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SUMMARY

Background

The mountingpressureof industrialdevelopmentson the Scottishcoast
in the early and mid-seventies,e.g. the building of the Nigg Bay
gravingdock and the Dunnet Public Enquiry, along with increased
recreationaluse, highlightedthe lack of informationabout a series
of importantcoastalhabitats.In general,it was the low-lying, soft
coast composedof sand, shingleor mud that was most affectedby these
changes.Since that time some threatshave diminished and new ones
have emerged,e.g. the EEC fundedWestern Isles IntegratedDevelopment
Programme,and conservationof the Scottishcoast is likely to be a
continuingproblem.

In order to obtainmore informationabout what were thought to be the
most scientifically important or vulnerable areas, the Nature
ConservancyCouncil in 1975commissionedthe Instituteof Terrestrial
Ecology to conducta survey of selectedsites on the Scottish Coast.
The objectivesof the surveywere:

To determine the nature and extent of the main habitat
divisionsand the compositionof the vegetationwithin each of
the areas specified by NCC.

To carry out the above investigationin a way that would allow
objectivecomparisonsto be made betweenindividualsites.

To determinethe presence of rare or localized vegetation
types and plant specieswithin each specifiedsite.

To assess subjectivelythe extent to which sites are currently
being affectedby human activitiesof variouskinds.

The method of surveywas specificallydesignedby ITE to meet these
objectivesand can convenientlybe dividedinto two parts;

the quadratsurvey,and
the supplementarysurvey.

The quadratsurveyinvolvedthe recordingof data (plants, habitats,
environment, soil and human activities) from a series of
representativeareas at each site. However, because this type of
extensivesurvey inevitablyhas a ratherlow samplingintensity, i.e.
about 0.3% in most sites but up to 3.8% in some smallerones, it was
appreciatedthis might not adequatelyserveobjectiveiii), viz, the
detectionof rare phenomena.In consequence,the supplementary survey
was added to meet this specificrequirement.A coastalspecialist (Dr
D S Ranwell)aimed personallyto visit all sites in order to locate
rare habitatsand plants that might not be recorded in the quadrat
survey. The resultsof the supplementarysurvey are presentedin full
in the Site Dossiers where they take the form of general site
descriptions(Section2) and as recordsand annotationsin the section
on species of interest (Section 5.1.4). Information from the
supplementarysurveywas also used in the preparationof the maps of
vascularplant distributionsgiven in Appendix3. Other informationon



specific topics such as field methods, bryophytes, lichens and
specificationsfor the data bank produced by the survey have been
preparedas separatelybound appendicesto the Main Report. A list of
appendicesand their contentsappears in Section 1 of the this report.

Main Report

The Main Report is exclusivelyconcerned.withthe data obtainedin the
quadratsurvey and the variousanalysesand interpretations developed
therefrom.

Sections 1 and 2

The early part of the report describesthe backgroundto the project,
i.e. the needs of NCC and how these were taken into account in the
designand conductof the survey. Becauseof its specific requirement
for informationon sites, it was the responsibilityof NCC to select
the areas to be surveyed.This was done in consultationwith Regional
Staff, who also assistedin the definition of the site boundaries.
Over 100 sites were originallyconsideredbut this number was reduced
to 94 when it was found that some had already been virtuallydestroyed
by human activities, e.g. all sites on the Ayrshire coast. The
distributionof the sites actuallysurveyed is shown in Figure 1 and
the names are given in Table 1.

Section 3

This sectiondescribesthe organization of the project. The field
survey phase was spread over three years, from 1975 to 1977. A
detailedHandbookof Field Methods (Appendix2) was prepared at the
beginningof the projectand improvedwith increasing experience. At
the start of each field season, a training course for prospective
survey team leaders was held. Trainees who did not achieve the
necessarystandardsof proficiencywere rejected. All team leaders
were recruitedfrom ITE permanentstaff,with the exception of one
scientistfrom NERC Headquarters in 1977. Also, one post-graduate
student,after considerable experience as an assistant, was used
brieflyin the role of a leader. Casual labourwas only employed at
field assistant level. By these means a high standard of data
collection was maintained.

Section 4

The developmentof the surveymethod is described in this section,
where the various sampling techniques employed are critically
examined.The field trial of the survey methods at Gullane in May 1975
involveda complexstratifiedsamplingtechniquebut this was quickly
replacedby 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 conferredno advantage,indeed,in a few cases it was mildly
prejudicial.In consequence, stratified sampling was abandoned in
favour of a restrictedrandom samplewhich was used for the rest of
the survey (1976 and 1977). This change is of little immediate
significanceto the results of the survey but has some implicationsif
additionalsamplingis envisaged.



An importantfeatureof thrOz"ganizationof the-projectwas that all
team leaderswere given carefullydefined responsibilities for their
participationin the work. For example,each team leader had to submit
a comprehensiveherbarium,both to show that they could identify the
commonspecies correctlyand also to enable the identity of more
difficult material to be checked. The extensive herbarium thus
producedis maintained at ITE's Bangor Research Station and is
availablefor consultation.As an additionalcontrolof data quality,
each team leader was held responsiblefor checking the transcription
of his or her data from field sheets to machine readableform.

Section 5

This sectiondeals with the difficultiesencounteredin the survey and
the limitationsthat must be placed on the data obtained.Such matters
as the choice of sites, their precise boundaries and the influence
these decisionshad on the outcomeof the survey are discussed. The
effect of seasonalchangesover an extended field season (May to
September),samplingintensityand the reliabilityof the cover data
also come under close scrutiny.

Section 6

1

J.

Finally,in what may be describedas the pre-ambleto the Main Report,
the aims and methods of analysesare discussed in some detail. The
interpretation of the numerous data collected in the survey
essentiallyrests on the ability to erect successful classifications
for both vegetationand site types. Initially,great difficultieswere
encounteredin the productionof a vegetationclassificationusing the
currently available methods. An early attempt at a vegetation
classificationwas devisedand testedat the Field Course for NCC
Staff held at Dunnet in 1978.This classification proved to have a
number of unsatisfactory features, the most important being
unreliabilityof the dichotomouskey by which it could be generalized,
i.e. identificationof vegetationtypes in the field using the key was
subject to errors. Subsequentwork lead to a satisfactorysolution of
this problem, resulting in a sensitive and ecologically sound
vegetationclassificationand a completelyaccuratekey (see Section
7). Key accuracywas achievedby a re-allocation procedure and it
should be noted that the resultantkey has multiple paths, i.e. a
given vegetationtype may be identified by more than one route
throughoutthe key. The parts of a vegetationtype that are isolated
by differentroutes in the key have been termed "forms". In some
cases, a form is equivalentto what is often called a "facie".

In general,the site classificationpresentedfewer problemsthan that
for the vegetation.Two apparently contrasting approaches to site
classificationwere consideredon theoreticalgrounds.Both were tried
and found to produceessentiallythe same result. However,one of the
analyses,that based on species frequency, showed a more clear-cut
geographicaldistributionof sites in those site types in which
within-typevariationwas least - in this case, Site Types 1 and 2
which mostly occur in the Outer Hebrides.This solutionwas chosen and
is reportedon at some length in Section 8.

Section 7

Section 7 marks the beginningof the "results" of the survey. It
includesdescriptionand ecologicalinterpretationof the vegetation
classification.This classification,which is based on 3,847 quadrats



from the 94 sites, identifies28 vegetationtypes, not including bare
ground (166 quadrats) and unclassifiable quadrats (only four in
number). The vegetationtypes have been grouped into seven distinct
familieswhich can be furtheramalgamatedinto three "orders"- to use
the taxonomic analogy. Each vegetation type has been given a
descriptivename with both short and long versions (the latter listing
the main dominantvascularplants).They may also be referredto by a
letter/numbermnemonicbased on the family name. The arrangement of
orders, familiesand types is as follows:

'Order' 1 - Non-maritimevegetationtypes with four famines.

Family i) - Colonist,with one vegetationtype (C), 217 out of
3,847 quadratsor 5.6%.

Family ii) - Duneland,with six vegetation types (D1-D6), 1,993
quadratsor 51.8%.

Family iii) - Grasslandwith seven vegetation types (G1-G6), 961
quadratsor 25.0%.

Family iv) - Peatlandwith three types (P1-P3), 155 quadrats or
4.0%.

'Order'2 - Types influencedby freshwaterwith one family.




Family i) - Marshland,with fourvegetation
quadratsor 3.5%.

type (M1-M4), 134

'Order'3 - Maritime vegetationtypes with two families.




Family i) - Saltmarsh,with five vegetation
quadratsor 4.7%.

types (31-55), 180

Family ii) - Foredune,withtwovegetation
quadratsor 1.0%.

types (F1-F2), 37

In additionto these "true" vegetation types, a Bare ground (B)
category,i.e. no vascularplants present,comprises166 quadrats or
4.3%. The four unclassifiablequadrats (see above) have been given the
mnemonic "U".

Non-maritimevegetationtypes account for the majority of quadrats
(86.5%)recordedin the survey. Even within this order, Duneland
vegetationtypes are by far the commonest,with over half the quadrats
(51.8%).One member of the Dunelandfamily, base-rich dune grassland
D1, accountsfor 28.6% of the total population.

The first and most obviousfeature to be noted about the vegetation
types is that most of them have a characteristic geographical
distribution,e.g. base-richdune grasslandD1 in the west and north
and slightlyacid dune grasslandD2 in the east. The Dunelandtype D4
and the Grasslandtypes G1 and G2, in the north and west, and the
Grasslandtypes G3 and 04, in the east, follow a similar geographical
distribution.Other vegetationtypes are more widespreadand this can
usually be explainedin terms of a particular environmental factor
which tends to dominate the more general, geographically linked
factors such as climate, sand type and land-use. For example,
colinizingcommunitiesC and semi-stabledune grasslandD3 are related
to instabilityof the substratesimply becausethis factor tends to
dominatethe conditionsfor plant growthwherever it occurs.As far as
these two vegetationtypes are concerned,it seems to matter little
whether the substratecontainsfree calcium carbonate or not (shell
sand) or whether the climateis oceanicor continental.Similarly,the
members of the Saltmarshfamily tend to be widespread because the
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influenceof saltwaterinundationdominates all other environmental
factors.Some widespread vegetation types are, dependent on more
specializedhabitatssuch as those found in the vicinity of streams
and freshwaterbodies,e.g. wet, slightlyacid dune grasslandD5.

The main aim in the interpretation of the vegetation types is to
identify the dynamic relationships or environmental trends that
underlythe classification. There are diagramsshowing the putative
relationshipsof the vegetationtypes contained within each 'Order'
(Figure3, 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 tenuousin others. However, it should be
emphasizedthat the relationships,even the strong, well supported
ones, are strictlyhypotheticaland need to verified experimentally.
Many of the relationshipsand their underlying causes are, however,
sufficiently well established to form the basis of a coherent
conservationpolicyor to develop practical management procedures
which have a high probabilityof success.Some relationships are the
result of the well-knownsuccessionaltrends in sand dune systems,
i.e. increasedstabilizationof sand and pedogenic processes (see
Figure 3), whilst others are the direct result of underlying
environmentaltrends,e.g. height in relation to tidal range and
substratetype in saltmarshes(seeFigure 5).

Descriptionof the vegetationtypes followsa commonpattern,starting
with their derivationin 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 speciesrecordedin the type are
then listed,followedby a discussionof the relationship with other
vegetationtypes. This latter section is usuallysupported by tables
of preferentialspecies (i.e.specieswhich show a frequency ratio of
at least 2 to 1 for the comparison being made and with a minimum
frequencyof 20% in the'typeto which they are termed "preferential")
to enable a floristic comparison to be made between the types
concerned.There then followsa series of paragraphs dealing with
cover and dominants,soil types, the influenceof human activitiesand
land-use, the occurrence of specialized habitats, topographical
featuresand, finally,the geographicaldistributionof the vegetation
type. A map showing the distributionof the type and a table listing
the sites in which it occurs is includedwith each description. Some
vegetationtypes are characterizedby having a high probability of
containingrare or sensitive species, e.g. damp, base-rich dune
grasslandD4 or slightlyacid, damp grassland01. Attention is drawn
to such features where they are known. Further discussion of
relationshipsor underlyingcausesmay be presentedat the end of the
type descriptionif it is an interestingor importanttype.

At the end of Section 7 there are a seriesof two-way tables showing
the species composition and cover relationships of the different
vegetationtypes.The arrangementof these tables is based on an
ordinationof vegetationtypes (orderacross the top of the table) and
a classificationof species (orderdown the side), the object being to
obtain the best possibleblockingof entriesin the body of the table,
i.e. analogousto traditionalphytosociologicaltables.

Section 7 is completedby a set of instructionsfor the use of the
dichotomouskey for the identification of the vegetation types.
Becauseof size limitationson the Main Report, the key itself is
bound in a separatecover.This is also convenient for field use.
Again,it should be noted that this is a multi-pathkey, i.e. a given
vegetationtype may be derived by one or more pathways through the
key. In practicethe number of pathwaysvaries 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 definingeach step. The number of steps that have to be
negotiatedbefore reachingthe appropriatevegetationtype varies from
2 to 10. It should be emphasizedthat, unlikemost keys of this kind,
the vegetation type key presented here is completely free from
misclassification.Providingthe population definition is properly
observed,i.e. it shouldonly be applied to samples recorded on soft
coast in Scotland,its use for the allocationof new samples to the
establishedframeworkshould be error free.

Section 8

Section 8 of the report deals with the site classification, starting
with the derivationof the site classificationwhich defines 14 site
types. Each site type has been given a name based primarily on its
geographicaldistributionbut also on the the habitats it contains.
Sometimesthis latter part of the name refers to the dominanthabitat,
e.g. ST1 - West Coast Hebridean,Machair type, or it may refer to the
presenceof a characteristichabitat, even though this may occupy
quite a small proportionof the site, e.g. ST7 - North-westCoast, bog
type. As is alreadyobvious from the previoussentence,the types may
also be referredto by a mnemonic (ST1-ST14). The followingis a list
of the names and mnemonics,showing the number (in brackets)of sites
allocatedto each type.

ST1 - West Coast, Hebridean,Machair type (13 sites)
. 3T2 - West Coast, Hebridean,dune type (20 sites)

ST3 - North and West Coast, truncatedtype (7 sites)
.ga 5T4 - NorthernIsles type (5 sites)
Laz ST5 - North and West Coast, acid heath type (7 sites)
:a• ST6 - North Coast, bayhead;well drainedtype (2 sites)

ST7 - North-westCoast,bog type (3 sites)
ST8 - North-westCoast,montane type (2 sites)
ST9 - East Coast,main type (14 sites)
ST10 - West Coast, acid, dwarf shrub type (7 sites)
5T11 - HebrideanSaltmarshtype (1 site)
5T12 - East Coast, truncatedtype (6 sites)
ST13 - East Coast, Firth type (6 sites)
5T14 - East Coast, estuarineshingletype (1 site)

Unlike the vegetationclassification,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 largely manifest through a marked
geographicaldistributionof types,i.e. site types ST1-ST8,ST10 and
5T11 have a predominantlywestern or northerndistribution,whilst ST9
and ST12-5T14 are eastern.The geographicalbasis of site types is
evidentfrom the first division in the site classification, i.e.
ST1-ST8are separatedfrom ST9-5T14. The two exceptionsto the western
and northern versus eastern split, 5T10 and 5T11, can both be
explainedby the.presenceof exceptionalhabitats; peat bog in the
case of ST10 and saltmarshin the case of 5T11. It is these features
that initiallycause ST10 and 5T11 to be segregatedwith the eastern
types. Several other divisionsin the site classification also have
strong geographicalaffinities.The net result is that five site
types, with a total of 53 sites (56%), can be described as having a
discretegeographicaldistribution- ST1 (13 sites), 5T2 (20 sites),
5T4 (5 sites), ST9 (9 sites)and 5T13 (6 sites).Three site types have
widespreadgeographicaldistributions,ST3 (7 sites), ST5 (7 sites)
and STIO (7 sites), giving a total of 21 sites or 22% of the
population..Foreach of thesewidespreadsite types there is a logical
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explanationas to why geographicallyindependentfactors have had a
dominant role in their classification. For exwmple, ST3 is
characterizedby instabilityand truncation (limited extent of the
site in a landwarddirection)and the peaty element in ST10 is the
resultof the type of landformon which these sites have developed.
The remainingsix site types all have less than five sites in them, so
it is difficultto be certainabout their geographicalaffinities,but
the likelihoodis that they are also discrete.The geographical basis
of the site classificationhas importantimplicationsfor conservation
becauseit means that localizedpressures,e.g. further developmentof
the east coast estuaries,could virtuallydestroya given type.

For some site types there is evidenceof parallelwestern and northern
as opposed to eastern development.The best example of this feature is
observedfor sites that are either truncated or, for some other
reason,a high proportionof the site has remainedunstable.The site
types involvedare 5T3 - North and West Coast, truncated type (7
sites),which containsthe northernand western representitives, and
5T12 - East Coast, truncated type (6 sites), which contains the
easternequivalents.The common factor for these types is the presence
of a significantproportion of unstable or semi-stable vegetation
types, e.g. B, C and D3. As already noted, these are widespread
vegetationtypes which seem to be determinedby substrate instability
rather than more general factors such as climate and chemical
compositionof the sand.

The next part of Section 8 deals with methods and types of data that
were employedto interpretthe site classification and identify its
underlyingcauses.The main problem in this type of investigation is
the confounding of factors. Survey data are rarely like those produced
by designedexperimentsbecause there are no proper controls and the
factors cannot be varied orthogonally in order to measure their
effects.Even simple comparisonsbetweenclassesmay be weakened by
their being differentnumbers of observations,e.g. ST1 with 20 sites
as comparedwith 5T11 and ST14 with one site each. In surveys, the
variousobservablefactors,e.g. climate,soil and even land-use, are
often highly correlated but this does not mean that they are
necessarilycausallyrelated.As a result,the range of combinations
availablefor study may be strictly limited. In the ease of the
Coastal Survey,climate, sand type (i.e. the proportion of free
calciumcarbonatein the form of shell fragments) and land-use are
thought to be the most importantfactors. The problem is that all
three factorsare highly correlated.The west and north of Scotlandis
dominatedby an oceanicclimatic regime, whilst in the east, the
climateis more continental(dry and cold). Unfortunately, sand type
followsroughly the same distribution,with shell rich sand is the
west and north and siliceoussands in the east. There are a few
localizedexceptionsand these provide the only evidenceenabling the
relativeimportanceof these two factors to be inferred.The somewhat
tenuousconclusionis that climate and sand type are of roughly equal
importancein determiningthe structureof the site classificationbut
that, independentof topographicfactors,the lattermay be dominant.
Similar problemsexist in the case of land-use,with the traditional
croftingsystem in the west and north being a rather different from
the more modern agriculturalregime in the east where there is also a
forestryinfluence.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 distributionof the variousfactors but it is more
difficultto determinetheir real effect on the status of sites in the
site classification.



Section 8.3 describes the overall characteristics of the site
classificationin terms of geographical distribution, indicator and
preferentialspecies, vegetationtypes, site boundaries, landforms,
climate,land-useand soil types.

The main part of Section 8 is taken up by site type descriptions for
the 14 site types. These descriptionsadopt roughly the same pattern
as those for the vegetationtypes but are slightly more formalized
throughthe use of a standardseries of headings. Much emphasis is
placedon comparingand contrasting various features of the site
types, such as the relativeamounts of the vegetation type, species
frequency,cover, landforms,soil types, boundaries and land-use. A
map showingthe distributionof sites is included with each type
description.

Section 8 is completedby a set of instructionsfor the use of the
site key which is followedby the key itself.The site key is much
simplerthan that for the vegetationtypes, consisting of 13 steps
with 10 indicatorsper step. Each step is paired with a sheet of maps
showing the geographical distribution of sites involved in that
division.

Section9

Despitethe fact that it was excluded from the original contract
specificationfor the ScottishCoastal Survey,a good deal of soil
informationwas obtainedin the course of the survey. In order to use
these data properlyit was found necessary to construct a simple
classificationof soil types. Section 9 of the report describes how
ttis was done and gives outline descriptionsfor the 33 soil types
thus defined.As with the vegetationclassification,it was found to
Se useful to amalgamatethe soil types into series (analogous to the
Vegetationtype families).These were five in number,with names and
mnemonicsas 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-CS7)
Series 4 - Thin Soils with ten types (TS1-TS10)
Series 5 - Beach Depositswith three types (BD1-BD3)

Within each series the types are numbered,as near as possible, in
developmentalorder, i.e. usually accordingto the state of maturity
of the soil profile.Thus, in the Deep Sandy Soil series,DS1, DS2 and
DS3 are virtually pure mineral sands with no profile development and
DS6, DS7 and DS8 are more mature types with a substantial proportion
of humus incorporatedin the profile to a depth of 40cm 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, i.e. TS1 is the deepest and TS9 and TS10, the shallowest.As
might be expected, the Deep Sandy Soils series are numerically
dominant,occupyingno less than 73% of the quadratsrecorded.

Both the descriptionsof the vegetationand site types (Sections7 and
8) contain numerous references to the soil classification.
Considerableinterestlies in the degree of correlation between the
vegetationand soil types. Thus, Table 6, at the end of Section 9,
summarizesthe extent to which the vegetationtypes and soil types are
associated,using Fisher'sExact Test to attach significancelevels to
the observedvalues of coincidencebetween vegetationand soil. Some
vegetationtypes are limited to quite a narrow range of soil types and
there are a number of highly significantcorrelations,e.g. base-rich

I.
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dunegrasslandD1 withsoiltypesD55, D36 and DS7 which together
accountfor 69.4 of quadratsallocatedto thisvegetationtype.

Sections10 and 11

Finally,the lasttwosectionsof the Main Report are devoted to
acknowledgementsanda listof references.
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1 INTRODUCTION

1.1 Background

Sand dune systemsalong with associatedsand and shingle spits, and
saltmarshes,are currentlymore affected by man's activitiesthan most
other terrestrialecosystems.For millennia,man has made use of sand

, dune areas; witness the Mesolithicshell middens.Subsequently, since
the Neolithicagricultural revolution, he has grazed his animals
there.In more recenttimes, on dune systemswhere there are no common
rights, agriculturehas encroachedclose to the shore. In some cases,
rough grazing has continued,but, where arable crops are grown, the
changesto the flora and topographyhave sometimesbeen catastrophic,
e.g. the Bornish Blowout (Seaton, 1968). On the west coast of
Scotland,the croftingsystem of agricultureinvolvesboth grazing and
arable use of the sand dune system.

Near centresof population,mainly in the south of Scotland,the sand
dunes have been used for recreation,especially the construction of
golf courses,e.g. Turnberry,and St Andrews.Recently,with increased
mobilityof human populations,the recreationalpressureshave spread
to even the most remote places.The discoveryof oil and gas in the
North Sea has led to coastal areas being affected by industrial
developments.The coast providedsites for oil platform fabrication
yards in the early stages of the North Sea oil boom. More recently,
suitableplaces for the landfall of undersea pipelines and the
associatedtreatmentworks, which need to be close to where the
pipelinereaches the shore, have been much in demand. Some of these
industrialdevelopmentsare on a massive scale, e.g. Nigg fabrication
yard which has one of the largest graving docks in Europe, and
irrevocablyalter the terrain,destroyingwildlife interests in the
process.

The ease of extractionof coastalsands and gravels has resulted in
theiruse for buildingand agriculturalpurposes.With the advent of
large scale industrialdevelopments,what was a minor disturbance may
now result in severe damage to or destruction of a dune system.
Althoughthe extraction of suitable sand and gravel deposits of
glacial originfrom furtherinland will cause local disturbance, the
long term effectsare likely to be less detrimentalthan on the coast.
Besidesaffectingthe wildlife,loss of sand from the coastal fringe
may result in reduced agricultural production, and problems with
coastal erosionin the short and long term.

