCC.



(ii) To carry out the above investigations in a way which will

allow objective comparisons to be made between individual
sites.

(iii) To determine the presence of rare or localized- vegetation
types and plant species within each specified site.

(iv) To assess subjectively the extent to which each site 1is
currently being affected by human activities of various
kinds.

To attain these objectives, a detailed programme of field work was
devised to collect information on the flora, limited features of the
fauna, and various environmental parameters, The details of this
programme are described in Section 4, with an indication of how the
project evolved in the light of experience during the first field

season.
At the beginning of the project, in early 1975, it was suggested the
results could be presented as three main end-products.

(1) A field handbook describing the methods used.

(ii) Instruction for NCC staff in the appraisal of sites by the
method adopted in this survey.

{1ii) Results of the survey as they relate to both individual sites

g, and comparisons between sites, These will include the
Y following :-
- {(2) Summaries of information for each individual site,

ineluding species lists of vascular - plants, bryophytes
and lichens, together with estimates of the frequency and
cover. The proportions of major habitat types on each
site will be determined and, where possible, maps will be
provided to indicate their within-site distribution.

(b) Analysis and description of the variation between sites
in terms of floristics and main habitat types.

{c) Subjective assessment of the extent to which each site is
~currently being affected by human activities of various
kinds. :

The above headings, both objectives and end-products, are taken from
Apperndix A to the contract (an outline project plan) prepared in
summer 1975.

As the project evolved and contacts were made with NCC staff, thoughts
on the presentation of the work also developed. With an extensive
quadrat survey, in which the average sampling intensity was less than
1%, the detail provided could only be slight and largely unsuited to
mapping of vegetation types or habitat types (requirement (iii) (a)
above), unless the site happened to be remarkably uniform - a
characteristic for which sand dunes are not noted. Thus, the
production of detailed maps showing the distribution of these features
will not be possible with the amount of information available,

'-F-.-q-'-r-.-.-q-,-.-.
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The

(2)

(3)

3
final submissions to NCC will be as follows.

The Main Report which covers the whole project; aims, methods,
analysis and results. Particular emphasis is placed on a
classification of vegetation types and its interpretation (Section
7) and on a similar classification of site types; the geographical
distribution of the types and between-site comparisons ({Section
8).

Ninety-four Site Dossiers comprising essentially (iii}(a) and (c)
of the end-products ocutlined above. :

A series of appendices to the Main Report.

(i) Appendix 1 - Vegetation Types and Key.

This appendix was to have contained detailed deseriptions of
the vegetation types as defined from the field survey data,
along with the dichotomous key for their identification.
However, this report has been abandoned for the present,
partly through lack of demand, but alse because a more
comprehensive account of the vegetation types than was
originally envisaged is presented in the Main Report. 1In
practice, Appendix 1 would have contained roughly the same
text as Section 7 in the Main Report but this would have been
supplemented by all the tables, maps and diagrams that were
used in the interpretation of the vegetation types. The
original thinking behind Appendix 1 was to provide more detail
than could be presented within the confines of the Main Report
and, being under one cover along with the key, it would also
have served as a field guide. If there is sufficient interest
in NCC, Appendix 1 could still be produced at some later date
- without a great deal of effort.

(ii) Appendix 2 - Handbook of Field Methods.
This handbook is a comprehensive instruction manual covering
all activities involved in the quadrat survey, from sampling
methods and map preparation, to details of procedures used in
the field. It includes a section on how the survey can be
extended tc record additional quadrats on existing sites or to
cover entirely new sites.

A course for NCC staff was run at Dunnet and Strathy (survey sites 62
and 53) on the north coast of Scotland in June and July 1978. The
participants were instructed in the methods used to collect the field
data and were then shown how additional quadrats and sites could be
identified using preliminary versions of the vegetation and site keys.

{iii) Appendix 3 - Species Distribution Maps for Vascular Plants.

A series of maps showing the distribution of wvascular plant
species (in alphabetical order) in the 94 sites covered by the
survey in such a way that they can be compared with published
information. A foreword to the maps gives details on 3species
identification and 1lists the taxonomic. authorities wused.
Symbols on the maps and accompanying tables of site names give
information on the source of the records. These  maps and
tables provide a useful cross referencing system with the Site
Dossiers. Because of the sheer bulk of this appendix, the maps
and accompanying tables have been transferred to microfiche.

(iv) Appendix 4 - Species Distribution Maps for Bryophytes.
This appendix takes exactly the same form as Appendix 3 but
deals with the bryophytes recorded in the Scottish Coastal



Survey.