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

(i) To determinethe nature and extent of the main habitat
divisions,and the compositionof the vegetationwithin each
of the areas specifiedby NCC.
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To carry out the above investigationsin a way which will
allow objectivecomparisonsto be made between individual
sites.

To determinethe presenceof rare or localized-vegetation
types and plant specieswithin each specifiedsite.

To assess subjectivelythe extent to which each site is
currentlybeing affected by human activities of various
kinds.

To attain these objectives,a detailedprogramme of field work was
devised to collectinformationon the flora, limitedfeatures of the
fauna, and various environmental parameters. The details of this
programmeare describedin Section 4, with an indication of how the
projectevolvedin the light of experience during the first field
season.

At the beginningof the project,in early 1975,it was suggested the
resultscould be presentedas three main end-products.

A field handbookdescribingthe methods used.

Instructionfor NCC staff in the appraisalof sites by the
method adopted in this survey.

Resultsof the survey as they relate to both individualsites
and comparisons between sites. These will include the

a following :-

Summaries of information for each individual site,
includingspecies listsof vascular plants, bryophytes
and lichens,togetherwith estimatesof the frequency.and
cover.The proportionsof major habitat types on each
site will be determinedand, where possible,maps will be
providedto indicatetheir within-sitedistribution.

Analysisand descriptionof the variation between sites
in termsof floristicsand main habitattypes.

Subjectiveassessmentof the extent to which each site is
currentlybeing affected by human activities of various
kinds.

The above headings,both objectivesand end-products,are taken from
AppendixA to the contract (an outline project plan) prepared in

. summer 1975. .

As the projectevolvedand contactswere made with NCC staff, thoughts
on the presentationof the work also developed. With an extensive
quadratsurvey, in which the average samplingintensitywas less than
1%, the detail providedcould 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
productionof detailedmaps showing the distributionof these features
will not be possiblewith the amount of informationavailable.

I.

I.

I.
I.
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The finalsubmissionsto NCC will be as follows.

The Main Reportwhich covers the whole project; aims, methods,

analysis and results. Particular emphasis is placed on a
classificationof vegetationtypes and its interpretation(Section
7) and on a similarclassificationof site types; the geographical
distributionof the typesand between-site comparisons (Section
8).

Ninety-fourSite Dossierscomprisingessentially(iii)(a)and (c)
of the end-productsoutlinedabove.

A seriesof appendicesto the Main Report.

Appendix 1 - VegetationTypes and Key.
This appendixwas to have containeddetailed descriptions of
the vegetationtypes as definedfrom 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 also because a more
comprehensive account of the vegetation types than was
originallyenvisagedis presented in the Main Report. In
practice,Appendix1 would have contained roughly the same
text as Section7 in the Main Report but this would have been

supplementedby all the tables,maps and diagrams that were
used in the interpretation of the vegetation types. The
originalthinkingbehindAppendix 1 was to providemore detail
than could be presentedwithin the confinesof 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, Appendix1 could still be producedat some later date
- withouta great deal of effort.

Appendix2 - Handbookof Field Methods.
This handbook is a comprehensiveinstruction manual covering
all activitiesinvolvedin the quadrat survey, from sampling
methodsand map preparation,to detailsof proceduresused in
the field.It includesa sectionon how the survey can be
extendedto recordadditionalquadratson existingsites or to
cover entirelynew sites.

A course for NCC staff was run at Dunnet and Strathy (surveysites 62
and 59) on the north coastof Scotlandin June and July 1978. The
participantswere instructedin the methods used to collect the field
data and were then shown how additionalquadratsand sites could be
identifiedusing preliminaryversionsof the vegetationand site keys.

Appendix3 - SpeciesDistributionMaps for VascularPlants.
A seriesof maps showingthe distribution of vascular plant
species (in alphabeticalorder)in the 94 sites covered by the
survey in such a way that they can be comparedwith Published
information.A forewordto the maps gives details on species
identification and lists the taxonomic authorities used.
Symbols on the maps and accompanyingtablesof site names give
informationon the source of the records. These maps and
tablesprovidea useful cross referencingsystem with the Site
Dossiers.Becauseof the sheer bulk of this appendix,the maps
and accompanyingtableshave been transferred to microfiche.

Appendix4 - SpeciesDistributionMaps for Bryophytes.
This appendix takesexactly the same form as Appendix 3 but

deals with the bryophytesrecorded in the Scottish Coastal
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Survey.

Appendix5 - SpeciesDistributionMaps for Lichens.
This appendix is equivalentto Appendices3 and 4 but is for
lichens.

Appendix6 - Bryophytesin the ScottishCoastal Survey.
Thia is a separateaccountof the bryophytesrecorded in the
survey.It comprisessectionson methods,the distribution of
species, a classification of bryophyte assemblages, a
comparison between the bryophyte and vascular plant
classificationsand an accountof bryophytes in relation to
the site classification.It is supplemented by a series of
maps and tablessimilar to those that would have appeared in
Appendix 1 had it been produced.Indeed, Appendix 6 can be
used to assess the usefulness.ofproducingAppendix 1 in its
full form.

Appendix7 - Lichen Flora of ScottishCoastal Sites.
A reporton the lichensidentifiedfrom the Scottish Coastal
Survey. There is also a supplement(under a separate cover)
which was prepared as further identifications became
available.

Appendix8 - Data Specification.
A precise descriptionof all the data obtained in the Scottish
Coastal Survey and subsequently translated into machine
readableform,their coding,the logical structureof the data

ar. bank and how and where it is held.

t.

1.2 Use of Findings to NCC

1.2.1 Conservation.

The developmentof an effectiveand readily defensible conservation
policy for the soft coast of Scotland requires a good basis of
information on the amount of resource involved, its range of
ecologicalvariationand its geographicaldistribution.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 level. The
ultimateaim must be the productionof a coherent rationaleallied to
a list of sites, in some sort of order of priority, which NCC will
then attempt to conserveby one or other of the variousmeans open to
them. The means of conservation include declaration as a National
NatureReserve (NNR),notificationas a Site of Special Scientific
Interest (SSSI)or other less formal measures, depending on the
priority,pressuresand the possibilitiesthat exist.

The main aim of the ScottishCoastalSurvey was to meet this need for
a widescalesurvey of the coast.Whereas the decision on an overall
policy for the conservationof the coast of Scotland is largely the
responsibilityof TerritorialHeadquarters,the details of how this
policy is to be implementedmust obviouslylie at a Regionallevel. In
order to do their work, RegionalStaff must know their own sites in
more detail as well as understandfrighow they relate to the total
rangeof sites. Again, the type of information produced by the
ScottishCoastalSurvey should contain sufficient detail to satisfy
most of these needs.

I.

I.

I.
I.

I.
I.
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At a still lower strategiclevel, Regional Staff (mainly Assistant
Regional Officers (ARO) and Wardens) are responsible for site
management- using the term "management"in its broadestmeaning. The
type of activityreferredto here is direct management of NNE's,
advice to landownersand the deflectionof pressuresfrom importantor
vulnerableparts of individualsites. At this level, the information
providedby the Scottish Coastal Survey is perhaps less useful,
althoughthe overall pictureis still highly relevant. This is the
point where NCC staffmay need to supplementthe existing information
for themselvesby extendingthe sampleobtainedin the originalsurvey
and possiblyincorporatingnew types of informationas required. The
original survey having set up the framework, a great deal of
flexibilityis now possible.The only data that must be recorded in
order to providea link with the existingbody of information is the
flora, i.e. a list of vascularplants for the 25 sq m quadrat.

1.2.2 Developmentof Site Evaluations

The type of informationobtainedby the ScottishCoastalSurvey is in
no way a substitutefor site evaluation.Only a small part of the
supplementarysurvey, e.g. the effects of human activities,borders on
evaluationand is to some extent based on subjective judgement. The
main effort of this survey has been to obtain a uniform body of
objective,reproducibleinformationwith as high a degree of accuracy
as possible.Much of this informationcould,however,be used as the
factual basis from which site evaluationsare in part generated.In 'A
Nature ConservationReview' (Ratcliffe,1977),a series of criteria
for site assessment and selection are defined. Some of these criteria

are obviouslyoutside the scope of the survey information, e.g.
potentialvalue, intrinsic appeal. Being based largely on value
judgements,these must remainthe prerogativeof the conservationist
actuallymaking the assessment.In the case of other criteria, e.g.
typicalness, extent, diversity, naturalness, rarity, fragility
(possibly)and positionin ecological/geographicalunit, there is a
great deal of informationcontainedin the survey data that could be
used to assist in assessment.Typicalnessstands out as possiblybeing
the singlemost importantcriterionin site assessment,the .one that
is arguablymost difficultto derive, and the one to which a widescale
survey and suitableanalysiscan best provide the answer.

The philosophicalbasis of site evaluationis clearlya matter for NCC
to deeide for themselves.However,when it comes to implementation,
the Instituteof TerrestrialEcology (ITE)may be able to assist NCC
in getting the best out of the availableinformation.

1.2.3 Basis for Future Activities

The recordsfrom the ScottishCoastalSurvey constitutea vast amount
of informationstored in machine readable form. Because it is so
readilyaccessible,any researchorganizationwould find it a useful
startingpoint for furtherwork on the coast of Scotland. An obvious
future development would be for NCC to obtain more detailed
informationon sites already recorded, perhaps with the aim of
producingvegetationmaps. Similarly,the survey could be extended to
cover sites not includedin the original survey. Alternatively, it
might constitutethe startingpoint for more detailed ecological or
physiographicalstudiesof sites on the Scottish Coast. Analysis of
environmentaldata could lead to work on site management, whilst the
soil and auger hole data could stimulateinvestigationinto the post
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Pleistocenehistory of soil developmenton dunes and the relationship
tO the raised beacheswhich occur 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,'itis difficultto combine the numberof sample observations
requiredto make estimatesof reasonable precision with the rather
smaller number of fixedquadratsneeded for the accurate measurement
of change.Furthermore,the variablesto be recordedfor the detection
of changewould need to be specifiedin advanceof the initial survey.
Extensivesurveyof the kind used in this ScottishCoastal Survey may
be valuablein helping to definethe necessarystratificationfor the
monitoringof change,and should certainlyprovideinformationon the
variabilityof the targetpopulation.

1.3 Role of NCC in the Project

NCC made the first and criticaldecisionaffectingthe design of the
project when they chose the sites to be surveyed.The fact that the
survey was to be site orientatedhad a major effect on everythingthat
was done subsequently.The total populationof soft coast sites in
Scotlandhas never been determined,so it is not known how the 94
.selectedsites relate to the whole. It is thought that most large
sites have been includedbut not all small ones. Some bias is evident
through the neglectof small sites in areas where large sites are
availableand their inclusionin other areas. Figure 1 shows the
drstributionof the 94 sites selectedby NCC and Table 1 lists their
names.

NCC also decided on most of the site boundaries. These were usually
determinedby variousmembers of their staff (RegionalStaff and Chief
ScientistTeam), but in exceptional cases, where little was known
about the site in question,boundarieswere drawn by ITE staff using
maps and aerial photographs(whenavailable).

NCC also undertookto arrangeaccess to the sites for the field survey
teams.As a matter of courtesy,field team leadersusually introduced
themselvesto the local farmersand croftersbefore going on to the
sites.

The relationshipbetweenITE and NCC staff developed as the project
progressed. Local ARO's often joined the field teams at work and came
to understandwhat the work involved.At the projectmanagementlevel,
there was a free interchangeof views and ideas, which enabled both
sides to see the developmentof the project. Regional Officers were
able to comment on interim reportsand prototype Site Dossiers, so
that, hopefully,ITE can report on the project in a manner that will
be of maximum assistanceto NCC staff.The enthusiasm for the work
shown by NCC staff on the "DunnetCourse"was a morale boost for ITE
staff concerned,who believe the NCC staff also benefitted. It is
hoped that use of the surveywill not end with the formal report. If
what has been done is to be used to full effect,NCC will be asking
ITE questionsabout the work for some time to come, as well as
themselvesfillingin detail,where required,by additionalsurvey.

I.

I.

I.
I.

I.
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Figure 1 Map of 94 sites selected by NCC.
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Table 1 - List of the‘94Sites Selectedby NCC (key to Figure 1)

1

el
1

1

41

1 Torrs Warren
2 MacrihanishDunes
3 Laggan Bay
4 KilchomanDunes
5 Saligo Bay
6 Gruinart
7 Oronsay
8 Garvard
9 Kiloran Bay
10 CalgaryDunes
11 Sanna
12 West Tiree
13 Ballevullin
14 Hynish Bay
15 Crossapoland Gunna
16 TotamoreDunes
17 Gallanach
18 Vatersay
19 West Barra
20 North Barra
21 Daliburgh
22 Ormiclate
23 Howbeg
24 Stilligarry(North)
25 Loch Bee
26 Borve
27 Stilligarry(South)
28 Baleshare
29 Kirkibost
30 Monach Isles
31 Paible
32 Hosta
33 Vallay
34 Leathann
35 Balranald
36 Robach
37 Berneray
38 Pabbay
39 Northton
40 Luskentyre
41 Uig
42 Valtos
43 Barvas
44 Europie
45 Tolsta
46 Tong
47 Quendale

48 Scousburgh
49 Breckin
50 Redpoint
51 Holland
52 Achnahaird
53 OldshoreMore
54 Sheigra
55 Durness
56 FaraidHead
57 Bettyhill
58 Farr Bay
59 Strathy
60 Melvich
61 Reay
62 Dunnet
63 Freswick
64 Sandwood
65 SinclairsBay
66 Ferry Links
67 Coul Links
68 Dornoch
69 Clashmore
70 Morrich More
71 Whiteness
72 Culbin Bar
73 Overbister
74 Findhorn
75 Lossiemouth
76 Spey Bay (West)
77 Spey Bay (Central)
78 Spey Bay (East)
79 Fraserburgh
80 Strathbeg
81 St Fergus
82 Cruden Bay
83 Forvie
84 Don to Ythan
86 St Cyrus and MontroseLinks
87 Lunan Bay
88 Arbroath
89 Barry Links
90 Tentsmuir
91 Dumbarnie
92 Aberlady
93 Gullane
94 Yellowcraig
95 Tyninghame

NB Sites numbered 1-95,no site 85 surveyed.
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2 DESCRIPTIONOF THE PROJECT

2.1 Requirementsof NCC

As already discussed in the previous Section (1.2), the main
requirementof NCC is for a widescalesurvey, investigatingthe range
of ecologicalvariationin sites occurring on the soft coast of
Scotland.A uniformset of data, coveringall the major sites with a
potential for conservation, will enable equitable inter-site
comparisonsto be made and also assist in the process of site
evaluation.The type of ecologicalinformationproducedby a widescale
survey can be useful to NCC at various strategiclevels, possiblydown
to the generalmanagementof individualsites (againusing management
in a very broad sense).Detailedmanagementof sites will, however,
often requirestill more and differenttypes of information than can
be incorporatedinto a widescalesurvey, and here the existing survey
can provide the basis for the necessaryinvestigations.It is clearly
impossiblefor NCC to obtain and hold extremely detailed information
on everythingthey might conceivablyneed to know at some time in the
future.Even for one habitat,however importantor threatened,this is
out of the question- and there are many other habitatscompeting for
attention.The only practical solution is for information to be
carefullystructuredon a "need to know" basis, allied with the means
to obtain furtherinformationat short notice.Preliminary, widescale
survey is seen au providing the foundation on which other
investigationsare built as the demandarises.

In additionto having a sound ecologicalunderstandingof sites, the
pragmatic approach of practical conservation also requires some
knowledgeof the pressuresto which individualsites are subject. For
example, it is often necessaryto initiateconservation measures for
sites under pressure,whilst marginally"better" sites, which are not
currentlythreatened,can be kept under surveillance. The Scottish
Coastal Survey had the additional aim of providing information on
directlyobservablepressures,e.g. agricultureand recreation. Other
pressures,e.g. the intentionsof landownersor planningapplications,
are obviouslybeyond the scope of survey but are normallydetected by
the activitiesof NCC RegionalStaff.

In order to meet the requirements set out above, the survey was
divided into two distinctparts which, for convenience, have been
called the quadrat survey and the supplementary survey. Further
informationwas obtainedfrom other sources such as maps, aerial
photographsand other previouslypublishedmaterial.The major part of
the resourcesavailableto this projectwas, however,expendedon the
quadratsurvey.

2.2 Designof the Quadrat Survey

The backgroundto the project (Section1.1) and the requirementof NCC
(Sections1.2 and 2.1), as expressedin the terms of the contract
(Section 1.1), determined the design of the quadrat survey.
Originally,the quadratsurveywas called "the objectivesurvey" (and
the supplementarysurvey was called the "subjectivesurvey")and, in a
sense, this name representedwhat was actuallydone more accurately;a



quadrat is merely a sampling device, but the word "objective"

describesthe general approach.Unfortunately, both "objective" and

"subjective"are emotive words.Their use has become somewhat debased
and they were subsequentlyabandonedfor use in this context.

Quite simply, the quadrat survey is based on an unbiased sampling
procedure,allied with the collectionof useful ecologicalinformation

of a type that can be obtainedin the course of a single visit using a
standardized method. Information collected in this way has
well-definedproperties,includingreproducibilityand the ability to
estimatequantities with a specifiable degree of accuracy. This
ability ensuresthe suitabilityof the survey data for a wide range of
interpretivemethods.These issuesare discussed in more detail in
Section 4 of the report.

The main emphasisof the quadratsurvey was on vegetation. This very

traditionalapproach is justifiedby the fact that, in our present
state of knowledge, vegetation is probably the best means of
differentiatingbetween differentecosystems. The reasons for this
beliefare discussedat some length in Section 6.1. Other information
on the environment,e.g. slope,aspect, soil characteristics and the
presence of various habitats, and some faunal features, e.g.
macro-fauna,were also recorded.Their inclusion in the survey is
based on feasibility,rather than anything else, i.e. can they be
recordedeffectivelyby a one visit survey?. Fortunately, soil and
macro-fauna,in the shape of the herbivores,are both major ecological
factors.The collectionof information on other features such as
micro-faunaor climate are clearly difficultor impossiblewithin this
type of survey.

2.3 Design of the SupplementarySurvey

The supplementary survey was included in the project to fulfil
objective(iv) of the contract:to assess subjectivelythe extent to
which each site is currentlybeing affected by human activities of
variouskinds. The survey also aimed to add information to the
vascularplant species list for each site and, in particular,to hunt
for rare or localizedcommunitiesand species (objective(iii)of the
contract).

In an attempt to achieve a reasonablyuniform treatment of what is
essentiallya rathersubjectiveapproach,only one person was engaged
on the supplementarysurvey.This part of the survey had to be done by
an experiencedcoastal ecologistbecause the termsof the contract put
heavy emphasison the abilityto interpretcurrent dune features in
respectof past and presentland-uses.

An extensivesurvey,with a relativelylow samplingintensityof less
than 1%, is very effective at recording the common, widespread
vegetationtypes and plant speciesand also gives a reliable estimate
of their amount and distribution.The information collected by the
quadratsurvey is mainly aimed at producingan account of the commoner
vegetationtypes and allowingunbiasedcomparisonsbetween individual
sites to be made (objectives(i) and (ii) of the contract). However,
extensivesurvey cannot be expected to provide the comprehensive site
species lists for vascularplants required by NCC. An experienced
botanistcan selectivelysearchthe rarer habitats, e.g. strandline,
freshwateredge and transitionzones in general,and add considerably
to the total plant recordsfor a site. As its name suggests, the
supplementarysurveywas used to supplementthe species list produced

I.

I.

I.
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by the quadrat survey.

When presentinga mass of rather terse, factual information about
individualsites, which constitutesthe main contents of the Site
Dossiers,it is desirableto first "set the scene" for the reader.
This is best achieved by a general site description.which also
incorporatesa conspectusof the entire range of sites.:Again, this
can only reallybe done by one person, and another aim of the
supplementarysurveywas to gain the necessarysynoptic view of the
sites under investigation.

The main outlet for the information collected in the supplementary
survey is the Site Dossiers. Each of these documents includes a
generalsite descriptionand notes on "speciesof interest". Species
recordedin the supplementarysurvey, but not in the quadrat survey,
are includedin the site specieslist at the end of each dossier
(indicatedby (8)).Althoughnot used in the more formal analyses,
i.e. the site and vegetationclassifications,speciesrecordedin the
supplementarysurvey are incorporatedinto the species distribution
maps (see Appendix3)

2.4 Other Sourcesof Information

To augmentand help interpretthe informationcollectedin other parts
of the project,existingpublishedand unpublished accounts of the
sites have been consulted.

Reportsof visits to the sites by members of both ITE and NCC staff
prior to this project,along with publisheddata, have been used to
augment the lists of vascularplant species for some of the sites. By
comparingthese earlier reportswith the informationobtained from the
survey, it has been possible to comment upon some of the changes that
have taken place duringthe interveningtime. In fact, in some* cases,
these earlierreportshave provided the main contribution to the
general site description. Problems have arisen when the earlier
reportsrelate to site boundariesother than those used in the current
survey or where the exact locationor extent of the work has not been
properlyspecified.In some cases, it has not been possible to resolve
these problemssatisfactorily.

Other types of publisheddata, e.g. climatic maps, geological maps,
topographicalmaps, etc., have been used in an attempt to explain the
underlyingcauses for the observed range of variation between the
sites surveyed (seeSection 6.5).
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3 ORGANIZATION OF THE PROJECT

3.1 Quadrat Survey

In order to complete the field work involved in the quadrat survey
part of the Scottish Coastal Survey in the time available, it was
necessary to use many surveyors. A total of twenty-four ITE staff and
nineteen casual labour assistants were employed at various times to
make up the field teams. Of these ITE staff, only seven had
commitments to the project which extended beyond brief periods of
field work (usually of no more than three weeks duration) and
subsequent checking and verifying of the data they had recorded.• To
ensure timely completion, the maintenance of a high standard of field
work when involving so many people and to minimize the disruption to
other ITE projects, a very higl level of organization within the
project was necessary.

The planning and scheduling of each of the three field seasons was
done by one person, whose task it was to supply all the equipnent and
information required by the field teams, and to make all the necessary
travel and accommodation arrangements and bookings.

The field work was spread over three summer seasons 1975 to 1977 (May
to September), in which time 94 sites were surveyed with a total of
almost 11,000 quadrats. The field work was divided as follows: -

1975 - 28 sites (Moray Firth and most of the north coast)

1976 - 140 sites (Outer Hebrides, remainder of north coast and
east coast)

1977 - 2 6 sites (Orkney, Shetland, Inner Hebrides, south-west and
south-east coasts)

At the beginning of each field season, a training course in survey
methods was held and all ITE staff involved in the quadrat survey
during the coming field season were obliged to attend. This course was
designed to produce survey team leaders, a role which carries a number
of well-defined responsibilities. All the oourses were held on sites
which were included in the survey and the data collected (always under
careful supervision) forms part of the quadrat survey. The following
sites were used for training purposes: 1975 - Gullane and Tyninghame
(part), 197 6 - Tentsmuir (part) and 1977 - Torrs Warren. Gullane was
also used as the test site for field methods and sampling (see Section

All training was done with close reference to a Handbook of Field
Methods (Appendix 1), the original version of which was written before
the survey commenced. The Handbook has subsequently been up:iated and
improved each year of the survey, in the light of experience and the
comments of surveyors. The initial part of the training course
concentrated on the method of survey; fran navigating and locating
samples on the ground,. through how to complete the four types of
record sheet, to the checks that are made before moving on to the next
quadrat. When it came to the survey itself, each survey team leader
was responsible, not only for his or her own work, but also for that
of the field assistant who normally collected everything except the
plant records, but under constant supervision fran the leader. Team



leaders have, therefore, to be experienced in all aspects of the work
and this experience can only be gained by first doing the work
themselves. In fact, learning the field methods is not difficult and,
after the first few days, most training can be concentrated on
botanical recording. During the training course, all prospective
survey team leaders were expected to become proficient at identifying
the plants commonly found on the Scottish Coast. Obviously, it was not
possible for the surveyors to be taught all the species they might
encounter in advance. The main emphasis in training was to build up
experience so that surveyors could deal with the general run of
quadrats efficiently, but would also know how to approach the problem
when difficulties occurred. It was just as important for recorders to
know when they could not identify species in the field, carry out the
necessary documentation and collect specimens, than it was to record
species that could be immediately identified.

Not all staff who underwent training were subsequently used as survey

team leaders. Failure to reach the required standard was always
connected with botanical recording. Except for some slight problems
with navigation, no other part of the survey method proved difficult
to learn. The ability to produce the required standard of botanical
recording was largely a matter of previous experience (care and
diligence were also important) and no shortcuts in obtaining this
experience were found to be possible.

As a result of the training courses, a good standard of botanical
recording and the proper collection" of herbarium specimens were
maintained throughout the survey. A high degree of uniformity between
individuals was also achieved in the recording of the (unavoidably)
rifore subjective parts of the data, e.g. estimates of cover, grazing
ihtensity and soil profile features. Survey team leaders had a
continuing responsibility for the data they collected. They checked
all their own field sheets against species lists printed out by the
computer in order to eliminate various sources of error, and were
responsible for answering all queries relating to their work. As far
as possible, the identity of species submitted as herbarium specimens
was communicated back to surveyors together with comments and advice
on their work. A good deal of feedback was generated so that surveyors
learnt by their mistakes.

Most of the sites were surveyed by at least two field teams (a field
team consists of a survey team leader plus assistant) working as a

• co-ordinated group under the supervision of an experienced member of
ITE staff, usually a member of one of the teams. Only three sites were
recorded by a single field team, and, on each occasion, an experienced
member of FIE staff either formed part of that team or was close at
hand to supervise the work.

The handling of the data and specimens collected by the field teams
was done at various ITE stations. The data on the record sheets were
photocopied, coded and punched on to paper tape at Merlewood and then
checked by the field recorder before being sent to Bangor for computer
analysis and storage. The vascular plant specimens were mounted and
sent to Bangor within a few days of their collection so they could be
dried and treated with a biocide to preserve them. The herbarium
specimens were later examined and the identifications used to correct
the field records. This stored herbarium forms a comprehensive
reference collection of the plants recorded during the quadrat survey.
The combined bryophyte and lichen field collections were sent to
Colney where they were dried and separated. Sane of the specimens were
later examined at Colney, e.g. most of the lichens, but the majority
of bryophytes were sent to Edinburgh for identification. The soil
samples were dried at Merlewood and are now stored at Bangor where

I.

I.

I.
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sme further inveStigations have been conducted.
; ..:4

3.2 Supplementary Survey

To provide as consistent an approach as possible to the essentially
subjective supplementary survey, the work was done by one person, Dr D
S Ranwell.

Although no strict field procedure for each site visit was used, as in
the quadrat survey, certain features of the sites were consistently
noted. These included strandline developments and oil deposits on the
shore, height of the coast dune, stocking and grazing intensities,
recreational activities, human occupation and use (past and present)
and general topographical and habitat features. Together with these
notes, lists were made of the vascular plant species and their
associes seen on each site.

The survey consisted of a perambulation of each site from various
access points to include the shoreline and localized habitats such as
freshwater bodies, edge communties etc. The information was dictated
in the field into a tape recorder and subsequently typed and
structured into the general site descriptions found at the beginning
of each Site Dossier.

It was not possible for Dr Ranwell to visit all the gu sites during
the three years of this survey. In fact, only 72 of the sites were
covered by the supplanentary survey: -

1975 - 25 sites (North coast, Moray Firth and east coast)

1976 - 25 sites (Outer Hebrides)

1977 - 22 sites (south-west coast, south-east coast, Inner
Hebrides and Orkney)

In 1977 brief re-visits were made to six of the north coast sites to
check for major changes in land-use.

Of the 22 sites not covered by the supplanentary survey, 11 were
visited by Dr Ranwell between 1969 and the commissioning of the
Scottish Coastal Survey. For these sites, the earlier reports have
been used to write the general site descriptions. Of the remaining 11
sites, all but 4 have been briefly visited by Dr Ranwell at sane time
in the past. Although no detailed reports were made during these
visits, the knowledge of the site has enabled Dr Ranwell, using the
results of the quadrat survey, documentary records and Ordnance Survey
maps, to write the general site descriptions. Where possible, the
descriptions of the sites not seen by Dr Ranwell personally have been
written with the assistance of members of the quadrat survey field
teams who visited those particular sites.

The proportion of the area of each site covered by the supplanentary
survey varies greatly between sites. On some sites only a few hours
were available for the visit, whilst, on others, a complete day or
more was allocated. This disparity has resulted in a very detailed
coverage of saae sites and a less than desirable coverage on others.
In view of this inconsistency, no valid detailed comparisons between
sites, e.g. number of plant species on each site, can be made from the
data collected by the supplanentary survey. In some cases, the number
of species found on a particular site will merely be a reflection of
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the time and effort expended on the supplementary survey of that site.
Therefore, all detailed comparisons between sites should be made using
only the quadrat survey data, which provide the necessary uniformity. IL
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4 SURVEY METHODOLOGY

4.1 Developmentof the Methodology

The methods of survey employedin the Scottish Coastal Survey were

based on previousexperienceof widescalesurvey in connection with

the ConservationReview and from a survey of semi-naturalwoodlandsin

Britain carriedout by staff of the Merlewood Research Station. The

generalapproachto ecologicalsurvey and the type of methods involved

are set out in Dunce and Shaw (1973),using examples taken from the

semi-naturalwoodlandsurvey.The four underlying principles of the

methodmay be summarizedas follows.

(1) Sampling- the use of an unbiased sampling procedure. Without

this, reproducibility of data cannot be ensured and no valid

comparisonscan be made. The threemain requirements of an unbiased

samplingprocedureare that:

the populationis properlydefined;

the precisionachievedby the sample is determinable;and

the sample is free from unknown bias, i.e. random or

systematicsamplingmust be used.

Samplingmethods are discussedin greater detailin Section 4.2.

(2) Standardization- the derivationof a set of rules and procedures

which can be communicatedfrom personto person and implemented with

the minimum exerciseof subjectivejudgement.This type of approachis

essentialif uniformityand reproducibilityof data are to be ensured;

for only then can valid comparisons be made. The adoption of

standardizedprocedureshas long been acceptedin other investigative

methods, e.g. experimentation, and the same principles apply to

survey, althoughan equal degree of control is difficult to achieve.

An outlineof fieldmethods is given in Section 4.3 and details are
given in the Handbookof Field Methods.

(3) Choice of Measures- a carefuldecisionconcerning the type and

amount of data to be collected.The choice of measures is based on

four main considerations:

that the data carry informationrelevantto the problem in

hand;

that the necessaryinformationis carriedin as few measures

as possible;

that the data are easy to record accurately;and

that comparableinformationcan be obtained for all members

of the population.

The choice of measuresand allied matters are dealt with at some

length in Section 6.

•
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(4) Analysis- the use of formalizedanalyticaltechniquesin order to
investigate,specificallyor generally,the information that survey
generates. Ecosystems are so complex that mere presentation of
isolatedfacts or informal attempts at synthesis do not usually
provide an adequatesolutionto the type of problem faced by the
conservationist.This activitymay even become an end in itself.
Analyticaltechniques,from the most simple,e.g. calculating means,
to the more complex, e.g. ordination or classification, seek to
simplifya complexsituation,as representedby the field data, and
reveal the underlyingpattern.Without this type of summarization,
interpretationis reduced to making ad hoc decisions based on a
restrictedexaminationof the facts or on intuition. An experienced
ecologistmay have sound intuition,but this type of evidence is not
always easy to defend in the outsideworld. The results of analytical
techniques,as applied to data, are more easily defended, enabling a
level of probabilityto be definedfor tests of significance and for
estimates.This type of approach places conservation on a similar
footing to other competingactivities.

Aims of analysisare dealt with in greater detail in Section 6
togetherwith some discussionof analyticalmethods.

As the above considerationswere closelydebatedfrom the outset, the
whole of the quadratsurvey methodologywas designedto meet the most
stringentrequirementsof an unbiased survey method. In all major
respectsthe design was successful. Some minor shortcomings and
limitationsare discussedin Section 5.

• Lk

4.2 Methods of Sampling

The method of samplingemployedin the survey underwenta process of
evolution,extendingfrom the designstage up to the end of the first
field season (1975).From both a theoreticaland practical point of
view, it is importantto make clearwhy certain methods of sampling
were adopted,why some were less successfulthan others and what, if
any, implicationsthese decisionshave for the user (NCC).

The most common criticism,that phytosociologistslevel at random or
systematicsampling,is that it is less efficient,i.e. it takes more
samples and more time than an approachin which samples are selected
to be representative of their "type". In a limited sense this
criticism is perfectly valid. The advantage claimed for subjective
samplingis that it permitssufficientsamples to be taken in each
"type" withoutover- or under-samplingany of them. By contrast, all
non-stratifiedmethods of random or systematicsamplingsample a given
"type" in direct proportion to the total amount of that "type"
present; common "types" are over-sampled and rare "types"
under-sampledor missed altogether.This comparisonis, of course, an
over-simplificationand begs the questionas.to how one knows what
"type" is beingsampled'beforeit has been recorded (andalso perhaps
analysed).In this case, it is necessaryto have an outline scheme of
classificationin mind, often derived from a thorough pre-sampling
reconnaissance,againstwhich to select the necessary samples. After
the initial samplingand analysisof the data (perhapsusing numerical
analysis), the classification may be modified in the light of
experienceand furthersamples taken to obtainmore detail or fill in
gaps.

I.
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This processof successiveapproximation(Poore 1956),may be regarded
a reasonableone for erectinga classificatory framework. The main
danger is that of circularityof argument, i.e. subjective sampling
accordingto an initial (hypothetical)structurewill tend to confirm
that structure,and informationto the contrary will be unwittingly
excluded.The only true validationof a classificationwhich has been
derivedfrom subjective sampling is to test it on 'randomly or
systematicallyselectedsamples drawn from the same population- does
it identifysuch samples correctly?For variousreasons,this test has
never been done in a formal manner, even though the means of doing so,
using appropriatestatisticalmethods, is now available.

The other problemwith traditionalphytosociologiealmethods lies in
the manner with which they deal with so called heterogeneous samples,
transitionsand other aberrantsituations,i.e. usually by ignoring
them. Indeed, this is one of the main functionsof selecting samples
subjectively - to sample only homogeneous Ouadrats, to avoid
transitionsand obviously aberrant quadrats, e.g. the results of
disturbance.It is not disputedthat such entitiesexist and that, in
some senses,they are less interestingto the ecologistthan "genuine
communities",but a rigorous definition is difficult to find. In
uniformhabitats,homogeneousstands are in the majority, but in other
areas, e.g. uplands,the oppositemay be the case. Applying the same
rules of homogeneityto a uniformand non-uniformhabitat,the latter
may be regardedas largelyunclassifiable.In order to overcome this
problem,and becausehomogeneityis a function of area, the usual
procedureis to reduce the quadrat size drastically, using the
species/areacurve as a guideline. Obviously, the question as to
whethera particularsample is homogeneousor not or when to change
quadrat size (or even shape) introduces a serious element of
uncertaintyinto a procedurethat was, up until this point,reasonably
acceptableon pragmaticgrounds to fulfil the limited function of
producinga classificatoryframework.It is also important to note
that, although a phytosociologistmay not be interested in
transitions, disturbed and other heterogeneous communities, the
practicalconservationistcannotafford to ignore them. Transitions
may be just the placeswhere change is taking place, e.g. the drying
out of a site due to drainage or re-establishment of san abandoned
arable area. Similarly,certain types of disturbance which produce
communitiesthat are not usually recognized in a phytosociological
classificationmay support rare or threatened species, and this
knowledgeis importantto the conservationist.

The main reasonwhy heterogeneousquadratsare avoided in traditional
phytosociologyis that they are difficult to classify. They often
contain complex,and even conflicting,species assemblages for which
it is difficultto identify characterspecies and fit them into any
form of tablework.Indeed,most numericalmethods have difficultywith
such quadrats,althoughthe bettermethods will at least succeed in
isolatingthem in a reasonablylogicalmanner.

The above preamble on phytosociology and the implications of
subjectiveas opposedto objectivesamplingare necessary backgrouhd
to an understandingof the evolution of sampling methods in the
quadratsurvey. The questionof heterogeneous quadrats, transitions
and the like is easily solved. Numerical methods of classification
have the abilityto deal with the problem and therefore, throughout
the survey, no quadratwas rejected in the field because of its
species complement, however unusual it might be (in fact, four
quadratswere rejectedafter preliminaryanalysis,see Section 7.3).
Admittedly,at the end of the day, the most peculiar quadrats are
isolatedas just that. They cannot be regardedas vegetationtypes and
there is very little to be said about them, simply because of the
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paucity of informationabout them. Other unusual quadratsare repeated

a number of times and must, therefore, qualify as vegetation types

even though they are not conventionally recognized as such. Their
exact statusmay be very uncertain,i.e. are they stable or rapidly

changing(?), but becausethey exist (or rather,existed at the time
when they were recorded)at several locations they can hardly be

ignored. By definition, these are the "rare" vegetation types,
althoughit should not be argued that this automatically means that

they are of particularconservationinterest. •

The originalmethod of samplingtested for use in the quadrat survey

was intended to overcomesome of the disadvantages of unrestricted

random samplingby the use of stratification.For example,if go% of

an area was occupied by vegetationtype A and 10% by type B, a random

Sample of 10 quadratswould, on average,produce 9 samples of type A

and 1 sample of type B. A stratifiedrandom sample of the same area
would treat type A and type B as separate strata, and, if the two
strata were equally variable,would take 5 samples from each. The
efficiencyof the stratification would, of course, depend on the
validityof the a priori distinctionbetweenthe two types, but, on
average,might be expectedto be an improvement over the efficiency
likely to be obtained by unrestrictedrandom.sampling.

The original assumptionwas that good qualityaerial photographswould

be availablefor all the sites.From these photographs it would be
possibleto identifya large number of distinctivehabitats (strata).
The originalplan was to recognizeeight open (areal) strata (coast

dune, inland dune, dry slack, wet slack, saltmarsh,former cultivated
sand, plantationand other areas) and four linear strata (strandline,
stream, loch edge and other). These were to be delineated on the

aerial photographsand then subjectedto randomsampling,with about 5
quadratsin each stratum.

The first setbackwas that good aerial photographswere not available

or, at least, not readilyavailable,so the same stratification was
attemptedwith 6 inch maps (1:10,000and 1:10,560),using the symbols

and contourscontainedon these maps to delineate the strata. It
should be emphasizedthat the aim was not to identifyall these strata
with a high degree of accuracy (the internalvariabilityof the strata

being unknown anyway) but merely to produce a stratification that
would improve the distributionof samples.

One of the survey sites (Cullane- site 93) was chosenas the test for
this method of stratified random sampling. On the ground it was
immediately obvious that the method had failed, and that, far from

obtaining a distribution of samples that was better than an
unrestrictedrandom one, the distributionwas much worse. Some of the
smallerstratawere very uniformwhile other larger strata were very
variableindeed, and there was no 'obvious pattern that could be
effectivelyharnessedfor sampling purposes.

Clearly the stratificationwas too complex and the only possible

course of actionwas to simplifyit greatly.This simplification was
achieved by reducingthe number of stratato five (threeopen and two
linear) as follows.

(1) Coast dune - definedas beingall that area within 50m of
high water (markedon the 6 inch map).

(2) The rest - definedas beingthe rest of the site landward of
the coast dune stratum (morethan 50m from high water. mark).
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Saltmarsh- definedas being any areas below high water
(HWMST)marked by OrdnanceSurvey as being marsh (OS are
rather inconsistentabout this).

Strandline- a linear stratum defined as being high water
marked on the map.

Water edge - a linearstratum definedas streams and the edge
of lochs and otherwater bodiesmarked on the OS map.

Samplingwas done on a series of transectlines with restrictedrandom
originsrunningapproximately at right angles to the shore. The
originalreasonfor using transectswas that navigationwas done using
aerial photographs,not maps (seeabove).Sampling on lines located
from fixed featuresby compass bearingwould ensure that surveyorsdid
not navigateby photo-interpretationof the vegetationand thereby run
the risk of biasingthe sample.When the changewas made to maps, the
transect system was retained because of supposed navigational
difficultieson sand dunes. In practice,such fears were unjustified
on the vast majorityof sites.The length of transectline traversing
each of the open stratumwas measuredas was the length of the linear
strata.Random pointsalong the sectionsof transectrelatingto each
stratumwere determinedand marked on the maps. Only the saltmarsh
stratumwas treateddifferentlyand this was subjected to a random
sample. The samplingintensityfor the five strata was as follows.

Coast dune - 6 samples (restricted randomization 2x3 on
transects)

The rest - 24 samples (restricted randomization 4x6 on
transects)

Saltmarsh- 8 samples (completelyrandom, not on transects)

Strandline- 6 samples (randomon linear stratum)

Water edge - 6 samples (randomon linear stratum)

This scheme gives a possiblemaximum of 50 samples per site if all
strata are present.

The term "restrictedrandomization",used above in relation to the
coast dune stratum,means that the length of transect crossing this
stratumwas dividedinto two parts and three samples were randomly
located in each half.Similarlywith the rest, the length was divided
into four parts with six random samples in each. The aim of a
restrictedrandomizationis to ensure good coverage without forgoing
the statisticalnecessityof random sampling.This system was used for
26 out of the 28 sites surveyed in the first year (1975)..The
remainingtwo sites were subjectedto random sample because of their
small size and difficultshape.

During the first winter (1975/76),the samplingsystem was thoroughly
reviewedand varioustests conductedon the data collectedso far. The
result of these investigationsshowed that there was little advantage
in the use of a stratification. The value of the stratification
dependsmainly on the relativevariabilityof the coast dune and the
rest strata,and there appeared to be no consistentpatternupon which
to base a useful stratification.Saltmarshwas an effective stratum,
where it was possibleto identifyits presencefrom maps in advance.
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The two linear strata of strandlineand water edge were useful in the
sense that they ensured a number of sampleswere placed in habitats
which would be poorly representedin a random sample.However, as both
saltmarshand the linear strata are usuallyminor components of the
site, it is questionablewhether they should receivespecial attention
in a widescalesurvey - increased sampling intensity can only be
achieved at the expense of somethingelse. The linear strata are a
particularproblemas they are often not well served by the standard
quadrat,i.e. becauseof its size and shape. Really, both linear
strata require specialized investigation of a type that is not
compatiblewith a widescalesurvey.

The other questioninvestigatedby means of the 1975data, was whether
large sites requirea biggersample than smallones. In other words,
are largp sites more variablethan small ones? Samplingin 1975 made
no allowancefor size; it depended purely on how many of the 5
possiblestrata were present.Again,as with the stratification, no
consistentpattern could be found and there was no evidence that
'variabilitywas a functionof size.

The only positivefindingabout the samplingmethods used in the first
year concernedthe use of transects.On two sites with an unusual
shape, i.e. distancealong the coastwas short and distance inland
long, the number of transectswas too small and the resulting sample
was more clumpedthan was desirable.

As a result of these investigations,the samplingmethod was modified
for the remainderof the survey. Because the stratificationcould not
be shown to serve any useful purpose- indeed,it createda number of
complications- it was abandoned. The use of transects was also
discontinuedfor the reason given above. Using 6 inch maps, the
navigationalproblemsoriginallyanticipatedwith aerial photographs
were virtuallynon-existentand transectswere not required. Only a
few large sites with very out of date maps, e.g. site 70 MorrichMore,
presentedany problems.Over the questionof whether largp sites were
more variablethan small ones, a cautious attitude was adopted,
particularlybecause this was a one visit survey. It was not found
possibleto sample in direct proportionto size because of the size
range involved (BarryLinks = 993 ha to Cruden Bay = 16 ha, or a ratio
of about 60:1), and this would not have been desirable anyway. The
method describedbelow resultsin a progressive scale of sampling
intensity.

The method of samplingadopted was a restricted random one, using
sampling units of 15ha and a standard sampling intensity of two
samples per unit. This samplingintensity (=0.27%)was maintained for
all sites over 225ha, in other words, a minimum of 30 samples per
site. For sites less than 225ha the samplingintensity Was increased
to three, four, five, etc. per unit in order to give a minimum of 30
samples.The exact procedure,with a worked example, is given in
Handbook of Field Methods (Appendix XIII). The advantages of this
method of samplingare that it is easy to apply and gives a good,
relativelyuniform coverageof a site regardless of size. It also
providesa starting point for mapping vegetation types and other
recordedfeatures. The overall intensity of sampling was mainly
determinedby the practical consideration of the total number of
samples that was possiblein the time available. From the point of
view of comparingsites, using the site classification,30 samples are'
almost certainlyadequateeven for the most variablesite. As a basis
for producingaccurate vegetation.maps of sites (one of the original
requirementsof NCC), it is obviously rather poor except for very
uniform sites - if such exist. The total number of quadrats recorded
in the entiresurvey was 3,847.
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It should be noted that, althoughall siteswere originally allocated
a minimum of 30 quadrats,several finished.withless than 30 quadrats
actuallyrecorded (the lowestwas 16 quadrats).This loss of samples
is the dire& result of quadratsbeingabandoned in the field. The
rules which govern this decision,to be taken by the survey team
leader,are given in the Handbookof Field Methods. The 'three most
common reasonsfor a quadrat being abandoned were inaccessibility,
erosionand a crop that would be damaged by the surveyors.The last of
these is numericallythe most important.Abandonedquadratsare not a
total loss because the reasons for their rejection contain some
informationabout the site, e.g. what proportion of the site was

affectedby agricultureand what crops were involved.

Finally,in view of the theoreticaladvantagesof stratifiedsampling,
why were both attemptsat stratification a failure? The answer is
quite simple, that it was not possible to determine where the
variationon a site occurredin advanceof actual sampling.Maps were
of little use and, having seen many sites on the ground, it is
difficultto imaginethat aerial photographs would have been much
better without considerabletime spent checking in the field. The
questionthen arises, would all the time and effort spent working out
a stratificationresultin a commensurateincrease in efficiency of
the sample? Alternatively,is it better to spend the time recording
more quadratswith no stratification?A straightforwardanswer to this
questionis not possible;it really depends on the nature of the
variation, the availability of prior information, e.g. aerial
photographs,and the exact aims of the survey. If mapping is a main
aim, then time spent studyingaerial photographsand the use of ground
control could be rewarding.

4.3 Field Methods

The fundamentalprincipleof the field methodologyis the use of a
standardizedprocedurewhich every field worker knows and follows (see
Handbook of Field Methods for details). The randomly selected sample
points were marked on 6 inch to 1 mile maps. Having found the
appropriatearea of a site, a suitablefixed point,e.g. corner of a
field,which was shown on the map, was located on the ground.This was

the startingpoint for navigatingto the quadratlocation, by pacing
along a compassbearing.