(v) Appendix 5 - Species Distribution Maps for Lichens.
This appendix is equivalent to Appendices 3 and 4% but is for
lichens. :

(vi) Appendix 6 - Bryophytes in the Scottish Coastal Survey.

This is a separate account of the bryophytes recorded in the
survey. It comprises sections on methods, the distribution of
species, a classification of bryophyte assemblages, a
comparison between the  bryophyte and vascular plant
classifications and an account of bryophytes in relation to
the site classification, It is supplemented by a series of
waps and tables similar to those that would have appeared in
Appendix 1 had it been produced. Indeed, Appendix 6 can be
used to assess the usefulness of producing Appendix 1 in its
full form.

(vii} Appendix 7 - Lichen Flora of Scottish Coastal Sites.
A report on the lichens identified from the Scottish Coastal
Survey. There is also a supplement (under a separate cover)
which was prepared as further identifications became
available,

{viii) Appendix 8 - Data Specification.

' A precise description of all the data obtained in the Scottish
Coastal Survey and subsequently translated into machine
readable form, their coding, the logical structure of the data

ar. - bank and how and where it is held.

e
ey

1.2 Use of Findings to NCC
1.2.1 Conservation.

The development of an effective and readily defensible conservation
policy for the soft coast of Scotland requires a good basis of
information on the amount of resource involved, 1its range of
ecological variation and its geographical distribution. Although some
information about individual sites already exists, it is very

difficult, or impossible, to use it to provide the type of conspectus
that is needed to to make decisions at this strategic 1level. The

ultimate aim must be the production of a coherent rationale allied. to
a list of sites, in some sort of order of priority, which NCC will
then attempt to conserve by cne or other of the various means open to
them. The means of conservation include declaration as a National
Nature Reserve (NNR), notification as a Site of Special Scientific
Interest (SSS1} or other 1less formal measures, depending on the
priority, pressures and the possibilities that exist.

The main aim of the Scottish Coastal Survey was to meet this need for
a widescale survey of the cocast. Whereas the decision on an overall
policy for the conservation of the coast of Scotland 1is 1largely the
responsibility of Territorial Headquarters, the details of how this
policy is to be implemented must obviously lie at a Regional level. In
order to do their work, Regional Staff must know their own sites in
more detail as well as understanding how they relate to the total
range of sites. Again, the type of information produced by the
Secottish Coastal Survey should contain sufficient detail to satisfy
most of these needs. ‘
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At a still lower strategic level, Regional Staff (mainly Assistant
Regional Officers (ARO) and Wardens) are responsible for site
management - using the term "management" in its broadest meaning. The
type of activity referred to here 1is direct management of NNR's,
advice to landowners and the deflection of pressures from important or
vulnerable parts of individual sites. At this level, the information
provided by the Scottish Coastal Survey is perhaps ‘less useful,
although the overall picture is still highly relevant. This 1is the
point where NCC staff may need to supplement the existing information
for themselves by extending the sample obtained in the original survey
and possibly incorporating new types of information as required. The
original survey having set up the framework, a great deal of
flexibility is now possible. The only data that must be recorded in
order to provide a link with the existing body of information 1is the
flora, i.e. a list of vascular plants for the 25 sq m quadrat.

1.2.2 Development of Site Evaluations

The type of informaticon obtained by the Scottish Coastal Survey is in
no way a substitute for site evaluation. Only a small part of the
supplementary survey, e.g. the effects of human activities, borders on
evaluation and is to some extent based on subjective judgement. The
main effort of this survey has been to obtain a uniform body of
cbjective, reproducible information with as high a degree of accuracy
as peasible, Much of this informaticon could, however, be used as the
factual basis from which site evaluations are in part generated. In ‘A
Nature Conservation Review' (Ratecliffe, 1977), a series of criteria
for site assessment and selection are defined. Some of these criteria
are obviously outside the scope of the survey information, e.g.
potential value, intrinsie appeal. Being based largely on value
judgements, these must remain the prerogative of the conservationist
actually making the assessment. In the case of other criteria, e.g.
typicalness, extent, diversity, naturalness, rarity, fragility
{possibly) and position in ecological/geographical unit, there 1is a
great deal of information contained in the survey data that could be
used to assist in assessment. Typicalness stands out as possibly being
the single most important criterion in site asseasment, the .one that
is arguably most difficult to derive, and the one to which a widescale
survey and suitable analysis can best provide the answer.

The philosophical basis of site evaluation is clearly a matter for NCC
to decide for themselves. However, when it comes to implementation,
the Institute of Terrestrial Ecology (ITE) may be able to assist NCC
in getting the best out of the available information.

1.2.3 Basis for Future Activities-

The records from the Scottish Coastal Survey constitute a vast amount
of information stored in machine readable form., Because it is 3o
readily accessible, any research organization would find it a useful
starting point for further work on the coast of Scotland. An obvious
future development would be for NCC to obtain more detailed
information on sites already recorded, perhaps with the aim of
producing vegetation maps. Similarly, the survey could be extended to
cover sites not included in the original survey. Alternatively, it
might constitute the starting point for more detailed ecological or
physiographical studies of sites on the Scottish Coast. Analysis of
environmental data could lead to work on site management, whilst the
soil and auger hole data could stimulate investigation into the post
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Pleistocene history of soil developmenf on dunes and the relationship
to the raised beaches which occwr in many of the survey sites.

The use of surveys to provide "a basis for monitoring" has often been
proposed, even in connection with the Scottish Coastal Survey.
However, 'it is difficult to combine the number of sample observations
required to make estimates of reasonable precision with the rather
smaller number of fixed quadrats needed for the accurate measurement
of change. Furthermore, the variables to be recorded for the detection
of change would need to be specified in advance of the initial survey.
Extensive survey of the kind used in this Scottish Coastal Survey may
be valuable in helping to define the necessary stratification for the
monitoring of change, and should certainly provide information on the
variability of the target population.

1.3 Role of NCC in the Project

NCC made the first and critical decision affecting the design of the
project when they chose the sites to be surveyed. The fact that the
survey was to be site orientated had a major effect on everything that
was done subsequently. The total population of soft coast sites in
Scotland has never been determined, so it is not known how the 94
‘selected sites relate to the whole. It is thought that most large
sites have been included but not all small ones. Some bias is evident
through the neglect of small sites in areas where large sites are
available and their inclusion in other areas. Figure 1 shows the
Q}@tributlon of the 94 sites selected by NCC and Table 1 lists their
names.

LN

NCC also decided on most of the site boundaries. These were usually
determined by various members of their staff (Regional Staff and Chief
Scientist Team), but in exceptional cases, where 1little was known
about the site in question, boundaries were drawn by ITE staff wusing
maps and aerial photographs (when available).

NCC also undertook to arrange access to the sites for the field survey
teams. As a matter of courtesy, field team leaders usually introduced
themselves to the local farmers and crofters before going on to the
sites.

The relationship between ITE and NCC staff developed as the project
progressed. Local ARO's often joined the field teams at work and came
to understand what the work involved, At the project management level,
there was a free interchange of views and ideas, which enabled both
sides to see the development of the project. Regional Officers were
able to comment on interim reports and prototype Site Dossiers, so
that, hopefully, ITE can report on the project in a manner that will
be of maximum assistance to NCC staff. The enthusiasm for the work
shown by NCC staff on the "Dunnet Course" was a morale boost for ITE
staff concerned, who believe the NCC staff also benefitted. It is
hoped that use of the survey will not end with the formal report. If
what has been done is to be used to full effect, NCC will be asking
ITE questions about the work for some time to come, as well as
themselves filling in detail, where required, by additional survey.
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Figure 1 Map of 94 sites selected by NCC
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Table 1 - List of the 94 Sites Selected by NCC (key to Figure 1)

1 Torrs Warren ~ 48 Scousburgh

2 Macrihanish Dunes 49 Breckin

3 Laggan Bay 50 Redpoint

4 Kilchoman Dunes 51 Holland

5 Saligo Bay 52 Achnahaird

6 Gruinart 53 Oldshore More
7 Oronsay 54 Sheigra

8 Garvard 55 Durness

9 Kiloran Bay 56 Faraid Head
10 Calgary Dunes 57 Bettyhill

11 Sanna 58 Farr Bay

12 West Tiree 59 Strathy

13 Ballevullin 60 Melvich

14 Hynish Bay 61 Reay

15 Crossapol and Gunna 62 Dunnet

16 Totamore Dunes 63 Freswick

17 Gallanach 64 Sandwood

18 Vatersay 65 Sineclairs Bay
19 West Barra ‘ 66 Ferry Links
20 North Barra 67 Coul Links

21 Daliburgh 68 Dornoch

22 Ormiclate 69 Clashmore

23 Howbeg 70 Morrich More
24 Stilligarry (North) 71 Whiteness

25 Loch Bee 72 Culbin Bar

26 Borve 73 Overbister

27 Stilligarry (South) T