On arrival at the sample location,the quadratwas laid out, and four
field sheets filledin by the two fieldworkers forming the team. The
Plant Recordsheet, which was recorded additively, was arranged to
keep the recordsfrom the six zones (1, 4, 25, 50, 100, and 200 sq m)
of the quadratseparate.Therewas also a section for recording other
features such as bare ground, water, bryophytes, lichens . and
artefacts.Cover estimateswere made for vascular plants and the
additionalcover categorieswithin the central25 sq m of the quadrat.
A collectionof bryophytesand lichenswas also made from this part of
the quadrat.In the 50, 100 and 200 sq m quadratsthe presenceonly of
vascularplantswas recorded.This sheet was completed by the ITE
staffmember, whose assistantusually recorded the remaining three
sheets.

On the Environmental/HabitatRecord sheet were sections covering
variousfeaturesof topography,vegetation structure, animal signs,
tidal litter,human disturbanceand water bodies. The completion of
this recordsheet requiredsome measurements,e.g. elope and aspect,
but most of the data were attributesfor which the presenceor absence
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of variousfeatureswas recorded.

A soil pit was dug at the centre of the quadrat, from which were
recordedsoil attributesin four 10cm zones from 0-40cm depth, along
with soil smears. A profile diagramwas drawn and annotated,and three
soil samples collectedfrom 5, 15 and 30cm depth.An auger hole was
bored to 2m-depth, unless soil conditions, e.g. the presence of
shingle or rock, or reachingthe water table prevented this depth
being reached. Any featuresin the bore hole were drawn on a diagram,
ind sand and water table depths, if found, were recorded.

Finally,a sketch map and section diagram of the plot were drawn. The
holeswere filled in and the site left as neat and tidy as possible.

• •

At the end of the day, the field
and lichen samples stored, and
collectedwere identifiedas far
herbarium,making sure there was
herbariumand field sheets.

sheets were checked,soil, bryophyte
any unknown plants•that had been
as possiblebefore pressing in the
an adequatecross reference between

4.4 Herbarium

At a time when the existenceof speciesand habitatsis threatened by
human activities,it may seem strange for a collection of pressed
plants to be made at all. The reason lies in the large scale of the
projectwhich necessitatedthe use of many differentfield staff, some
with limited experience in plant identification, and the aim of
attaining the highest possible standards of field botany.
Nevertheless,plants were not collectedunnecessarilyand special care
was taken not to collectorchids and other rare species.

Individualfield workers were required to produce a collection of
"voucherspecimens",to show what they meant by a particular species
name, when it appeared on a field sheet. Besides the voucher
specimens,all plants over which there was some doubt as to their
identity,e.g. seedlings,depauperateor damagedspecimens,or plants
belongingto difficulttaxonomicgroups, as well as truly "unknown"
specimens,were put into the collectionfor subsequent identification
in the laboratory.The bulk of the collection,therefore,consists of
common plants with a sprinklingof less familiar ones. There is a
small residue of specimenswhich remain unidentified,a few of these
because the quality of the specimen was too poor to attempt

identification.

Many of the field botanistshad little previousexperience of survey
work, so it was necessaryto define these procedures carefully and
make them as foolproof as possible, so as to ensure .that plant
identification.errorswere kept to a minimum.

The collectedplants have been used in a number of ways. For example,
many surveyors found their collections useful for later
identifications,especiallyafter their specimenshad been verified.
In the analysisof the data, the herbariumhas been used for checking
dubious recordsand for ensuringthe validity of the site species
lists.The specimenswill be retained to answer any queries that
arise. They are importantevidencefor the distributionof species in
Scotland,where many plants are at or near their northernlimits. The
survey.providedsome new records for Scotland.
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The nomenclatureused throughouthas, as far as.possible,been that of
Clapham et al. (1962). Details of the way- individual genera and
species have been treated are supplied with the introduction and
explanatorytext to the DistributionMaps (Appendix3). For the few
plants not mentionedin Clapham et al. (1962),mainly garden escapes,
we have used Chittenden (1951). In identifying the plants, every
availablesource has been consulted.Some identificationsmade in the
field have perhapsplaced too much reliance on books other than
Clapham et al., if one can judge by the use of some non-standard
nomenclaturewhich matches a certainwell-knownset of illustrations!
Other florasused includeButcher (1961),Keble Martin (1965),Philips
(1977),Ross-Craig(1948-74)and four specialistbooks by Chancellor
(1966),Hubbard (1968),Hyde et al. (1969)and Jermy and Tutin (1968).

It was consideredan impossibletask to identifyplants to subspecific
level, where these have been described.It would have been necessary
to collectmany more specimensto check or even make identifications.
The problemof gettinga high standard of plant identification was
great and, in some instances,it has been necessaryto group species
which, with bettermaterial,would have been separable.These grouped
species have been used for all analyticaland mapping purposes and a
list of amalgamations,and the reasoningbehind them, is given in the
introduction to the species distribution maps. However, where
specimensof these species have been collected and subsequently
identified,positiveidentificationswill be given in the species
lists in the Site Dossiers.Even so, there will be a residue of
recordswhich will be subject to doubt and, where these are used or
presented,the likelihoodof error will be indicated.

4.5 Data Handling

From the outset it was recognizedthat virtuallyall the data produced
by the quadratsurvey would be convertedinto machine readable form
for computeranalysis.

The problemstartswith the collectionof data in the field. The four
types of recordform (seeexamplesin Handbook of Field Methods) were
carefullydesignedto:

assist the field surveyorto record accurately;and

be used directly, i.e. no need to make fair copies .or
abstracts,for convertingthe data into machine readableform
(punchingon to paper tape).

The only significantdeparturefrom normal practicewas the writing of
species names directlyon to the plant record sheet instead of using a
check list. In the field, this is by far the most efficient and
accuratemethod of recordingthese data (particularlywhere there is
such a potentiallylarge species list) and the only disadvantage is
that the field sheets have to be coded prior to punching. All the
other field sheets were designed,as far as possible.,as check lists,
but with the total list being subdivided into logical units
convenientlyarrangedon the form.

As already noted (Section 3.1), each survey team was led by a
permanentmember of ITE staff and that personwas held responsiblefor
all the data (eventhose collectedby the field assistant) for all
quadratsassignedto them. In the case of the plant records,each team
leader had to check that a computerprint-outof the data agreed with
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their field sheets. There were also special provisions in the data
handling to deal with incorporation of herbarium specimen
identifications(see also Section 4.4) into the data bank.

As well as the normal manual checking,i.e. checking of field sheet
against computerprint-out,all data were subjected to a series of
logic checkingprogramson the computer.The data were successively
amended by referenceto the field sheets until all testswere passed.

The net result is a series of data files containingvirtuallyall the
information(the only exceptions being comments and soil smears)
collectedin the quadratsurvey. The computerfiles (the data hank)
all have a preciselydefined,and relativelysimple,structureand can
be interrogatedby anybody in possession of information about this
structure.A full data description and specification are given in
Appendix 6. Data securityis ensured by holding several copies of the
data bank on both magnetic (magnetictapes and discs) and non-magnetic
(papertape) media.

4.6 AnalyticalMethods

The whole of Section 6 of this report is devoted to a fairly detailed
account of, first,the aims of analysis,and second, an account of the
methods actually used. The following paragraphs merely seek to
describethe generalapproach to analysis, as far as possible, in
non-technicalterms.

Analysisis itself a rather forbiddingword, but the
are invariablyrelativelysimple.Most useful analysis
calculatingsuch familiarstatisticsas means, ranges
and proportionsin various categories. The overall
summarizea large number of separateobservations, to
and try to extract laws about relationships,generate
make predictions.

hasic concepts
is directed at
, .probabilities
purpose is to
simplify them
hypotheses and

The analyticalcornerstoneof the ScottishCoastal Survey, and of most
other surveys, is classification. In this case, the method of
classificationused is called indicatorspecies analysis (ISA).It is
a numerical method of classification and, because the analysis
involvesa large number of (relatively simple) calculations, it is
conveniently done on a computer. All this is of very little
significance to the practical user compared with knowing why
classification has been used. Classification is merely the process of
puttinglike with like, so that a given number of entities may be
reduced to a smallernumber of classes, thereby achieving a marked
degree of simplification.It is then possible to investigate the
internal properties of the classes and the differences between
classes,and draw general conclusionsabout them more easily than by
contemplatingthe originalindividualentities.This type of situation
is analogousto an experimentin which the treatments are equivalent
to the classesand the replicatesare the entities that make up a
class. The only difference is that, in an experiment, the
classificationstructureis deliberatelyimposedby the experimentor.
The general approachto drawing conclusions and making predictions
based on the observationsis similar.

Classification,consciouslyor unconsciously,enters just about every
aspect of the mental process,as every observation we make, however
trivial,must automaticallybe comparedagainst some sort of reference
set. It is only when problemsbecome increasinglycomplicatedthat we

I.

I.

I.
I.
I

.
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first lose the ability to rememberthe referenceset, and then find
difficultyin even deriving,:aneffectiveone.;Oftenwe need external
help by writing down or, by othermeans, recordingthe reference set,
e.g. a flora. Next we may feel the need of a method of accessing the
referenceset, e.g. a key, and, in the last resort, we may require
some more formal procedureof actuallyderivinga referenceset, e.g.
a method of classification.

The other main techniqueused to analysedata producedby the Scottish
Coastal Survey,which needs some explanation,is ordination.It is not
quite so easy to give a simple account of ordination as it is for
classification.However,as the name "ordination" suggests, it is
concernedwith the processof puttinga number of entities in order
and a familiarexamplewould be arranginga number of people according
to their height.This is obviouslynot the only way these people could
be arranged;they could also be orderedaccordingto their weight, and
it would then be possibleto draw a plot or graph of weight against
height.In this example,height and weight would almost certainly be
related,but one might equallywell introduceage and eye colour, or
innumerableother possibilities,to the investigation.The same graph
of one variableagainst another could be produced,but the number of
penmutationswould swiftly outrun the ability to assimilate the
relationships. A method of ordination examines all the
inter-relationshipsbetweena large number of features;it finds out
which are relatedto which and then producesa series of orderings of
the entitiesaccordingto combinationsof closely related features.
Again, using the exampleof the people, one ordering might be a
compositeof height,weight and age and a second might be accordingto
eye colour alone. The dual interestsin the results of ordination are
in the features which are related and in the orderings of entities
produced.4.

Turning now to the real object of our interest - vegetation - a
quadrat (the entity) containsa number of species (the features of
that entity).Given a series of such quadrats,it •isobvious that one
can ordinatethem. The interestto the ecologist is, first, which
features (species)are related to which or, in other words, what are
the species associations,and, second; how the entities (quadrats)are
ordered.The orderingof quadrats can be examined to investigate,
ecologicaltrends.This can be done by a knowledge of groups of
species that are determininga given ordination, or by seeing how
various environmental factors, e.g. pH, soil moisture, rainfall,
temperature,grazing intensity,are related to the differentorderings
(or to axes of the ordination).Examinationof such relationships can
be done by graphicalmethods or, more formally,by correlation

The combinationof classification,ordinationand a whole series of
other more familiarmethods of analysisprovidesa powerful means of
investigatinga set of data with the size and complexity of that
producedby the ScottishCoastal Survey.

Details of the methods used can be found in the technical literature.
For indicatorspecies analysis the main references are Hill et al.
(1975)and Hill (1977),and for reciprocalaveraging ordination (the
particularmethod of ordinationused for the Coastal Survey data),
Hill (1973 and 1974).
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5 DIFFICULTIESAND LIMITATIONS

5.1 Choice of Sites

Thoughtsabout nature conservationin Scotlandhave been centred on
sites and conservationareas, at least since the publication in 1947
of "NationalParks and the Conservationof Nature in Scotland" Cmd
7235. In 1949 this Command Paper was followedby "Nature Reserves in
Scotland"Cmd 7814 which suggested sites for nature reserves and
outlinedtheir boundaries.The NatureConservancy and its successor
the Nature ConservancyCouncil have used these publications to form
the basis of their National Nature Reserves and Sites of Special
ScientificInterestin Scotland.It is, therefore, natural that NCC
should have requested a site orientated survey which, in fact,
includesa number of sitesmentionedin Cmd. 7814 .

It is because of this background that there is no unambiguous
definitionof the population of soft coast sites from which the
ScottishCoastalSurvey sites have been drawn.An added complication
arises from the contributionto the list of sites by various members
of NCC staff,who each have their own ideas about the sites for which
they want information.The choicemay range from every site in a
region to a selectionbased on existingSSSI's. Whilst the list of
sites studied probablycoversmost of.therange of variation,it is by
no means certainthat the findingsof the survey can be extrapolated
to all other coastalsites in Scotland.Extrapolationis most likely
to be valid for large sites and least likelyfor smallones, as very
few small sites were includedin the original sample. Besides bias
caused by geographicaldistributionof sand, e.g. the north-western
fiord coast has few areas with blownsand, there are relatively few
survivingsites from the south-westof Scotland.The reason for this
bias is a restrictionplacedon the sample,namely that golf courses
should not be includedin the survey.The Ayrshirecoast, being close
to large residentialareas,has golf coursesalong most of its length,
and these have been constructedas close to the sea as possible.As a
result, it has not been possible to examine the fragments of
semi-naturalvegetationleft withinthe golf courses.This information
might have been useful in tracingthe distribution of plants which
extend their range up the west coast of Britain into the Hebrides.The
problemhas not been so acute elsewherein Scotland,so that adequate
coveragehas been possible.

5.2 Determinationof Site Boundaries

At the beginning of the project, NCC undertook to provide the
boundariesto the sites they wished to have surveyed.These boundaries
were determined by various members of NCC staff. Some of the
boundariesgivenwere those of existingSSSI's,some were made with
good personal knowledge of the sites, whilst others relied on
publishedor file reportsand a limitedfamiliaritywith the area in
question.The differentapproachesused to determine the boundaries
have led to inconsistenciesbetweenthe surveyed sites. Attempts to
lessen these inconsistencieshave been made by providing NCC with 6
inch maps on which to draw the boundaries and by a subsequent
rationalizationof these boundariesby a member of the ITE project
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team,experiencedin theassessmentof softcoastareas.In somecases
theoriginalboundarieshavebeenextendedto follow,where possible,
a featureon theground,e.g.fenceline,riveror track. An attempt
has beenmadeto ensurethateachsiteenclosesall theareaof blown
sand.Nevertheless,it is knownthatsomeboundariesdo not include
all thesandwhilstothersextendon to peatlandand bog; Certain
areason the siteswereexcludedfromthesurvey at the request of
NCC.Theseweregolfcourses,forestryplantations(exceptfor a few
exceptionalcases,e.g.site75 Lossiemouth),cultivatedland, farm
and croftland,and built-upareas.

The resultof delimitingthe sitesby man-madefeatureshas increased
thedifficultiesof inter-sitecomparisons.Someeastcoastsites are
beenlimitedby agriculturewhich has encroachedright up to the
coastaldune,althoughthe limitof blownsandis muchfartherinland.
In othersiteson'theeastcoast,a largeportionof the blownsandis
nowafforested.On thewestcoast,the extentof cultivatedcroftland
variesfromnoneon someislandsto about50% (as estimatedby the
numberof quadratsabandonedforthisreason)at Paible(site 31) in
NorthUist.

Whilstit is thesitethatis normallythe centreof intereseto NCC,
it would be useful to try to understandto what extent site
differencesare determinedby anthropogenicfactors.One approach-to
understandingthisaspectwouldbe to re-analyseselectedpartsof the
data. The quadratsto be investigatedcould be defined uoing
environmentalcriteriasuchas a minimumdepthof blownsand,presence
of saltmarshes,peatland,grazingor public pressure.Those without
the desiredcharacterwouldbe deliberatelyexcluded-fromanalysis.In
thisway it wouldbe possibleto makemoreequablecomparisonsbetween
ttes. Thistypeof approachhasnot beenusedin the preparationof
thecurrentreport.

5.3 GeographicalLimitations

Certaingeographicallimitationsto the dataset have been mentioned
in Section5.1.There,is of course, the major limitationof the
surveybeingrestrictedto Scotlandso thatthe vegetationand site
keyscannotbe usedin EnglandandWales.Whilstthe keys might work
reasonablywellon sitesin the northof England,thiswouldcertainly
not be the casein southernEngland.Many plantspeciesfoundon dunes
reach their northern limit at about the Solway Firth, e.g. Euphorbia
paralias.The numberof possiblespecies increasessouthwards,with
lusitanianspecies occurringin the south-westof England and
continentalspeciesin EastAngliaand the south-eastof England.

The apparentlackof scientificcriteriato definethe populationof
sitescouldcauseproblemsif it was decidedto extend the Scottish
CoastalSurveyto includeEnglandandWales. However, such problems
couldbe minimizedby retrospectivestudyof the Scottish coast to
determinehow theselectedsitesrelateto thewholepopulation.
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5.4 Effect of SeasonalChanges

5.4.1 VegetationChanges

The main field season for the quadratsurvey lasted from the beginning
of June to the middle of September.In 1976 and 1977, the training
courseswere held in late May, a time at which few% plants had
developedfloweringshoots.Late June is 'probablythe best time for
the study of the dune flora but with so many sites to survey it was
clearly impossibleto limit the field work to such a short period.
Most plantsunderwentconsiderabledevelopmentduring the field season
and it was necessaryto be able to identifythem in all stages.A few
species appear brieflyfor a week or two and disappear,the vegetation
rottingas quicklyas it grew, e.g. Parnassia lustris. Some dune
annuals are winter green,growing during the winter to completeflower
and seed productionby late spring. Cerastium semidecandrum is an
early floweringplant which may well have been under-recorded as a
result.Fortunately,most methods of vegetation classification are
robust enoughnot to be seriouslyaffected by the omission of such
species. Although, as a combined result of the quadrat and
supplementarysurveys,the site species lists are thought to be fairly
comprehensive, there may be some systematic differences due to
seasonalvariationin species complement.

More importantfrom the point of view of making the site comparisons,
are the differencesin the weather from year to year which affected
the performanceof some species.It is thought that the Orchidaceae,
particularlythe marsh orchids,have varied in abundance in response
to wetness both at the time of survey and in the previous growing
season. The summer of 1976 was one of the wettest on record in the
Hebrides,while mainlandBritainwas experiencing drought. This wet
period coincidedwith the survey of the Outer Hebrides,and the marsh
orchidswere prolificthere.However,later in the same season survey
activitiesswitchedto the north and east coasts where the weather had
been warm and dry, and few marsh orchids were recorded. One site,
Strathy,was recordedduring this period and then re-visited (in
connectionwith the NCC training course) in June 1978, when the
displayof orchidswas quite spectacular.The weather of 1976 was so
extreme that, when surveying some sites on the east •oast in
September,even cloverwas difficultto identifybecause the leaflets
were droppingoff throughthe drought.The three field seasons had
differentweatherand because,for logisticreasons, the survey had
some geographicalpattern,minor systematicvariation may have been
introducedinto the data.

In additionto the presenceor absence of species due to season, the
cover of an individualspecies will change as the season progresses.
This is one of the main reasonswhy the cover data have not been used
in fonmal analysis(seeSection 6.2).

5.4.2 HabitatChanges

Changes in vegetationstructureallied to those of cover are also
evident,particularlyin the tall herbs and grasseswhich over-winter
at ground level yet grow a floweringshoot of over 1m high.

Apart from the ubiquitous rabbit, which is active all the year,
certainfarming practicesmay mean that the dunes are either winter or
summer grazed or that the animalsmay change with the season, e.g.
sheep at one season and cattle at another.A winter grazed site still
showing the evidence in early June may have lost all trace by
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Septemberwhen the vegetationhas regrown.The evidence for grazing
activitiespresentedshould be interpretedin the knowledge that it
representsa sample taken at a particular time in the year. Even
rabbit populationsare known to have fluctuatedviolently during the
course of the survey in relation to the prevalence of myxomatosis
which showedmarked local variation.

In mobile dune areas and along the shore, dramatic changes can be
wrought by a single storm. Longer term changesof erosionor accretion
may have happenedsince the map used for the survey was made. These
occurrencesaccountedfor some quadratsbeing abandoned.

5.4.3 Soil Changes

There will inevitablybe day to day changes in soil moisture with
short term rainfall,even to the extent of water ponding temporarily
in slacks. In 1976,the sand became so dry on east coast sites that it
was difficultto use an auger in the top 75-100cm.This difficulty is
reflectedin the soil data recordedat that time.

More importantin a survey of this kind are the changesin the water
table. The depth to the water table was measured to investigate
correlationswith slack vegetation.The water table may change by as
much as lm in a season so that interpretationmay prove difficult.For
example,a water table at a depth of 1m in early June may be at 2m by
the end of August.Care must therefore.betaken to check the depth
against the season.

71k
int .

5t5 Limitationsof SamplingIntensity

The standardsamplingdensityof two samples per 0.15 sq km (1 sample
per 7.5 ha) was arrivedat through the necessityof surveying94 sites
in three years.The rate of working for a field team was known so it
was possibleto determinehow many quadrats could be completed in
three field seasons.The limitednumber of quadrats possible meant
that the surveywas extensiverather than intensive.The greater the
number of quadratson a site the more preciselycan the boundaries of
vegetationtypes be determinedand then placedon a map. The density
of samplingwas inadequateto attempt detailedmapping on all but the
most uniform site - if such exists. Most sand dune systems are a
mosaic of habitats forming a relatively fine pattern which is
inevitablydifficultto map accurately without a large number of
samples.

The detectionof rare habitats and species will improve with an
increasedsamplingintensityregardlessof which of the two surveys
(quadrator supplementary)is considered. The discipline and close
scrutinyof the quadratsurvey,where every plant is recorded, often
ensure that diminutivespecies are found. Nevertheless, there is an
element of chancein findingrare species.

5.6 Limitationsof Cover Data

The method of estimatingcover for vascular plants and the various
cover categories,such as bare sand, rock, bryophytes,lichens, etc.,
is describedin the Handbook of Field Methods. Much effort was
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expendedin making these data as uniform as possible. The Handbook
containsguidelines(theyare not quite firm enough to be called

rules) as to how the cover estimates should be made. The training

course also placedconsiderableemphasison this aspect of the method,

including tests of the different surveyors' ability to produce
comparableestimateswhen assessingthe same quadrat. Results were

comparedand the ensuingdiscussionhelpedsurveyors to unify their
approach.The level of comparabilityachievedon the training course

was good, but whetherthis level of performance was maintained by

individualsurveyorson their own in the field is difficult to

determine.A more objective method of estimating cover, using a
smaller 0.25 sq m quadrat (estimatingthe cover for all species with

[5% cover in 16 replicateswithin the 25 sq m quadrat),was tried in

the early trials of the fieldmethod but was abandonedbecauseof the

time taken.As it was never intendedto use cover in the more formal

analyses (see Section 6.2), merely as interpretive information,

relativelylow precisionis of little consequence.

As far as the whole survey is concerned,the mean cover values for

site or vegetation types can be used with confidence to make
comparisons.The cover values for individualsites should be treated
with caution,as they usually representthe work of only two surveyors
who could,by chance,both be biased in a particular direction. For

detailedcomparisons,the cover values producedby the method used in
the survey can not be relied upon. However, as emphasized above in
Section 5.4.1,individualcover values at a particularpoint in time
have littlemeaning so this cannot be regarded as a significant

limitation.In extensivesurveys,like the Scottish Coastal Survey,

the use of bettermethods of estimatingcover is not really justified.



•
ad

N
E

a
IS

a
•••

at
Is

a
1.1

i
is

11.•
is

Id
a

N
es



• -30-

6 AIMS AND METHODSOF ANALYSIS

6.1 Classification

The philosophical background to classification has already been
coveredin Section 4.6. It now only remains to decide on the subject
matter for classificationand the type of information on which it
should be based;in other words, classificationof what and what type
of classification?

The answer to these questions lies in the main objective of the
survey; to comparesites and determinethe extent of habitattypes and
vegetationtypeswithin sites (see Section 1.1). As far as subject
matter is concerned, two classificationsare clearly required.

A vegetationclassification.

A site classification.

The ecologistis usuallymore familiarwith the first of these,but it
can be argued that both are merely convenientpoints on a continuous
scale which startswith individualplants and ends where the units
involvedare too big to be useful. In the case of the ScottishCoastal
Survey,a site is, by definition,a useful unit for classification
(see Section 4.2).The fact that sites are not of fixed size has
little bearing on the matter. For the vegetation classification, a 25
sq m quadrat (a fixed size) is taken as being the unit of
classification.For some purposesit could have been smaller and for
others bigger,and 25 sq m has been chosen as a convenientcompromise.

It is also a useful aid to the interpretationof vegetation types to
produce a speciesclassification,i.e. defininggroups of associated
species.This has been done for the Coastal Survey data and the
results are shown in the two-way tables (speciesx vegetation types)
in Section 7.7. Only the commoner species are included in this
classification,i.e. all those with an overall frequencyof 10 or more
in the 1 sq m quadratsize. The smallestquadratsize of 1 sq m was
recordedspecificallywith a species classificationin mind. The small
size of the sample area means that it provides a stringent test of
whether two specieswill grow in close proximityto one another. This
is the basic conceptof associatedspecies.

The term "vegetationclassification"is self-definingas to both the
subjectmatter of the classificationand the type of information upon
which it is based. In the case of site classification, only the
subjectmatter is implicit,and the type of informationused could be
almost anythingthat was relevant, e.g. climate, soil, management,
ownership,scenic value, cost, etc. Althoughvegetationclassification
is sometimesregardedas an end in its own right, its origin and most
general applicationis really that of ecological classification. In
other words, plantsare being used as a source of information about
the whole ecosystem,i.e. the plants, the animals, the environmental
complexand their interactions.The argumentsfor using vegetation as
an index to the ecosystemas a whole have been summarizedby Bunce and
Shaw (1973)as follows.
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(a)By virtueof itsdirectdependenceon environment,vegetation
can be regardedas providinga sensitive,integratedmeasure

110of the entirecomplex.

Suitablemeasurementsof macro-vegetationare comparatively
easyto obtain because of its size and the comparative
absenceof majortaxonomicproblems.

Becauseof theintegratingpropertiesand relativepermanence
of vegetation,the timedimensioncan largelybe ignored in
the collectionof data.




The onlyother obvious way of classifyingecosystemsis through
measuresof the environmentalcomplexwhichis assumed to drive the
ecosystem.Thisapproachhas sometheoreticaladvantages,particularly
if themaininterestis in the potentialecosystemrather than the
actualone.Thus,environmentally,a cornfieldcouldbe identifiedin
termsof itsequivalentnaturalecosystemor at any stagein between.
The difficulty of constructing an effective environmental
classificationliesmainlyin theproblemof obtainingtheinformation
uponwhichit is to be based.Thecollectionof environmentaldatamay
beComemorefeasiblein thefuture,butat thepresenttimetheuse of

Er
veg,etationoffersthebestsolutionto ecosystemclassificationand
one-thatis particularlywellsuitedto theneedsof NCC.

I/0
6.2 Basi'sof the VegetationClassification

Althoughit is calledthe vegetationclassification,it has already
beenestablishedthatecologicalclassificationis the main aim and
thatvegetationis merely a convenientmethod of achievingthis

11111objective.Obviouslya vegetationclassificationmust be based on
informationaboutplantsbut thereis a rangeof possibilitiesas to
exactlywhat measures are to be used. The followingparagraphs
describewhatmeasureswereusedandwhy.

Firstly, the information used in vegetation classification was limited
to vascularplants;bryophytesand lichensweredeliberatelyexcluded.
Themain reasonfor thisdecision was that a classificationwhich
requiredtheidentificationof theseratherspecialistgroupswouldbe
undesirable.Sanddunebryophytesare usually rather small species,
whichare difficult to identify in the field, and lichens are
intrinsiacllydifficultto identifyandmay requireresortto chemical
tests.A vegetationclassificationthatcouldnot be usedin the field
wouldbe of less use to NCC than one which can. Fortunately,

. restrictingthe basisof classificationto vascular plants has very
littleeffecton its powers of resolutionor accuracy (see also
Appendix6 - Bryophytesin theScottishCoastalSurvey,Section 5.1).
The relativelylargenumberof speciespresentin mostvegetationdata
resultsin a considerabledegreeof informationredundancy,i.e. a
number of species are contributingthe same, or very similar,
information.In mostvegetationclassificationsit would be possible

•to rejecthalfthespeciesat randomand stillproduceessentiallythe
sameclassification.It is onlyin the very species-poorvegetation
typesthatbryophytesand lichenshavethe possibilityof making a

II1

(b)As vegetationis the primaryproducer,uponwhichnearly all
otherorganisms,directly or indirectly,depend, it must
containa greatdealof informationabout the rest of the
biosphere.

111
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significantcontribution.Even this contribution can be virtually
ruled out in.thecoastal habitats because most species-poor types
occur in specialized habitats, e.g. .pioneer dune, saltmarsh,
strandline. These habitats support species with very narrow
environmentaltoleranceswhich inmediatelycharacterizethe vegetation
type because they occur nowhere else.

Secondly,the informationused in the vegetation classification was
limitedto presenceor absenceof species;the use of quantities such
as frequencyor cover (the latterwas actuallyrecordedin the field)
was deliberatelyavoided.The choice betweenthe use of qualitativeor
quantitative data in vegetation classification, is a recurring
problem;and is a problem which is often unecessarily laboured.
Measuresof the relative information content of qualitative and
quantitativedata have been developed(e.g.Williamsand Dale 1962).
They usually show that a high proportion of the information is
containedin the qualitativeelement but, as far as the practical
ecologistis concerned,this is a rathersterile approach. The main
issuesare:

what type of classificationis required;and

what types of data is it practicalor efficientto collectin
the field?

If a classificationwhich reflectsthe grazing potential of various
types of vegetationis the objective, then clearly quantities of
species (ideallybiomass)would be highly relevant.On the other hand,
if all that is requiredis a rathergeneral ecologicalclassification,
then simple specieslists with no quantitative qualification will
almost certainly suffice. This is not, of course, a universal rule,
for even with general ecologicalclassification,if the total range of
variationis narrow,quantitativeinformationmay become necessary.If
there is a rule to follow,it is that, unless there is any prima facie
reason to suppose otherwise,qualitativeinformationshould be used.
Quantitativeinformationis always more time-consuming to collect,
e.g. frequency,cover or biomass, than qualitative. Estimates of
cover, as carriedout in the ScottishCoastalSurvey, are not suitable
for formal analysisbecausethey are not sufficiently reproducible,
despitethe care that was taken to ensurea uniform approach. A key
based on cover data would be open to an undesirable degree of
subjectivityin its use. A more reproduciblemethod of recordingcover
was tried in the early stages but abandonedbecause of the time it
took.

In fact, the balanceof argumentwas even more strongly against the
use of quantitativemeasuresas a basis for classification in the
ScottishCoastalSurvey.The main reasonsfor rejecting the use of
quantitativedata in this particular application (but it probably
applies equallyto many others) can be summarizedas follows.

The relative quantities of various species change quite
markedlyover the season (a long field season had to be
adopted to get the work done). It even has a minor effect on
the presence/absenceof certainspecies (see Section 5.4.1).

In certainhabitats,cover can change markedly overnight,
e.g. as the result of a minor sand blow.

Grazing intensityhas a major effect on cover.Detailsof the
grazingregime,e.g. periodicityand type of animal,are also
important.
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In other words, many quantitativefeaturesmust be regarded as being
unstablein the short term which makes them difficult to measure in
any meaningfulway. Also, there is no reason to suppose this kind of
instabilityis directlyrelatedto the underlying ecology. It is,
therefore,consideredthat the use of quantitative measures would
merely introducea confusingelement into the type of basic ecological
classificationthat is required.In practice,the range of vegetation
types coveredby the survey is so great that there would seem to be no
possibility of quantitative information being required to give
additionaldifferentiation.Evidencewill be presentedlater (Section
6.3), that a vegetationclassification based on. purely qualitative
informationcan producefiner, ecologicallysignificantdivisionsthan
can be interpretedwith ease.

Turningnow to the matter of scale, the use of a 25 sq m quadrat for
the vegetationclassification was an arbitrary decision based on
generalobservationof coastalvegetationand on what it was thought
would be convenient.A smallerquadrat size, e.g. 0.25-1 sq m, would
have been quite satisfactoryfor the machair vegetation - heavily
irazed,species-rich,fine patternedand very uniform. However, this
size would have been most unsatisfactory for tussocky marram dune
vegetationwhere the patternis much larger, i.e. a small quadrat
could either fall on or betweenthe tussocks.At the other extreme, a
large quadratincreasesthe chanceof includingheterogeneoussamples.
Althoughobjectivesamplingrequiresthe acceptance of heterogeneous
quadrats (unlesstests of heterogeneity are used to reject such
samplesafterwards)and numericalmethods of classificationdeal with
the majorityin a sensiblemanner, they are to be avoided wherever
possible.The compromisequadratsize of 25 sq m is large enough to
sample the coarserpatternedtypes well and yet not so large as to
13roducea high proportionof heterogeneoussamples.

It will be recalled(see Section 4.3 or the Handbookof Field Methods)
that a nested quadratsystem consistingof six sizes (1, 4, 25, 50,
100 and 200 sq m) was used in the Scottish Coastal Survey and that
specieswere recordedadditively.As stated above, data derived from
the 25 sq m quadrat were used as the basis of the vegetation
classification.The smallest,1 sq m, quadratwas introducedin order
to providea means of speciesclassification (see Sections 6.1 and
6)4).The largest 200 sq m quadrat was recorded to produce as
comprehensiveas possibletotalspecies list for each site. Subsequent
analysishas shown that this was an extremely efficient method of
gatheringrecordsfor the less commonspecies.The 200 sq m quadrat
data have been used to construct the species distribution maps
(Appendix3) which link with the annotatedspecies list given at the
end of each Site Dossier. The other quadrat sizes serve two main
purposes, first, to enforce an element of discipline into the
searching of the quadrat for species (this makes a very big
contributionto the qualityof the field recording) and, second, to
ensure that the ScottishCoastalSurvey can be made compatible, in
terms of quadrat size, with most previous and future vegetation
surveyswhich may, for variousreasons,use a differentquadrat size.
Finally,a seriesof quadrat sizes provides a means of studying
heterogeneity,either by means of the species/areacurve or by other
methods.No such analysishas been attemptedfor the present report.

This then is the theoretical background to the derivation of the
vegetationclassificationbut, in practice,things did not work out so
smoothly.As soon as the plant records for all three years of the
survey had been fully corrected and the majority of herbarium
specimens identified and entered into the data, a preliminary
vegetationclassificationwas prepared.A site classificationbased on
vegetationtype frequencywas also produced (see Section 6.3 below).
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Keys to both classificationswere prepared;from the analysis along

with an outline interpretationof the vegetationand site types thus

defined.The resultsof this work were taken to the training course
for NCC Staff held at Thurso in July 1978.Two of the sites covered by

the originalsurvey (Dunnetand Strathy)were re-sampled to provide
practicaltrainingin field methods for the participants.The results

of the survey were examinedusing the two keys and it immediately
becameapparent that there were seriousdeficienciesin the vegetation
classification. This, in turn, had some effect on the site
classificationbecauseit dependedon the vegetation types derived
from the vegetationkey. Fortunately,the site key was shown to be
extremelyrobust and the effectswere minimal.

Closer examinationof the vegetationtype key revealedthat it had an
error rate of about 12%, approximately half of which resulted in
serious (and extemelyconspicuous)errors,i.e. the allocation of a

quadrat to a totally inappropriatevegetationtype.Most errors were
in connectionwith bog, marsh or semi-aquaticvegetation or quadrats
in which there were trees or shrubs forminga superimposedlayer over

the ground vegetation.Disturbedquadratsof varioustypes were also
subject to error.

The problem lies not in producinga good computer classification but
in providingan accuratedichotomouskey with which to generalizethis
classification.In general,the type of mistakemade by the key was

fairly obvious,i.e. the user was left in no doubt that the answer was
wrong, but the problemwas how to correct it. As with most taxonomic

keys, it is not difficultto find at which stage thingswent wrong and
"fix it" but the need for this sort of rectification is most
undesirablein what is supposed to be an objectiveclassification.

Mistakesin the key have an entirelylogicalexplanation;they are the
so called "misclassifications"producedin ISA (see Hill et al. 1975,
pages 601-602).A misclassification is a quadrat which does not
contain the right complementof indicatorsto agree with its 'total
species composition.In the computer analysis, the total species

composition,as expressedby its ordination score, is permitted to
overridethe indicators.Subsequently, when the key is used, the
ordinationscore is not known and the quadrat is allocated according
to its indicators.Thus, all misclassifications(in the strict sense
used in ISA) are allocatedto the oppositeside of the key to that in
the original computer classification. This is not necessarily a
seriousmatter. If there are reasonablysimilarquadratson the other
side of the division,as there frequentlyare, the offending quadrat
will almost certainlybe allocated to a reasonabletype, althoughthis

is obviouslynot an optimum procedure.Only when there are no remotely
similar quadratson the other side of the key does a really disastrous
allocationoccur.

It is not proposed,in this report, to give an exhausive description
on how the problemof key accuracywas investigated.This will be the
subjectof a scientificpaper in the near future. However, it is
necessaryfor the user to know the outcome.First, the key accuracy
was greatly improvedby minor improvements to the way ISA works.
Modificationswere made to the method of weighting species, to the
method by which indicatorspeciesare selected,and, finally, to the
method by which the exact point of divisionis chosen. The combined
effect of these improvementswas to approximatelyhalve the number of
misclassifications,but it is doubtfulif the serious mistakes were
reduced in the same proportion.
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Becausesomedivisionsin ISA onlyneeda few indicatorsto producean
accuratekey,whilstothersneedmany,a new versionof themethodwas
producedwhichpermittedthe numberof indicatorsperdivision to be
variedaccordingto theeaseor difficultyof that division.It is
easyto measuredifficultyof division,so this selectionof the
indicators.wasdoneautomatically.Thenet resultis a more accurate
key withthe-minimumnumberof indicatorsso as tomake it efficient
for the user.

In earlyAugust1978,thiswas thoughtto be the finalsolutionto the
vegetationclassificationproblem- themost accurate classification
thatcouldbe producedwithexistingmethods. Soon after this, the
possibilityof a differentapproachwas appreciated.Although this
approachincorporatesa new principle,i.e. new to ISA, that of
re-allocation,it onlyinvolvesa minorchangeto the internal rules
by whichISA operates.When dealing with misclassifications,the
modificationrequiredis to ignoretheordinationscoreand permitthe
misclassificationsto be allocatedaccordingto theirindicators.The
dichotomouskey now allocatesquadratsin exactlythe sameway as the
computeranalysisand is thereforecompletelyaccurate.The penalty -
and of coursetheremust be one- is that for a given number of
divisionsthecomputer classificationis not optimal;within-type
heterogeneityis higher and there is a greater tendency to
fragmentationof types.However,a simple remedy is possible,by
allowingthe ISA to over-divideand thenrecombiningthe result,using
the types to replace individual quadrats in the analysis.
Over-divisionensureswithin-classhomogeneity,whilst recombination
bothreducesthenumberof typesto a reasonablenumber again and
c2ctifiesany fragmentation.Recombinationwas carriedout in exactly
the sameway as for thesiteclassification,using species frequency
withinthe types(transformedto pseudo-species)in a secondISA.

In theorythisclassificatorystrategy- a polytheticdivisivemethod
alliedwitha meansof re-allocation- hasmuch to commend it. Not
onlydoesit producea completelyaccuratekey but it is also likely
thattheclassificatoryframeworkismarginallyimproved.As far as
theuseris concerned,theonlydifferenceis thatthedichotomouskey
is nowmulti-path,i.e. a given type may be reached by several
differentroutesthroughthekey.Thisis notan uncommon feature of
taxonomickeys,e.g.theEquisetaceaein Claphamet al., 1962.Nothing
of the recombinationprocess,excepttheendresult,is evidentto the
user.

6.3 Basisof theSiteClassification

As has already been emphasized,the site classificationand the
variousanalysesderivedfromthis are consideredto be the most
importantproductsof the Scottish Coastal Survey. These analyses
definetherangeof variationof siteson thesoftcoast of Scotland
and providethemeansof makingobjectivesitecomparisons.

In thisversionof the report,the siteclassificationdealswith the
sitesexactlyas definedby NCC,i.e.withno boundarymodifications.
As has alreadybeen discussedin Section 5.2, the determinationof
siteboundarieswas doneon a ratherad hoc basis, by a number of
peoplewithratherdifferentoutlooks,and thisfactorhas inevitably
contributed,in some degree, to the structure of the site
classification.However, systematic differences between sites
resultingfromland-useare almostcertainlystillmoreimportant,so
thatthe fullrangeof habitatsnormallyassociatedwith soft coasts
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is rarelypresentin a given site. Sites in eastern Scotland are
usuallymost affected,often being reduced to a narrow strip of coast
dune, the inland part of the system having been' extensively modified
by agricultureor golf course construction. As already noted, most
sites in south-westScotland have had much of their conservation
interestdestroyedby such activities,and are not included in the
survey. By contrast,some sites in western Scotland (particularly the
Outer Hebrides)retain the full range of dune habitats,from foredune
to the "blackland"beyond,more or less intact. However, they are
affectedto some extent by croftingactivities(grazing and shifting
cultivation).In otherwords, some differences between sites result
from the choiceof boundaryand/or the effects of land-use, whilst
others representfundamentaldifferencesin the ecosystem,i.e. those
governedby climateand soil.

It should be emphasizedthat the above paragraphis not intendedas a
criticismof NCC's approach to defining site boundaries. Although
nowherehas it actuallybeen expressed,this selectionwas done on a
logicalbasis. First,most sites conform roughlywith the extent of
semi-naturalhabitat.This criterionhas worked quite well where there
is a clear distinction between semi-natural and greatly modified
habitats,e.g. in easternScotland, but less well where there is
greatercontinuityof the former,e.g. the Outer Hebrides.The second
criterion,that has probablybeen more consciouslyapplied by NCC in
definingboundaries,is that of producing usable conservation or
administrativeunits.Hence the splitting of some continuous sites
and, not infrequently,the retentionof some sort of buffer zone round
what is consideredto be the "prime" site.

Because,for a number of reasons,conservationof dune systems is more
important than certain other habitats that occur within the sites as
defined,there are sound arguments for carrying out a separate
analysisof sites based only on those sampleswhich have sand as their
substrate. This analysis could be done very easily by using
informationcollectedfrom the soil pits and auger holes that were
recordedfor each quadrat. Basically, the analysis would permit
between-sitecomparisonsto be made free from the possibly confusing
influenceof the non-sandyhabitat.However,in the absence of any
reactionfrom NCC when this suggestionwas made in the preliminary
(1978)report,no furtherattempthas been made to follow this line of
analysis.

Having earlier discussed at some length, in Section 4.2, the
advantages and disadvantages of a priori stratification (which
producedso many problemsthat it had to be abandoned), screening of
samplesaccordingto substratetype is an example of a posteriori
stratification.The main advantageof such an approach is that the
stratificationcan be based on reliableinformation collected during
the survey. A posteriori stratification is seen merely as an
analyticaldevice.In its presentcontext, it does not affect the
efficiencyof the sample but, if furthersamplingwere envisaged, it
could be directedto this purpose.

With regard to the type of data on which to base the site
classification,two distinctmethodswere considered:

Speciesfrequency.

Vegetationtype frequency.

The basic problemis that of summarizingthe quadratdata so that they
best express the propertiesof sites.For each site, a variablenumber
of quadrats(the actual range is 16-108) have been recorded for
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presence of vascular plants. The cover data were not considered
suitablefor themainanalysisbecausethe precisionof the estimates
was low buttherewereotherreasonsas well (seeSection6.2).

Option(a),species frequency,is the obvious one of using the
estimateof.percentagefrequencyderivedfromthe quadrats recorded.
Thus,if speciesA occurred8 timesin 32 quadratsitsfrequencywould
be 25%.Thistypeof data summarizationis conventionallyused to
producea compositethatrepresentsa site.It is a simple method of
summarizationand one thatrequiresverylittle modificationof the
originaldata.However,as the basic assumptionof classification
usingvegetationis thatcertainspeciesgrowtogetherand others do
not,it is interestingto notethatthisinformationwould appear to
be destroyedby usingspeciesfrequency.For example,if speciesA and
B bothhavea frequencyof 50%, this statisticdoes not indicate
whethertheyoccurin thesame50%of quadrats,or a totallydifferent
50%,or somewherein betweenthesetwo contrastingpossibilities.

On the otherhand, option (b), vegetationtype frequency,is an
obviousmeansby which information•on species associationcan be
retained.Heretheapproachis to classifyeachquadratby itsspecies
complementand thenuse therelativequantitiesof these vegetation
typesto representthe site. Compared with the use of species
frequency,thisis clearlya moreextremeformof data summarization;
eachquadratis reducedto a singleentryto the sitedatainstead of
eachspeciesmakinga contribution.Vegetationtypefrequencyhas (as
far as we know)neverpreviouslybeenusedto classifysites.

How do thesetwoapparentlycontrastingtypes of data summarization
differ,andwhichis thebest?At the endof the second field season
(4Titumn1976)the questionwas investigatedusingthe datafromthe68
sitessurveyedat thattime.Ratherthanproduce two classifications
and try to comparethem (itis not easyto comparethesimilarity,or
otherwise,of two classifications),the initial investigationwas
conducted using ordination techniques. Reciprocal averaging
ordinationswerecalculatedfor setsof sitedataproducedby the two
methodsof summarizationand thenthe correlationsbetween the first
fiveaxesfor eachwerecalculated.Remarkably,the two ordinations
weresimilar.Thecorrelationsbetween matched pairs of axes were
0.92,0.92and 0.74for thefirstthreeaxes,withfurtherveryhighly
significantcorrelationsbetweenaxes4x5and 5x4 formethod (a) and
(b)respectively.This result indicatesthat the two apparently
contrastingmethodsof datasummarizationare essentiallythesame.

On purely theoretical grounds (because it is likely to retain more
information),method(a),speciesfrequency,is to be preferredto
(b).However,a numberof practicalconsiderationsfavourmethod (b),
vegetationtypefrequency.Themainadvantageof thisbasis for site
classificationis thatit is easier to envisagea site as being
composedof varyingquantitiesof a seriesof vegetationtypesthanit
is to think about species frequency,which, despite its proven
efficiency,is a somewhatinscrutablestatistic.Also,when it comes
to preparingquadratdataforapplicationto the site key, it is
easierfor the user to calculatevegetationtype frequencythan
speciesfrequencyby hand.

With theseconsiderationsin mind,classificationsbased on the two
methodswerenow produced.In the caseof (a),speciesfrequency,the

-percentagesweretransformedintofour pseudo-species(see Hill et
al.,'1975)withlimitsof 25, 50, 75 and 100%.For (b), twenty-eight
vegetationtypes (plus one extra type for bare ground) were
recognized.Here;sixpseudo-specieswereusedwithlimits of 1, 5,
10,20, 50 and 100%.Theoutcome of these two classificationswas

I.
I.

I.
I.

ei

I.
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examinedby plotting them on maps of Scotland and studying the
distri6utionof types. As expected, the two classifications were
remarkablysimilar,the exceptionbeing the Outer Hebrideswhere there
was a marked geographical distribution of types using species
frequency.This featurewas far less clear-cutusing vegetation type
frequency.As it is extremely unlikely that a marked geographical
distributionwould be producedby chance, it must be concluded that
the former is almost certainlythe superiorclassification. The most
likelyexplanationfor this outcomeis that species frequency is a
more efficient method of data summarization. This conclusion is
further supported by evidence from the ordination investigation
describedabove,where it .is clear (from ordination plots) that
between-sitevariationin the Outer Hebridesis low comparedwith the
rest of Scotland.In other words, this is just the situationin which
informationloss could becomeimportant.

The next step in this methodologicalinvestigationwas to increasethe
number of vegetationtypes recognized in an effort to reduce the
informationloss. A secondclassificationusing fifty-two vegetation
types for summarization(b) (again,plus one extra for bare ground)
was calculated.The number of vegetation types used here must be
regardedas excessiveand well beyond the limit of what is customarily
identified in the field. In the resulting classification, the
distributionof types in the Outer Hebrides was very much more
clear-cutthan that producedusing only twenty-eightvegetationtypes,
but still not quite as good as that producedusing species frequency.
The simple conclusion is that, with more vegetation types, more
informationis retained.But what can be done about the proliferation
of vegetationtypes? Clearlyif they assist in differentiatingbetween
sites, they must be significant,even though their significance is
hard to appreciateby lookingat specieslists. The obvious solution
would be to use a rather coarse vegetation classification for the
normal purposeof identifyingvegetation,and looking at it in the
field,and a finer version (produced by subdivision of the coarse
version)for site classification.

Furtherinvestigation,using the full set of data, in the winter of
1977/78 and the testing of preliminary site and vegetation
classificationsat the trainingcoursefor NCC Staff the following
summer,reinforcedthe importanceof the greater accuracy and finer
resolutionthat could be achievedby using species frequency. As a
result of this and other considerations,it was decided to revert to
speciesfrequencyas the basis for the site classification, thereby
forgoinga certainamount of user convenience. The advantages and
disadvantagesof a key based on species frequencycan be summarizedas
follows.

1. Advantages:

the method of summarizationresults in minimum information
loss;

it does not require a lot of complicated juggling with
numbersof vegetationtypes to producea good classification
in areas of low between-sitevariation;and

the resultingkey should be more robust.
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2. Disadvantages:

interpretability- it is moredifficultto thinkin terms of
sitetypesbeingcomposedof speciesfrequenciesthan it is
of vegetationtypes; and

themechanicsof usingthe sitekey aremoredifficult- the
userhas to calculate%, species frequencyrather than %
vegetationtypewhich,by hand,is moredifficult.

Notmuchcan be doneaboutdisadvantage(b);it is the pricethe user
has to,payfor accuracy.As far as disadvantage(a)is concerned,it
shouldbe emphasizedthatspeciesfrequencyneedonlybe usedto feed
thekey. The view that the user gains some insight into the
classificationfromtheactualuseof the key is much over-rated.
Indeed,it can be arguedthattoomuchattentionto the key .can be
positivelymisleading;it is all tooeasyto arrive at a simplistic
interpretationof thekey throughfailingto appreciatethat the set
of indicatorsdefininga given divisionmust be qualifiedby all
divisionsthathavegonebefore.In practice,it is quite easy to
interpretthe first two levels of division but after that
interpretationbecomesincreasinglydifficult.Failure to appreciate
the truenatureof the processoftenleadsto questionssuch as why
certainindicators,or evengroups of indicators,are repeatedin
differentpartsof thekeyand how a speciescan become an indicator
to a subdivisionof a divisionforwhichpreviouslyit was indicative
by itsabsence.Suchquestionsall haveeminentlylogicalanswersbut,
.forthe practicaluser,it is probablybetterto accept the keys on
trustandrely on the descriptionsof within- and between-class
characteristicsformostof theinterpretation.Thisis,.to a large
extent,analogousto whathappensin a flora,i.e.thecharactersused
in thekeying-outprocessdo notgivea clearpictureof the species
concerned.A muchmoreusefulapproachto the interpretationof the
siteclassificationis to describewhat vegetation types, or
proportions of vegetation types, they contain. Because the
classificationsbased on species'frequency(the actual basis of
classification)and vegetationtypefrequencyare so similar, this
methodof interpretationis certainto be veryrevealing(seeSections
8.3.3(Table4) and 8.4).

6.4 Basisof theSpeciesClassification

As alreadyexplained,the purposeof a species classificationis to
understandthe species associations.This understanding is of
considerableassistancein interpretingthe vegetation classification

and,to a lesser extent, the site classification.A species
classificationcan be used to investigateheterogeneityin the
vegetationtypes.It wouldalsobe usefulin any studies of rare or

localspecies,for example,to seewhichother species are commonly
associatedwiththem.

The basisof thespeciesclassificationis thedatacollectedfromthe
smallest1 sq m quadrat.The underlying model, upon which ISA is
based,is not really suitable for inverse classifications,i.e.
classificationof speciesby the quadratsin whichtheyoccur, so an
alternativemethodhad to be found.In thiscase,the combinationof
reciprocalaveragingordination(usingtheaxesscoresto calculatea
matrixof Euclideandistance)andminimumvariance clusteringproved
to be a perfectlysatisfactorysolution.The results of the species
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classificationare discussedin Section 7.7.,

6.5 Relationshipwith the Environment

Relationshipsbetweenthe vegetation and site classifications and
various environmental features are an important means of
interpretationfor both levels of classification. Information on
environmentalfeatureshas been obtainedfrom a number of sources.

Directlyfrom the quadratsurvey itself,e.g. slope, aspect,
a range of soil profileattributesand auger hole data, such
as sand and water table depth together with management
featuressuch as cultivationand grazing pressure.

Indirectly from the quadrat survey, including the soil
samples that were obtainedXrom quadrats. A sub-sample of
these have already been analysedfor loss on ignition. Other
analysessuch as pH, free calcium carbonate and mechanical
analysiscouldbe done if resourcespermit.

From other sources such as OS maps, e.g. measures of
altitude,slope and fetch, or climatological data, e.g.
rainfall,mean temperature,wind-run, insolation, humidity,
etc.

These data have been used in various ways (usually by calculating
classmeans and ranges)to assist in the interpretation of both the
vegetation and site classifications. Whilst this type of investigetion

cannot establishcausalrelationships,it can yield working hypotheses
and identifyparticularfactors for further study.

6.6 Other Analyses

A whole range of other analyses have been completed in order to
producethe type of data summariesthat should be useful to NCC staff.
These summariestake a varietyof forms includingtables, histograms,
diagrams,maps, etc. Some of these analyses, particularly those
connectedwith the site classification, are included in the Main
Report.Othersappear in the variousappendicesand, in particular,in
the Site Dossiers.
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7 VEGETATIONCLASSIFICATION

7.1 Introduction

The derivationof the vegetation classification and the problems
involvedhave already been discussedat some length in Section 6.2.
This section containsa descriptionof a new "version" of ISA that
completely eliminates the possibility of mis-allocation in the
synthetickey which can be constructedfrom the analysis.It is argued
that the theoreticalbasis of this method - a polythetic, divisive
method combinedwith a means of re-allocation- is sound and should
lead to useful results.There now followsa description of how this
method was applied to the ScottishCoastalSurvey data and with what
result.

The first stage in producingthe vegetation classification, was to
submit the data to ISA, using the version with a modified ruling
concerningthe allocationof misclassifications.This analysis was
allowed to run to ten levels of division at which there are
potentially2 to the power 10 (1,024) classes. However, due to
prematureterminationof some parts of the hierarchy,only 175 primary
classeswere isolated.These classes were very variable in size,
containingfrom 1 up to 938 quadrats, but their most important
propertyshould be that of reasonable homogeneity, i.e. all the
members of a class should be similarwithin fairly close limits. In
general, a high level of homogeneity was achieved in the 175 primary

classes, the only exceptions being a few small, and therefore
relatively unimportant, classes composed of rather aberrant or
disturbedquadrats.Nothing really sensible can be done with such
quadratsand, whateverprocedureis followed, they tend to become
isolatedwith their own kind which is all that can be expected or
desired.The whole of the primaryclassificationis shown in the form
of a hierarchicaldiagram in Figure 6 (in four parts - Figure 6 shows
the top levels of divisionand Figures 6A, 6B and 6C the three main
stems of the hierarchy):

It will be recalledthat, because of the changed ruling by which
misclassificationsare allocatedaccordingto their indicator scores
(as occurswhen the classificationis implementedby the key) rather
than the ordinationscore, it is necessary to allow the primary
classificationto over-divide.In this context,the term "over-divide"
means that too many classes for practicaluse are produced (175 is
obviouslytoo many). This over-division is necessary because the
changed rulingwith respectto misclassificationstends to lead to
greaterwithin-classheterogeneityfor a given level of division. For
example,in the primaryclassificationthe first level of division
(step 1 in the key) separatesmost of the saltmarshquadratsfrom the
rest. However,there is a small residueof misclassificationswhich,
in conventionalISA, are allocatedto the saltmarshtypes on the basis
of their ordinationscore. On closer examination,these turn out to be
pure stands of Salicorniaspp., i.e. extremepioneer saltmarsh, with
no other speciespresent.Salicornia is not used as an indicator
because it is not sufficientlycommon in the saltmarsh types as a
whole to be a good discriminatingfactor. In conventional ISA such
sampleswill misclassifywhen the key is used to generalize the
classification.The ordinarykey will direct these particularquadrats
into the non-maritimevegetationtypes. No remotely sensible outcome
is now possibleand they constitutea source of serious (if rather
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obvious)misclassification.In the modified versionof ISA, the pure
Salicornia quadrats are initially (step 1) allocated to the
non-maritime group but the second level of division (step 2)
immediatelyisolatesthem by a "secondstab at", or a "clean-up" of,
the first division.The key now works with complete accuracy but it
has taken two.levelsof divisionto achieve the same results as one
level in conventionalISA.

The next stage in the processwas to calculatespecies frequency for
the 175 primary classes. This was, in turn, transformed into
pseudo-species(for details see Section 8.1). As with the site
classification,the pseudo-species were five in number using 20%
frequencyclasses, i.e. 1=,20%, 2=20-40%, 3=40-60%, 4=60-80% and
5=80-100%.These data were then re-submittedto ISA (in pseudo-species
formulation)and again run to ten levels of division. Although level
six was consideredto be the standardcut-off level, at which most
classeswere interpreted,some classeshad to be taken to a lower
level. Others either terminatedat a higher level or it was considered
expedientthat they should be terminatedon the basis of size (number
of quadrats) and within-class variation. The secondary or
re-allocationclassificationis shown in hierarchicalform in Figure
2.

In general, the classificationproducedin the re-allocationstage is
of littledirect interest or use to the practical user of the
vegetation classification. Neither is the key produced by the
re-allocationprocess requiredbecause this analysisis merely used to
determinewhich classes isolatedby the primary classification are
sufficientlysimilar to be pooled.The primaryclassificationkey thus
becomesa multi-pathkey, in which a given vegetation type may be
identifiedby more than one route throughthe key (see Figures 6, 6A,
68 and 6C). After careful examinationof the re-allocationanalysisit
was decided to recognize twenty-eight vegetation types, i.e. 175
primary types became amalgamatedto produce 28 secondary types. In
practice,the 28 secondarytypes are composedof from 1 to 19 of the
primary types. In terms of the key itself, the number of paths by
which the constituentparts of a given type are determinedvaries from
1 to 13. As a general rule, the common vegetationtypes - which in a
non-stratified,objectivelysampledsurvey attracta large number of
samples - consist of relativelyfew primaryclassesand have a limited
number of pathwaysin the key. Conversely, less common vegetation
types tend to be badly fractionated by the primary classification
(this is mainly because they are so heavily outnumberedby the common
types) and these consistof a large number of primary types and have
numerous pathways in the key. The only exceptions to this trend are
the extreme (uncommon)vegetationtypes, i.e. those which are composed
largely of species that do not commonly occur in other vegetation
types. These tend to be isolated intact early on in the primary
analysis,as it is desirable they should be. The use of a low
downweightingfunctionin ISA accentuatesthis feature,isolating the
more extreme types at a high level in the hierarchy.In the analysis
describedhere, a zero downweightingfunctionwas used.

Despite having dismissedthe secondaryclassificationsas far as the
practicaluser is concerned,it does, however, have some extremely
useful features,i.e. other than its main function of providing the
means of re-allocationfor the too numerousprimaryclasses.The most
importantfeature is that the classificationhierarchy (see Figure 2)
gives quite a clear, well-balancedpictureof the structure of the
population(cf. the complexprimaryclassification). The reason for
this is that the process of calculatingclass properties,on which the
secondary classification is based, produces a significant

, simplificationof the data. In particular, there is a degree of
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standardizationover the range of.variationso that the various parts
have more equal weight. The mechanism for this is that common
vegetationtypes occur in large primaryclasses and uncommontypes in
small classes.The substitution of class means for the original
quadratsthat make up a primaryclass gives each class unit weight in
the secondaryclassification.As a result the bias of contrasting
quantity is largelyremovedand the range of variationcan be treated
more equably by the ordinationpart of ISA. In a sense, this process
transformsthe originaldata in such a way that they resemblethe type
of data producedby a stratified sampling procedure in which the
number of samples is relatedto the range of variation.

In comparativelysimple sets of data, in which the variationis fairly
uniformand can be accountedfor in relatively few dimensions, this
sort of transformationis not necessary to the achievement of a
reasonableunderstandingof a classificationproducedby ISA. In the
present survey, the classification of bryophyte assemblages (see
Appendix6) was interpretedand the types placed in families without
assistancefrom a secondaryclassification.Moreover,it is doubtful
if much improvement would have been effected by the use of a
re-allocationprocedure.Similarly,the soil classification described
in Section 9 of this reportwas accomplishedin a single step. For
some reason, for which there is no immediately obvious explanation,
the data on which the vascularplant classificationis based appears
to be a good deal more complex than those for bryophytes or soil
profile characteristics.

Despite the comparativedifficultiesof interpreting pseudo-species,
i.e. quantitiesof specieswithin a class, the indicatorspecies used
in the secondaryclassificationalso providesome very useful clues as
to the nature of the population structure by means of an ecological
interpretation.For example, the first division of the secondary
classificationis determinedby Holcus lanatus (0%+), Anthoxanthum
odoratum (0%+),Carex nigra (0%+), Potentilla erecta (0%+), Rumex
acetosa (0%+),Ranunculusre ens (0%+) and Luzula cam estris (0%+) as
negativeindicatorsand Armeriamaritima (40%+),Puccinellia maritima
(0%+) and Glaux maritima (20%+)as positiveindicators. There is no
mistakingthe interpretationof the speciesdefiningthis division as
other than a split into non-maritime (-ve) and maritime (+ve)
vegetationtypes. Similarly,the next division of the non-maritime
types, determined by Potentilla erecta (40%+), Molinia caerulea
(20%+),Callunavul ris (20%+),Erica cinerea (0%+), Carex panicea
(20%+), Nardus stricta (20%+), Carex nigra (20%+), Eriophorum
angustifolium(20%+)and Anthoxanthum odoratum (20%+) as negative
indicatorsand Cirsiumarvense (0%+)as the single positiveindicator,
is clearlya divisionrelatingto acidity and base-richness of the
soil. In fact, so clear-cutis the secondaryclassificationthat it is
possibleto use the main stems of the hierarchyas the basis of the
familiesin which to place the twenty-eight vegetation types (see
Figure 2).

Reading from left to right in the hierarchyshown in Figure 2 there
are seven such families.The figuresin the boxes in this diagram are
the numbers of primary classes involved in each division, i.e.
commencingwith 175 primaryclasses.

Grassland- 7 types G1 - G7 (961 quadrats)

Peatland- 3 types P1 - P3 (155 quadrats)
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Duneland- 6 types D1 - D6 (1,993quadrats)

Colonist- 1 type C (217 quadrats)

Marshland- 4 typesM1 - M4 (134 quadrats)

Saltmarsh- 5 typesS1 - 35 (180 quadrats)

Foredune- 2 types Fl - F2 (37 quadrats)

To this list must be added one other "vegetation"type, not shown in
Figure 2, and this consistsof all sampleswhere no 'vascular plants
were recordedin the 25 sq m quadrat.

Bare ground - 1 type B (166 quadrats).

It shouldbe noted from the above list of vegetation type families
that just two of them make up 77% of the population- Duneland types
with 1,993quadrats (52%)and Grasslandtypes with 961 quadrats (25%).
The Colonistfamily,with a singletype, is the next most important
with 217 quadrats(6%),bringingthe total to 82%. None of the other
families,all of which occupyrather specializedhabitats,exceeds 5%

of the population, so it is clear where the efforts towards
understandingcoastalvegetationtypes should be directed.

Th6:keyby which the vegetationtypes can be identifiedis, of course,
coffililetelyaccurate,in the sense that it exactly reproduces the
crasification producedon the computer.The key has a total of 105
sttPs and there are 106 outletsfor the 28 vegetation types. As has

alreadybeen noted, there are from 1 to 13 outlets for different
vegetationtypes.The numberof steps in the key before a type is
identified,i.e. an outlet is reached, varies from 1 to 10 (more
usually8-10) and at each step there are from 5 to 10 indicators that

need to be checkedto calculatethe indicatorscore for that step. The
indicatorspeciesare listedin two columns,negativeon the left and
positiveon the right,with the speciesnames in alphabetical order
(not accordingto their power to discriminatebetween the two sides of
the division).Below this, the divisionthresholdscore is given in
the form of score X or less (negativeside) or X + 1 or more (positive
side). A dashed line leads to a new step number or an outlet in the
form of a vegetationtype code name or mnemonic (see Section 7.2).

At the end of the primaryclassification,at which point there are 175
types, there is littledoubt that within-classvariationis quite low.
However, it is inevitable that re-amalgamation to produce 28
vegetationtypes does re-introducesome heterogeneity.The number of
vegetation types used is purely arbitrary but utility of the
classificationdemandsthat these be as few as possiblewithout losing
ecologicallysignificantdifferences.To what extent this compromise
between simplicityand sensitivity has been achieved can only be
ultimatelydeterminedby the user. Where a vegetationtype has several
outletsin the key it is quite common that some of these are
systematicallydifferentin an ecological sense; rather like the
sub-speciesof a species,to use a taxonomic analogy. The different
outletsof a type are usually referred to as "forms" and are
identifiedby their step number and sign, i.e. -ve or +ve. In types
where an ecologicaldifferenceis known to exist, and the nature of
the differenceis understood,it is discussedin the type description.
The classicexampleof this is Colonisttype C. Originallythis was to
have been called the "Coastal dune" type because, viewed in its
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entirety, this is what it appeared to be. However, on closer
examination,it transpired•thatonly one outlet in the key defines
what might be describedas typicalcoast:dune vegetation.This outlet
is step 75 (-ve)which, in fact, contributes153 out of the 217 (71%)
quadratsallocatedto the type - hence the overallproperties of the
type. All other outletsare to some degree atypical of coast dune
vegetation, the most extreme examples bearing no resemblance
whatsoever.Nevertheless,there is a common factor betweenthe various
forms of C that ISA has apparentlybeen able to identifyon the basis
of species composition,and this is disturbance.In the genuine coast
dune type, surfaceinstabilityand wind are the disturbing factors,
albeit a natural form of disturbance.In other outlets,there is also
disturbance,mainly in the form of cultivationbut it also involves
such things as tracks,dumping,rabbits,fire, etc., in fact anything
that can destroy,or partially destroy, the vegetative cover. The
informationin the floristicdata upon which ISA bases this unexpected
but curiously logical result is not so much the presence of
disturbancespecies,althoughthere are a range of these present, but
more the absenceof certainspecies,i.e. those species that have been
eliminated(temporarily?)by the disturbance.Again,the common factor
between the genuinecoast dune quadratand the disturbance situation
is that the number of (common)speciesis low. Theremay be an added
selectionof disturbancespecies present but, because these are so
variable,they do not providea reliable means of identifying this
condition. Interestingly, Duneland type D3, semi-stable dune
grassland,has a similar intrusionof about 25% of rather aberrant
quadrats.The aberrantquadratsof D3 are isolatedby step 69 (-ve),
which, in fact, is the "nul" path throughthe key, i.e. the path taken
if no indicatorspeciesare present. Again, this is a disturbance
phenomenon,where missing speciesare the common factor. These two
exampleswill be discussed in more detail later in this section.

In general,a vegetation classification, with the characteristics
describedabove, providesa very good accountof the common vegetation
types on the sites surveyed,i.e. the Duneland,Grasslandand Colonist
types.Where it is less sensitiveis with the vegetation types that
occupy marginal habitats and, in particular, the Peatland and
Marshlandtypes. The problemhere is two-fold; insufficient quadrats
to define the types and somewhat biased, or even incomplete,
informationon the range of variation.The types that make up these
two familieswould probablybe rather unsatisfactory when considered
in the contextof a wider investigationof their particular habitat
type. Despitethe rather small sample of brackish habitats, the
Saltmarshfamily is probablyreasonablysatisfactory as the species
compositionand range of variation in this habitat are much more
limited.

Finally,before proceedingto full descriptions of the vegetation
types, it is necessaryto explain how interpretationof the types was
approached.The surveymethod (see Handbookof Field Methods)included
the collection of a wide range of information to assist in
understandingboth the site and vegetationtypes.This informationcan
be divided into six main categories.

1. Floristicdata - speciesfrequency, cover and dominance of
vascular plants, frequency and cover of bryophytes and
lichens.Includedin this categoryare data on non-vegetative
cover,e.g.'sand,rock, etc. There is also some informationon
vegetationstructure,e.g. height and quantity of the main
life-forms.
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Bioticdata- frequencyof grazing animals such as sheep,
cattle,rabbit,etc.,as evidencedby droppingsand other
signsof theirpresence.Therearealsoestimatesof grazing
intensity.

Land-useand humandisturbancedata- informationon various
typesof land-usesuchas fences,wall,pathsand a widerange
of otherartefactsincludingcultivation.

Environmentaldata- informationon aspect,slope, elevation,
distancefromsea,etc.

Soildata- informationon soiltypes(seebelow).

Distributiondata- mapsof distributionof vegetationtypes
withinsitesand alsotheirdistributionround the Scottish
coast also provide valuable informationon the various
vegetationtypes.

The onlyone of thesecategoriesthatreallyneedsfurtherexplanation
is the soildata. Because edaphic factors are thought to be so
importantin understandingcoastalvegetationand becausesummariesof
individualsoilcharacteristics,e.g.substratetype,colour,wetness,
etc.at a particulardepth,provedto be singularlyuninformative,it
was foundnecessaryto produce a simple soil classification.This
classificationis basedon attributedatarecorded for a relatively
shallowsoilpit (up to 40cmdeep)dug at the centreof each quadrat.
Soilsampleswerealsotakenbut thesehavenot beenworkedon at the
presenttime.Section9 of thisreportcontainsan accountof how the
soilclassificationwas producedand is followed,in turn, by a
descriptionof the various soil types and a table showing their
relationshipwiththe vegetationtypes(Table6).Theseare the soil
typesthatare referredto in the vegetationtypedescriptions.

7.2 Nomenclature

Thusfar the vegetationtypeshaveonly been referred to by their
familynameand a letter/numbermnemonicderivedfromthis, e.g. D1,
G3,M2, etc.However,evenwith familiarity,this system does not
providea readymentalpictureof the vegetationtype referred to -

something that most ecologists seem to require. In order to try and

assistthe usera seriesof brief,descriptivenameshavebeenderived
usingwhat is thoughtto be themost characteristicfeature of the
typein question.However, it should be emphasizedthat any name short
enough to be of general use is at best an oversimplificationfor what
is, by its very nature, a complex entity. The naming of vegetation
types by dominants,traditionalin British ecology, is not only a
great simplificationbut it may also be ecologicallymisleading. Many
dominants are wide ranging species, relatively insensitive to
environmentalconditions(whichis why they are wide ranging in the
first place). In other cases, dominance may be a rather ephemeral
feature or it can be be largely an artifact as a result of human
activity,e.g. the effects of grazingand burning.For these reasons
we reject the use of dominanceas the sole basis for nomenclature but
prefer instead to use a combination of habitat, growth form and
structureand edaphic characteristics,followedby a list of the most
common dominantsin the type. Some attempt has been made to keep the
names consistentbut this has proved to be quite difficult with some
of the less common types.
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The best approachwhen using numericalclassificationis to use the
names only as convenientlabels.The name,itself cannot be relied on
to describethe type in such a way that it can be immediately
identifiedin the field. Accurateidentificationcan only be achieved
by use of the key (or similar device), although experience of the
classificationwill quicklylead to familiarity with the commoner
vegetationtypes. Care should, however, be taken not to jump to
conclusionson the superficialevidenceof appearance, i.e. dominant
species and structure,of a sample for it is the total species
complement that determines the type. It is very easy to get
over-confidentand fail to observe what is really there or use the key
itself carelessly.In our view, "instant" recognition of coastal
vegetationtypes, i.e. identification without careful recording of
speciesalliedwith some formal method of using this information,
according to a sensitive ecological classification is a near
impossibility- such is the inherentcomplexityof the problem.

As far as naming the types in the text of this report is concerned,
the conventionthat has been adopted is to give the family name a
capitalletter,e.g. Bare ground or Duneland,whilst the names of the
types within the familyare representedin lower case throughout but
they always appear with theirmnemonic,e.g. semi-stableduneland D3,
acid, wet grasslandG7. There are thereforetwo ways of specifying.a
given vegetationtype, e.g. base-richdunelandD3 or Duneland (type)
03, colonizingcommunityC or Colonist (type)C, where the inclusion
of the word "type" is optional.In context,a vegetationtype may also
be referredto by its mnemonic alone, with or without the prefix
"type",e.g. D4 or type 04.

The extended vegetation type name can also be supplementedby a list
of the threemost importantdominants,i.e. the three species which

most commonlyoccur with a cover of 10% or more. A list of dominants
is appendedto the name in order of importance but if the overall
frequencyof the species in the type is less than 50% then the name is
enclosedin brackets"0". For example,semi-stabledune grassland D3
is dominatedby Ammophilaarenaria,which is a dominant in 57.3% of
quadratsand has an overall frequencyof 70.5%, followed by Festuca
rubra (51.8%and 82.2%) and Poa pratensis (8.1%and 76.8%).Thus these
three speciesappearafter the type name for 03 with no brackets. By
contrast,acid, damp grasslandG2 has the dominants Festuca rubra
(53.5%and 74.7%),Festuca ovina (23.2%and 49.5%) and Anthoxanthum
odoratum (21.2%and 76.8%)and here Festuca ovina is enclosed in
bracketsbecause its overall frequencyis less than 50%.

7.3 Introductionto VegetationType Descriptions

Figure 2 shows the hierarchyproducedby the secondary(re-allocation)
classification,from which the vegetationtypes and familiesof types
are derived.The familiesare numberedfrom left to right on this
diagramand the types within families are treated in like manner.
Althoughthe order of types within a family can usuallybe used as the
basis for the type descriptions(the exceptionto this is the Duneland
family),the familiesthemselvesdo not occur in a convenient order
(indeed,there is no reasonwhy they should).It has, therefore, been
necessaryto deal with the familiesin a different order. The main
reason for this is that, for at least part of the classification,
there are strongsuccessional relationships between the types and
families.Even where the relationshipis not successional, there are
usually underlyingenvironmentaltrends,such as increasingwetness of
the soil or acidity,and it is convenientto follow this in describing
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thetypes.

Followingthe taxonomicanalogy,it has been possible to amalgamate
the sevenvegetationtypefamilies into three higher level groups
basedon thetypeof habitatwhichtheyoccupy.The three"orders",as
theymightbe termed,are constitutedas follows.

Non-maritimetypes - Bare ground, Colonist, Duneland,
Grassland,Peatland.

Typesinfluencedby freshwater- Marshland.

Maritimetypes- Saltmarshand Foredune.

A diagramshowingthe putativerelationshipbetweenthe families and
typeswithinthemaccompanieseachof these three orders (Sections
7.4,7.5and 7.6).

Firstof all,to clearup one looseend,therewerefour quadrats in
thesurveythatwereso extraordinarythattheywereconsideredto be
unclassifiable(theyaremarkedon themapsin the Site Dossiers as
"U"- unclassifiable).Thereis littlevirtuein discussingthem in
any detailbut,justto illustratethe point,i.e.justhow peculiara
quadrathas to be to be unclassifiable,there follows a rough
descriptionof the fourquadrats.One (Breckin,quadrat9) was on the
shallowedgeof a lochwith only one species present, Potamogeton 
filiformis.Another(Sheigra,quadrat36)was in a boulderfield near
to-theshorewithSedum rosea as the onlyspeciespresent. The third
(SpeyBayCentral,quadrat13)occurredin a riverinesituation,with
the unusualcombinationof Pol onumcus idatum,S h tum tuberosum,
Im tiens landuliferaand Cal ste ia se ium as the only species
present.The lastunclassifiablequadrat(Tyninghame,quadrat 9) was
locatedon a rubbishdump and containedonly one barley seedling
(Hordeumsp.) and a potatoplant(Solanumtuberosum). If applied to
thekey,all thesequadratswouldworktheirway through to Duneland
D3 (step69 (-ve))on a successionof zero indicator scores. This
would not have been a wholly unsatisfactoryresult because,as will be
seen later, a number of quadratssegregatedby this route are also
somewhataberrantbutto a muchlesser degree than those described
above.



7.4 Non-MaritimeVegetationTypes

Figure 3 shows the putativerelationships between the families and
types. Firm relationshipsare indicatedby double, solid lines, rather
less well established relationships by single, solid lines and
speculativerelationshipsby broken lines. The inclusionof an arrow
indicatesthat the relationshipis thought to be at least partly
successionaland the arrow points in the directionin which the change
is thought to occur.The supposedfactor, or factors, underlying the
change are also indicatedon the diagram.

The diagram has been constructedfrom a range of evidence, species
compositionand ordinationsbased on species composition being one
importantsource.Both frequencyand cover of species provide useful
evidence,as does other relatedinformationabout bryophytes,lichens,
bare sand and certainspecializedcover types, e.g. water or saltmarsh
mud. Because the relationships contained in the vegetation
classification are so complex (cf. bryophyte and soil
classifications),it has been necessary to do a whole series of
ordinations,progressively excluding parts of the full range of
variationin order to "unravel"the true relationships.This has been
particularlyimportantin gaining some understanding of the types
within the Duneland (D) family and their relationship with the
Grassland (G) family.As has already been noted, these two families
compriseover 75% of coastalvegetation.

In additionto being numerically most important, the Duneland and
Grassland families can be said to occupy the non-specialized habitats,
where managementand land-useare likely to have the most effect. They
are also locatedwhere such activitiesare most likely to occur, i.e.
most arable land-usetakes place in areas where the more stable parts
of the Dunelandfamily or the Grassland family are the dominant
vegetationtype.

Other sources of evidenceas to the relationship of the vegetation
types include the soil classification(pedogenesis is the basis of
dune succession).The geographicaldistribution of vegetation types
round the Scottishcoast is also an importantmeans of interpretation,
e.g. the developmentalseries headed by DunelandD1 is largelywestern
and northernand that headed by D2 is eastern (see Figure 3 and the
maps accompanyingthe type descriptions).This western and northernas
opposed to eastern trend is similar to that which produced the first
divisionin the site classification (see Section 8.3.1). It is
presumablybased on the contrastbetween calcium carbonate-rich soils
allied with oceanicclimate in the west and north as opposed to acid,
siliceoussoils and a dryer,more continental climate in the east.
Other factors,particularlythose of land-use, e.g. cultivation and
grazing,and its effect on site boundaries,e.g. truncation, tend to
obscure the site classificationbecause they are also correlated with
the pedologicaland climatictrend from west to east. However, the
fact that vegetationtypes follow a similar trend to the site types
and are, to some extent, easier to understand in ecological terms
suggeststhat soils and climate are the more fundamental factors
whereas land-useand allied factorsare secondary.

Ecologicalrelationshipsand successionaltrends are discussedin more
detail in the context of describing individual vegetation types,
startingwith the type at the top of Figure 3, Bare ground B.

•
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For the sakeof clarity, the descriptionof each vegetationtype
beginsat the topof a new righthandpagewithitsmap of geographical
distributionand relatedtableopposite.Eachmap shows the location
of the 94 sitesthatweresurveyed.Superimposedon thisare numerical
symbolsrepresentingtheproportionof a given vegetationtype that
occursin a site (weightedfrequency).Thequantitativedefinitionof
thesesymbolsis as follows:

* - nonepresent(sitelocationonly)
1 -
2 - 5-10%
3 - 10-20%
4 - 20-40%
5 - 40-60%
6 - 60-80%
7 - 80-100%

The accompanyingtableliststhesite that contain that vegetation
type.The columnlabelled"QDS."givestheabsolutenumberof quadrats
in the sitethatcontainedthe vegetationtype and that labelled
"FREQ.P givestheweightedfrequency.It should be noted that in
largesiterecordedin 1975, using a stratifiedrandom system of
sampling,it is possiblefor theweightedfrequencyto be less than
0.5%and thishas beenroundedoff to 0 (zero)in the table.
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7.4.1 B - Bare ground

These are the quadratsthat containedno vascularplants in the 25 sq
m quadrat.A proportionof quadratshave acquiredplants by the time
the 200 sq m size has been reachedand these records are included in
the species lists given at the end of the Site Dossiers. A few Bare
ground quadratsdo support some plant growth; 1.2% bryophytesand 2.4%
lichenswere recorded.

No attempt has been made to subdivide the Bare ground type, which
comprises166 quadrats (4.3%),accordingto substratetypes, although
this would have been possible.The most importantsubstratetypes are
bare sand with a frequencyof 76.5% and mean cover of 71.9%, gravel
(31.9%and 5.9%) and cobbles (43.4% and 14.5%). Lesser amounts of
boulders,with a frequencyof 9.0% and cover of 2.3%, and solid rock
(4.8%and 2.3%) are also present.In terms of actual quadrats, rather
than means, about 70% are pure bare sand with 100% cover of that
substratewhilst others are mixed deposits (mostly beaches), varying
from nearly pure oobblesthrough sand, gravel and cobble mixtures to
boulders.It is the first of these types, bure sand or with sand as
the majority constituent,that is referredto in Figure 3. Some of the
sandy quadratsare upper beachesand others are blow-outs or freshly
depositedblown sand. Their coastal nature is indicated by their
proximityto HWMST - 42% are within 10m of the sea and a further 45%
occur within the 10-50mzone. The mean distanceto the sea is 39m.
However,at the other extreme,there are a few quadratsas far inland
as the 800-1000mzone (blow-outs).The coastalnature of the type is
further exemplified by the presence of seaweed debris in 82% of
quadrats,along with a wide range of other tidal litter, e.g. wood,
metal and plastic.As might be expected,elevationis minimal, 98% of
quadratsbeing below the 50ft contour.

In terms of soil types, Bare ground B is strongly associated with
largely unaltered Beach Deposits BD1 and BD2 (together 19.3%),
immature (no humus), Sandy Cobble Soil C52 (4.8%), immature, Deep
Sandy Soils D52 and D53 (together30.2%) and Thin Soils TS1 and TS10
(together8.4%). The above types account for 62.7% out of the 96.4% of
quadratsfor which there are soil data. A further 18.7%occur on the
semi-mature,Deep Sandy Soil type D56 but this is such a common type
(1,109quadratsin the survey) that this proportion represents a
negativeassociation,i.e. there are fewer occurrencesthan would be
expected by chance.There are examplesof several other soil types but
none exceed 5%. Types DS5 and C56 do occur but these are also negative
associations.This result is more or less what might be expected for
the Bare ground type B, the soils being mostly mineral substrateswith
little or no profile development. Most of the exceptions are
influencedby saltwater,either in the form of periodicinundation or
scouring,or both.

There is a distincttendencyfor aspect, both on a local basis (as
measured on the ground with a compass) and on a more general
topographicalbasis (as interpretedfrom oontourson the OS map), for
B to be north facing, i.e. in the sector 315 to 45 degrees.These two
measuresare referredto hereafter as "local aspect" and "general
aspect",respectively.For Bare ground B, 41.6% of quadratshave north
as the local aspect and 40.4% as the general aspect. The configuration
of the ground surface is mostly plane (48.2%) or undulating simple
(44.6%) (see definitionsin Handbook of Field Methods) but a few
quadratsare quite steeply sloping,i.e. 23.5% have slopes greater
than 5 degrees.In terms of elevation,the type is low lying, 97.6%
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beinglessthan50ftOD.

For obviousreasons,thereare comparativelyfew signs of grazing
animalsin typeB. Rabbitsaremostcommon,beingrecordedin 7.8% of
quadrats,and sheepand cattleeachin 4.8%. There are no notable
humandisturbancefeaturesexceptforthefactthat4.8% of quadrats
had vehicletracksin themand 1.2%had beenin someway affected by
fire.Rubbishwas recordedin 4.2% of quadrats,an unusuallylow
figurecomparedwithnearlyall othervegetationtypes.Theabsenceof
groundcover,whichtendsto producepoorretentionof litter,may be
the key factorhere.Thereare someaquatichabitats present in the
type but,apartfromrockpool(4.8%), these only attain very low
frequencies.

The geographicaldistributionof B is verywidespread.It occurs all
roundtheScottishcoastbut by no meansin all sites. The type is
leastcommonon Southand NorthUistin theOuterHebridesand is most
common immediatelyto the north on Harris and Lewis. Another
concentrationof thetypeoccurson theeastcoast,fromthe southern
shoreof theMorayFirthand southtowardsAberdeen.The quantityof B
withina sitecan be takenas a roughmeasureof stability.In this
context,CrudenBay on theAberdeenshirecoast,with 37%of B, could
be interpretedas a mostunstablesite.However,it is knownthatthis
sitehas beenseverelycutbackby coastalerosionsince the edition
of theOS thatwas usedforsurveywas producedand it is suspected
thatthe rulesfor dealing with this type of situationwere not
correctlyobservedin thisparticularcase,i.e. some quadrats were
erroneouslylocatedbelowHWMST.Thismay haveintroduceda bias into
the resultsfor thissite.It is, nevertheless,an extremelytruncated
site,beingreducedto a fairlynarrowcoastalstrip.
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7.4..2 ColonistFamily (C)

This is the second type shown in Figure 3 and, in the normal dune

sequence,it developsdirectlyfrom Bare groundB when this takes the
form of newly depositedor exposed sandy surfaces. Other forms of
surface disturbance,e.g. cultivation,rabbitsand fire, also tend to

result in a regressionof the vegetation type to a condition that

resemblesC (or D3 or even, possibly,M1). There is just one type in
the Colonistfamilyalthough,with the benefitof hindsight,it might
have been more satisfactoryto divide it into two types (see discusion
of differentforms of C below).
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C - Colonizing communities on blown' sand .or disturbed substrate
(re-colonization),dominated by Ammophila arenaria, (Agropyron 
junceiformeand Festuca rubra)

In the case of this vegetationtype, A o ron unceiformeand Festuca
rubra have been bracketedbecause,althoughtechnicallythey are the
second and thirdmost common dominantsin C (see below),their overall
frequencyin the type is less than 50%. This means that these two
speciesare more likelyto be absent than presentin a given quadrat
of the type and it is not, therefore,really a very good descriptive
feature.It will be recalled (seeSection 7.2) that this rule has been
observedthroughoutin the namingof the vegetationtypes.

There are 217 quadrats (5.6%)allocatedto this vegetationtype which
has six outletsin the key. Step 75 (-ve) isolates the most typical

form of C (153quadrats),which is basicallythe pioneerstage of dune
succession,occurringin the dunes immediatelyadjacentto the sea or
in other placeswhere, for one reason or another, there is mobile
sand. This is the form that is generallyreferredto in the ensuing
descriptionof the type. However,it is useful to deal firstwith the
other outlets,giving a briefaccount of how they differ from the
basic form.

The group of four quadratsisolatedby step 15 (-ve) is perhaps the
most aberrantform.A wide range of species is involved in the type
and this does not include the species most typical of C, namely
Ammo hila arenaria.The commonfactor in this tyk appears to be
disturbance;two of the four quadratshad been recentlyploughed, one
was on an artificialembankmentand the fourth was situated in a

narrow gully part way down a cliff. All four quadratsoccur in sites
in the south-westof Scotland.The pair of quadratsisolated by step
71 (+ve)are also rather peculiar, being very species-rich. Again
disturbanceseems to be the factor involved and the most likely
explanationis that they are disturbedexamplesof Duneland D2 (see
later).Step 74 (-ve)isolatesjust five quadratswhich are not too
dissimilarfrom the typicalform. All these quadratscontainAmmophila 
arenaria,althoughthe cover of this species seems to be somewhat
variable,from 5-100%.The slightlyanomalousnatureof this form is
revealedin step 57 of the key where it is evidentthat this fraction
containsmore than the usual complement of species, including some
that requiremore stable conditions.However,once a few Marshland M1
and M2 quadratshave been pared off (steps 66 and 74), the form

emergesas a reasonablycoherent'group. Again, disturbance, in the
form of erosion (slumpingand marine erosion)and fire, seems to be
involved.The above variantsof C, three forms with a total of eleven
quadrats,are relativelyunimportantnumericallybut the two remaining
atypicalforms are much more important(a total of 53 quadrats).

Step 76 (-ve) isolateseleven quadrats.In terms of species complement
these are rathera heterogeneouscollection,except that all contain
Ammo ila arenaria. What separates this form from the more
conventionalcoast dune type is the presence of some additional
species indicativeof more stable conditions. In this case, the
additionalspeciescan be characterizedas being acidophilousand they
includeCallunavul ris, Erica cinereaand Em trum ni um. Rather
than being an example of within-quadrat heterogeneity, i.e. the
quadratstraddlesa sharp change in species composition, it appears
that this type resultsfrom invasion of Ammophila by these other
acidophilousspecies.It seems to occur only on rather acid substrate
and, hence, has a rather characteristic geographical distribution,



-55-

occurringin the extreme south-westand on the east coast. Step 68
(-ve)isolatesa similar,but less acid type, comprisingno less than

42 quadrats.The crucialstep in the key that divides this form off
from the mainstreamof C is step 50 (see Figure 63), where a number of
more acid.indicatingspeciessuch as A rostis tenuis and Festuca ovine
are positiveindicators.As with the form resulting from step 76
(-ve),this form has a very characteristic geographical distribution
occurringin the south-westand on the east coast (withthe exception
of 2 quadratsat Bettyhilland 1 at Reay on the north coast).

In summary,it would appear that the originalname given to the type
of "Coast dune" was not entirelyunreasonablealthough the one later
adopted,that of Colonist, is obviously more correct. It should,

however,be emphasizedthat not all colonizationis primary and that
re-colonizationapplies to an appreciableproportionof the type.

The most obvious questionthat arises from the above discussionis, is
theremore than one type of coast dune vegetation type related to
differentsubstratetypes, i.e. base-rich, shell sands as compared
with silica sands? The evidenceis not conclusivebut, at the level of
classificationwith which we are dealing here, there does appear to be
just one genuine coast dune vegetation that occurs all round the

Scottish coast on sandy substrates, regardless of chemical
composition.If this is the case, then it means that at this stage in
the successionstabilitydominatesall other environmental factors.
What at.firstmight appear to be acidic coast dune types, isolated by
steps 65 (-ve)and 76 (-ve),are seen, on closer examination, to be
rathermore stable than the typical coast dune form and are therefore
somewhatmore advancedin terms of successional development. This
hfgher successionalstatus is evidencedby the presence of species
which cannot toleratemore than minor sand movements.The forms of C
is1olatedby steps 65 (-ve)and 76 (-ve) have been placed in thew,
Colonisttype for two reasons,firstly, because they still contain
Ammophilaand, secondly,because they are relativelyspecies-poor (as
a direct result of the acidic substrate,perhaps).The combination of
these featuresis highly characteristicof Colonist type C and not of
any other vegetationtype. A decline in Ammophila and invasion by
additionalacidophilousspeciesmay result in the acid form of C
developing,more or less directly,into a Grasslandtype (G3 is the
most likely candidate)rather than into a Dunelandtype, as suggested
in Figure 3, but this would only occur on very acid substrates.

The ensuing descriptionrefers to the compositeof all six forms of
Colonisttype C and is, therefore,very heavilyweighted towards the
typicalform isolatedby step 75 (-ve).

The most commonspecies in colonizing communities C is Ammophila 
arenariawith a frequencyof 96.3%, i.e. there are only 8 quadrats of
the type that do not contain this species. Ammophila is also the
species that has the greatestcover with a mean of 19.2%.There is a
big drop to the next most commonspecies,Agro ron unceiforme, with
a frequencyof 32.7%,followedby Festuca rubra (25.3%) and 5enecio


acobaea (24.4%).Eight other species have a frequency of 10-20% -
Carex arenaria,Cerastiumatrovirens,Cirsium arvense, Galium verum,
Lotus corniculatus,Cirsium vul are, Taraxacumspp. and Thymus drucei.
After Ammophilathere is also a very big drop in cover to Festuca
rubra with 2.5%, Calluna vul aris (2.4%,but with a frequencyof only
6.9%,this being the direct result of high cover in the minority acid
forms of C referredto above), A ro ron 'unceiforme(1.4%) and Carex
arenaria (1.0%).As might be expected from the above figures, the
number of species occurringin the type is quite low; there are only
12 specieswith a frequencyof over 10%. The mean number of species
per quadrat is 6.1 and mean cover of vascular plants is 35.5%.
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Bryophytesoccur in 32.3% of.quadratswith a .meancover of 4.3% and
the equivalentfiguresfor lichens are 17.5%and 1.4%.The unaccounted
for cover is made up largely of bare sand with a frequency of 94.9%
and a mean cover of 60.2%.Only one other cover type accountsfor more
than 1% cover - cobbleswith a frequencyof 10.1%and mean cover of
1.3%.

In terms of soil types,Colonisttype C is highly associated with
immature (no humus),Deep Sandy Soils DS1 (7.8%), DS2 (25.8%), DS3
(8.3%)and D54 (4.1%)and also with immature,Thin Soil TS6 (1.4%).
Together these soil types account for 47.4% of quadrats. The residue
of quadratsoccur mainly on semi-mature,Deep Sandy Soils DS5 and D56,
althoughthe number of quadratsin DS5 (15.7%)represents a negative
association.These two types account for a further 44.7% of quadrats,
giving a total of 92.1% (out of 99.5% of quadratsfor which there are
soil data). Examinedon a separatebasis,only 12% of the soils have
any visual evidenceof humus in the top 10cm of the profile (theseare
mainly the disturbanceforms).

With the increasein vegetationcover,grazing becomesa factor in C
although,probablyas a result of the type of plants that dominate
this type, i.e. they are largely inedible,the intensity is usually
low with 42.4% of quadratswere recordedas none and 45.2% as light
(totalof 87.6%). The most common grazing animal is the rabbit
(65.0%), followed by sheep (18.0%) and cattle (14.7%). Human
disturbancewas recorded in this type, with fences in 2.8% of
quadrats,unsurfacedpaths (7.4%),spent cartridges (2.3%) and fire
(1.8%)- none of these figuresexceptional.However, it is interesting
to note that plantedmarram (a stabilizationmeasure)was recorded in
0.9% of quadrats.Rubbish was recorded from 30.0% of quadrats.

As might be expectedin what is essentially a dry vegetation type,
there is little evidenceof aquatic habitatsin ColonistC. Ditch 0.5%
and stream 1.4%are the only records.

There is no obvious preference in terms of local aspect but for
general aspect there is a slight tendency (36.4%)for Colonisttype C
to be east facing (probablya direct reflection of its geographical
distribution- see below).Only 14.3%of quadratshave a surface type
that could be categorizedas plane, 44.7% are undulatingsimple,26.7%
undulatingcomplexand 14.3%broken. Slopes are quite steep, with
59.9% over 5 degrees.In terms of elevation,87.1% are under the 50ft
contour but there are quadrats as high as the 150-200ft zone -
presumablythese are blow-outsor disturbancetypes. In contrast to
Bare ground B, ColonistC frequentlyoccurs quite well inland, only
38.2% are within 50m of HWMST (comparedwith 86.2% for 8), and the
mean distancefrom the sea is 183m (cf. 39m for B).

Colonizing communities C has quite an interesting geographical
distribution.It is least common in the Outer Hebridesand most common
on the north and east coasts.The type reaches its peak on the east
facing coast of Aberdeenshirewhere three sites, Strathbeg,St Fergus
and Don to Ythan, each containsover 20% of the type (as also does
Bettyhillon the north coast).
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7.4.3 DunelandFamily (D1-D6)

There are six vegetationtypes in this family and, for convenience,
they will be dealt with in order of their successionalstatus (not in
numericalorder) as shown in Figure 3 (with the exceptionof D6 which
does not appear becausethere are too few examples to determine its
relationshipto the other types).This family containsthe real "core"
of sand dune vegetationtypes,most of which do not extend on to
non-sandysubstrates.Numerically, Duneland is the most important
family in the survey, with a total of 1,993quadrats(51.6%)allocated
to it (D1=1,099,D2=225, D3=444,D4=159, D5=59 and D6=7). In general,
there are strong successionalrelationshipsbetweenthe types within
the family, the main underlying environmental factors being an
increasein surface stabilityand the developmentof a soil profilein
what is initiallyundifferentiated,mineral sand. Pedogenesisleads to
an increasein organicmatter in the profile and also to greater
availabilityof most nutrients (particularly nitrogen). Conversely,
free calcium carbonate,usually in the form of comminutedshell, tends
to become progressivelydepletedby leaching,and acidificationof the
soil profilemay ensue.The most extreme expressionof this processis
the formationof peat on the sand surface. This requires an acid
substrate, high water table and/or low evapotranspiration.Some
western sites apparentlyprovidesuch conditionsover limited areas.

Within the family, there is a marked dichotamy into western and
northernas opposed to eastern types (seeFigure 3) and this split is
also carried over into the Grassland family. Details of developmental
trendsand geographicaldistribution are discussed with each type.
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D3 - Semi-stabledune grassland, dominated by Ammo hila arenaria,
Festuca rubra and Poa pratensis


There are 444 quadrats (11.5%)allocatedto this vegetation type for
which there are just two outlets in the key. One of these, step 73 '
(+ve),which isolatessome 339 quadrats(76.4%of the type), is the
"genuinearticle"referredto in the name above - semi-stable dune
grassland. As might be expected, this form of the type is
characterizedby the Ammo hila arenaria (313out of 339 quadrats or
92%). By contrastthe other outlet in step 69 (-ve),with 105 quadrats
(23.6%),containsno Ammophilaat all. This is the disturbance linked
form of D3 which was referredto earlierin relationto Colonist type
C. In fact, a good name for this particularform of D3 would probably
be "re-colonist"as many quadratsallocatedto the type are just this
- re-colonizationafter disturbance.The disturbancecan be due to a
wide varietyof causes,e.g. cultivation,trampling, vehicle tracks,
fire, dumpingand, in some cases, the effectsof shade cast by trees
and shrubs.The commonfactor here is that sensitive species are
eliminated,at least temporarily,whilst some of the more persistant
ones - in whatevervegetationtype was previously present - remain,
usually in reducedquantity.What may be termed the "survivors" are
joined by a range of disturbancespecies,dependingon the particular
conditions produced and what seed is available. None of the
disturbancespecies are consistentenough to be characteristicof the
type which is, in reality,determined by absence of species. This
negativepropertyis extremelydifficultto appreciateby just looking
at species lists. In fact, the route through the key that leads
eventuallyto step 69 (-ve) is the nul pathway, i.e. an indicator
score of zero at each step leads to this conclusion,and the type is
thus seen to be determinedby a consistent lack, or conflict, of
information.The other vegetationtype which may be comparedwith the
step 69 (-ve) form of D3 are all eight outletsfor Marshland M1 (37
quadratsin all). This is a highly fractionatedtype, in which there
is invariablysome degree of wetness,but which also has disturbance
as the common factor.The differencebetweemM1 and the disturbance
form of D3 is that the soils of the former are usually much more
mature, humic and damp or wet.

The ensuingdescriptionrefers to the compositeof both forms of D3
and, as with Colonisttype C, this is heavilyweighted in favour of
the majority form isolatedin step 73 (+ve).

The most common species in semi-stabledune grassland.D3 is Festuca
rubra, with a frequencyof 82.2%.Closely similarin frequencyare Poa
pratensis (76.8%)and Ammo hila arenaria (70.5%).Also presentwith a
frequency of over 50% are Planta o lanceolata (57.9%), Senecio
jacobaea(56.3%)and Galium verum (53.4%). The number of species
occurringin this type is much increasedcomparedwith C; there are 33
specieswith a frequencyof over 10% (cf. 12 species for C) and the
total number of species recordedin the type is 327 (cf. 153 for C).
In fact, this is the highest number of species recorded for any
vegetationtype and this feature can probablybe attributedlargely to
the effectsof disturbance.A number of the species recorded in D3
occur in no other vegetationtypes and these includea proportion of
weed species,aliens and escapes. The mean number of species per
quadrat in D3 is also increasedto 15.0 (cf. 6.1 for C).

The floristicdifferencesbetween Colonist C and semi-stable dune
grasslandD3 can be usefully summarized in terms of preferential
species.The term "preferentialspecies"refersonly to the comparison
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betweentwo specifiedvegetationtypes.The rule that has been adopted
to define preferentialspecies for the vegetationtype descriptionsin
this reportis that a speciesmust occur at least twice as frequently
in the vegetationtype to which it is preferential,i.e. the ratio of
% frequencybetween the two typesmust be 2.0 or higher. A minimum
frequencyof 20% in the vegetation type to which a species is
preferentialhas been used as a cut-offpoint to exclude low frequency
specieswhich are of less interestand for which the calculationof a
simple ratio is not a reliabletest of difference.The followingtable
refers to the comparisonbetweenvegetationtypes C and D3.

PreferentialSpecies for Type C

SpeciesNames D3

No species preferentialto C.

Preferential.Speciesfor Type D3

SpeciesNames




D3

Achilleamillefolium 5.1 36.5
Arrhenatherumelatius 0.9 21.2

-Campanula rotundifolia 8.3 20.9
Cerastiumholosteoides 3.7 39.4
Cirsium arvense 15.7 34.0
Dactylisglomerate 0.9 25.5
Festuca rubra 25.3 82.2
Galium verum 15.2 53.4
Heracleumsphondylium 1.8 23.6
Holcus lanatus 7.4 33.3
Lotus corniculatus 12.9 40.1
Plantagolanceolate 5.5 57.9
Poa pratensis 9.2 76.8
Seneciojacobaea 24.4 56.3
Taraxacumspp. 11.5 33.3
Trifoliumrepens 1.8 38.5

It will be noted that there are no species preferentialto Colonist C
in the above table. This is becausethere are no species occurring in
C that show a significantdecline in D3 (thereare only four species
in C with a frequencyof 20% or over anyway - Ammo hila arenaria,
Agro yron unceiforme, Festuca rubra and Senecio acobaea). By
contrast,there is a long list of species (16) which are preferential
to semi-stabledune grasslandD3 and this is interpreted as being a
reflectionof increasedstabilityof the substrate,enabling a wider
range of species to become establishedbut without (yet) the loss of
species that were speciallyadapted to the unstable conditions that
they themselveshave helped to change.
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In terms of vascularplant covert03 is dominatedby just two species,
Ammo hila arenaria,with a mean cover of 24.9%,and Festucarubrawith

19.1%.Below this there is a sharp drop to Ulex euro aeus with 2.8%
(but only occurring in 6.1% of quadrats), Arrhenatherum elatius

(2.4%),Poa pratensis(2.4%)and Galiumverum(2.0%). Mean cover of

vascular plants is increasedin D3 (85.1%)as comparedwith C (35.5%),

the differencebeing largely attributableto bare sand (18.8%cover in
03 and 60.2% in C). Semi-stabledune grassland 03 is remarkable by
virtue of the wide range of potentialdominants(speciesthat achieve
a cover of 10% or more in at least one quadrat)that can occur in it.
In 444 quadratsthere are no less than 95 dominants(cf. 35 for C) and
60 of these occur in two or more quadrats (cf. 17 for C). This feature
of the type is thoughtto be a reflectionof the transitional status
of 03, being in an active state of colonization or re-colonization.
Basically,the type is initiatedunder conditions where there is a
high proportionof reasonablystable bare ground present and upon
which plantsmay become established without undue competition for
space.Which species are most successfulat this stage may be to some

extent a matter of chance, depending on such factors as seed
availabilityand short term climaticconditions.Initially,there may
be rapid colonization by relatively few species, some of which
temporarilyachieve high cover. As more species arrive on the scene,

the quantitiesof the initialspecies will be reduced by competition.
The culminationof this processis the transitionfrom 03 to some more
stable vegetationtype such as D1 or D2 (dependingon substratetype -
see below),in which a still largernumber of species per unit area is
presentin a reasonablestate of equilibrium,albeit a dynamicone.

The most curious, and apparently contradictory, feature of the
disturbance which is an important factor in certain forms of both C
and 03 is that it can both decreaseand increasethe number of species
present.The usual sequenceof events is that the initial effect of
most kinds of disturbance is to decrease the number of species.
However,the open conditionsand differenthabitatsthus created soon
result in an invasionof new species.At this stage the number of
speciesmay exceed that in the original,undisturbedcondition. Later
still, species that cannot compete in closed communitiesdie out and
the vegetationreturnsto somethingsimilar to what it was before the
perturbationoccurred- that is providingno permanentchange to the
habitat has taken place, i.e. total removalof humus layers or a large
change in soil depth.

Bryophytesare also on the increasein 03 as comparedwith C, with a

frequencyof 66.4% and mean cover of 4.7%. Lichens are, however,
somewhatreducedwith a frequencyof 13.1%and cover of 0.2%. Again,
bare sand is the most common non-livingcover type, with a frequency
of 58.1%and mean cover of 18.8%. Gravel (7.2% and 1.4%), cobbles
(10.8%and 2.9%) and boulders(4.7% and 0.6%) are also significant.
The presenceof undecomposedplant remains on the soil surface is also
quite a commonfeature (13.7%and 1.7%).

In terms of soil types,D3 is highly associated with immature and
semi-mature,Deep Sandy Soils. Types DS1 (2.7%), DS2 (8.6%), DS4
(3.4%)and 035 (37.6%),along with similar Sandy Cobble Soils CS1
(0.7%) and CS4 (4.1%),togetheraccount for 57.1% of quadrats. Other
common soil types are the immature053 (3.6%),semi-matureDS6 (20.3%)
and mature 057 (5.9%)Deep Sandy Soils, together accounting for a
further 29.8% (total86.9% out of 98.9%).A number of soil types are
present but are negativelyassociated(theyoccur less frequently in
the type than would be expectedby chance).These includeDS6 and 057,
mentionedabove, and also some peaty types - 953, 954, P55 and TS9. As
a more direct measure of maturity,42.6% of soils have visual evidence
of humus incorporatedin the top 10cm of the profile (cf. 12.0% for
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C).

ComparedwithtypeC, grazingis on the increase in D3, with only
19.8%of thequadratshavingno grazingrecordedin them (cf. 42.4%
for C) and 51.6%withlightgrazing(cf. 45.2% for C). A moderate
grazingintensitywas recordedin 19.1%and heavygrazingin 9.5%. It
seemsthat the nature of the vegetationstill inhibitsgrazing
intensityin thistype.The most common grazing animals are rabbit
(72.3%),cattle(30.0%),sheep(18.0%)and•deer (2.7%).Mole hills
havenowmadean appearancein 4.7% of quadrats (a sign of humus
accumulationin thesand). Human disturbanceis generallyon the
increase,withfence(5.4%),unsurfacedpath(18.7%),spent cartridge
(2.7%),fire (2.5%),plantedmarram(0.2%)and plantedtrees(2.3%).A
few quadratsexhibitsignsof cultivation- 1.4%old and 0.5% recent.
Rubbishwas recordedfrom40.3%of quadrats.

Low frequenciesof a range of aquatic habitatswere recordedin
semi-stabledunegrasslandD3, e.g. stream (1.4%), river (1.6%),
dried-upditch(1.6%)and dried-upstream(1.1%).

Thereis no obviouspreferenceof D3 forany particularlocal aspect
but,in termsof generalaspect, 64.8% face either north or east
(probablya reflectionof geographicaldistribution).Semi-stabledune
grasslandD3 usuallyoccurson sloping ground (only 13.7% are on
slopesof less than 1 degree) and the surface type is usually
'undulatingsimpleor complex(together67.3%).It is essentiallya low
elevationtype,with 90.3% of quadratsoccurringbelow the 50ft
contour.Thereis quitea widevariationin distancefromthe sea but
32.9%arewithin50m,themeandistancebeing179m (very similar to
thatforC - 183m).

The distributionof D3 is verylikethatforC, onlymoreso. It is a
widespreadtypethatis leastcommonin theOuter Hebrides and most
commonon the northand eastcoastsof mainlandScotland.Threesites,
SpeyBay (Central),LunanBay andArbroath,are composedof over 60%
of the type.By contrast,about a quarterof thesites on North and
SouthUisthavenoneof the type,e.g.Daliburgb,Stilligary(North),
Borveand MonachIsles,alsoNorthtonon Harris.
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D1 - Base-richdune grassland,dominatedby Festuca rubra, Ammophila
arenariaand Plantao lanceolata

There are no less than 1,099 quadrats (28.6%) allocated to this
vegetationtype which is by far the most common in the survey. It has
two outletsin the key; step 70 (-ve),isolatingthe majority of 938
quadrats (85.4%) of the type, and step 72 (-ve) dealing with the
remainderof 161 quadrats (14.6%). There are some differences between
the forms isolatedby these two key pathways,which diverge at step 55
(see Figure 68). The indicatorsdefiningthis step give a clue to the
nature of the difference.On the negative (majority) side are six
species typicalof the drier forms of dune grassland - Ammophila 
arenaria,Eu hrasia officinalisa ., Galium verum, Linum catharticum,
Lotus corniculatusand Luzula cam estris.These can be contrastedwith
the positiveside for which there are four species,indicatinga damp,
and possiblyslightlydisturbed,e.g. tramplingby cattle or sheep,
influence- A ostis stolonifera, Potentilla anserina, Ranunculus 
repens and Rumex crispus.Two further divisionsof the positive side
separateoff a form of damp, base-richdune grassland D4 and a few
quadratswhich are allocatedto an upper saltmarsh/dunetransition35.
These unmistakablydamper types tend to confirm the interpretation
placed on this branch of the hierarchy.The differences between the
two forms of D1 are nothing like as importantas those describedabove
for the variousforms of C and D3 and can virtually be ignored for
normal purposes.It should,however,be noted that the form of D1
isolatedby step 72 (-ve) is closely related to what is thought to be
one of the possible successional developments of this type, namely D4
(isolatedin step 64 +ve). In this context,it is also interesting to
note that the main form of D4 is isolatedfrom the main form of D1 in
step 70 using a similarset of indicatorsto step 64, i.e. the same
ecologicalinterpretationmay be placedon them. On the negative side
(D1) are Achilleamillefoliumand Ammo hila arenaria whilst on the
positiveside (D4 are A ostis stolonifera, Cardamine ratensis,
Carex nigra, H drocotle vul aris, Pin icula vul aris, Plantago 
maritima, Potentilla anserina and Sela inella sela inoides. This
parallel isolation of the different forms of closely related
vegetationtypes is,repeateda number of times in the key.-

The most commonspecies in base-richdune grassland D1 are Festuca
rubra (96.2%), Trifolium re ens (95.5%) and Plantao lanceolata
(95.5%). Elevenmore species occur in over 50% of quadrats: 80-90% -
Poa pratensis,Bellis rennis and Galium verum; 70-80% - Cerastium
holosteoides, Lotus corniculatus, Ranunculus acris and Euphrasia
officinalisa .; 60-70% - Senecio acobaea,Achilleamillefolium and
Holcus lanatus; 50-60% - Ammo hila arenaria.A total of 54 species
occur in at least 10% of quadratsand this is reflected in the mean
number of species per quadrat (speciesrichness)of 23.8 (cf. D3 with
15.0). A total of 265 species have been recordedfrom Dl.

The status of Ammophila,in just over half of the quadrats, requires
some comment.Base-richdune grasslandD1 is a fairly stable type of
dune grassland and marram grass is becoming progressively more
moribundwith time (probablyas the result of a lack of new sand
deposits).This is clearly evidentfrom the poor vigour of the species
in most of the quadratsin which it occurs. There is wide variability
in the cover conferred by Ammophila which, despite its moderate
frequency,is the secondmost importantcover speciesin D1, with 9.4%
mean cover.It is an actual dominant (10% cover or more) in 30.4% of
quadratsbut cover in individualquadratscan range from over 50% to
just a few scatteredshoots with negligiblecover. All the evidenceis
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thattheamountof Ammophilahas littleeffecton thelother species
present.

Someof thefloristicdifferencesbetweenbase-richdunegrasslandD1
and semi-stabledunegrasslandD3, fromwhichit is usually derived
(seeFigure3),are revealedin the followingtable of preferential
speciesfor the twotypes.

PreferentialSpeciesforTypeD3

SpeciesNames D3 D1

Cirsiumarvense 34.0 13.3
Dactylisglomerate 25.5 11.2

PreferentialSpeciesfor TypeDI

SpeciesNames.




D3 DI

Agrostisstolonifera




9.9 41.7
Bellisperennis




16.2 87.7
4b Carexfleece

Cerastiumholosteoides




3.8
39.4

20.4
79.4

Cynosuruscristatus




3.2 25.4
Daucuscarota




7.0 24.8
• Euphrasiaofficinalisagg. 6.5 74.6
Koeleriacristata




11.9 27.7
Leontodonautumnalis




11.7 35.6
Linumcatharticum




7.4 44.9
Loliumperenneagg.




9.5 39.4
Luzulacampestris




6.5 43.7
Polygalavulgaris




2.5 20.7
Prunellavulgaris




2.3 48.6
Ranunculusacris




11.5 74.8
Ranunculusbulbosus




6.1 21.3
Rumex acetosa




9.7 22.9
Thymusdrucei




8.1 32.8
Trifoliumpratense




0.9 40.8
Trifoliumrepens




38.5 95.5

As withthe previouscomparisonbetween C and D3, there are few
preferentialspeciesfor the parenttype,i.e.the typefromwhichthe

' otheris derived(oris supposedto be derived),in thiscaseD3. Even
thenthe twospeciespreferentialto D3 are devoidof greatecological
significance.Bothhaveonlymoderatefrequencyand probablyrepresent
themoreacidportionof D3 which later differentiatesinto D2 as
opposedto D1 (see Figure 3)1 according to substratetype. Both
Cirsiumarvenseandpactlis lomerata are less common in D1 as
comparedwithD2 and,indeed,theformer is a preferentialspecies
betweenthe two types(seedescriptionof D2 below). In the second
partof the table,the longlistof species preferentialto D1 (20
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species)can be interpreted as a reflection of increased surface
stabilityand humus contentof the soil. A number of species show a
quite startlingincreasein frequency,e.g. Bellis erennis (16.2% to
87.7%),Cerastiumholosteoides(39.4%to 79.4%), Eu hrasia officinalis
agg. (6.5% to 74.6%),Ranunculusacris (11.5%to 74.8%)and' Trifolium 
repens(38.5%to 95.3% .

Festucarubrais by far the most importantspecies conferringcover in
D1, with a mean cover of 27.6% (nearlythree times that of Ammophila).
Other specieswith relativelyhigh cover are Trifoliumre ns (5.8%),
Plantagolanceolata(5.6%),Poa pratensis(4.3%),Galiumverum (3.6%)
and Bellis rennis (3.5%).Total cover of vascularplants is 100.1%
(cf. 03 with 85.1%).Like 03, the list of potentialdominants(species
with 10% or more cover) is a long one, 98 species in all, although 25
of these only achieve dominantstatus in a single quadrat. The large
number of quadratsin the type is probablyresponsible for the wide
range of possibledominants.Bryophytesare of increasedimportancein
D1, with a frequencyof 91.9% (cf. 66.4% for 03) and with mean cover
of 10.2% (cf. 4.7% for 03). Lichens are also slightlyincreased, with
a frequencyof 27.2%and cover of 0.3% (cf. 13.1 and 0.2% for D3).
Because of the high cover afforded by all forms of plants,
non-vegetativecover is comparativelyunimportantin Dl. Bare sand is
the only significanttype, with a frequencyof 46.9% and a mean cover
of 5.2%

In terms of soil types,base-richdune grasslandD1 is probably the
best definedof all the vegetationtypes, which is useful because it
is so common. It is particularly associated with just three soil
types, all semi-matureor mature Deep Sandy Soils - DS5 (25.9%), D36
(48.8%) and 037 (14.8%). Together these three types account for a
total of 89.2% of quadrats (out of 100% for which there are soil
data). The residueof quadratsare scatteredover a wide range of soil
types, some of which representstrong negativeassociations,e.g. D53
(1.0%),052 (0.5%),CS4 (0.6%),P52 (1.5%),P53 (0.3%),P34 (0.3%)and
T59 (0.2%).As a sign of soil maturity,humus was recorded from the
top 10cm in 83.3% of quadrats (cf. 12.0%for C and 42.6% for D3).

Grazing is again on the increasein base-rich dune grassland D1 as
comparedwith the types previouslydescribed,with no grazing in only
4.0% of quadrats.Light grazingwas recorded in 35.4% of quadrats,
moderategrazing in 38.7% and heavy grazing in 21.9%. The most common
grazing animal is still the rabbit (76.6%),followedby cattle (63.3%)
and sheep (52.4%).Human disturbanceis on the increase, e.g. fence
(5.0%),tarmac road (1.5%),vehicle track (11.2%), unsurfaced path
(10.9%)and spent cartridge(2.5%).One of the more striking features
of the type is the level of arable agriculture, with 2.5% having
recent cultivation and 10.4% old cultivation. The remains of a
standingcrop were recordedin 1.2% of quadrats.Rubbishwas recorded
from 25.2% of quadrats (downcomparedwith C with 30.0% and 03 with
40.3%).This is probablybecauseD1 is predominantly a western type
and most of the sites in this region have less rubbish deposited on
them than those in the east.

There are occasionaloccurrencesof aquatichabitatsin base-richdune
grasslandD1, e.g. puddles,ruts and ditches of various sorts, but
none exceed 1.0% in frequency.

The topographicalcharacteristicsof D1 are not particularly notable.
Local aspect is neutral but general aspect shows quite a strong
preference for west (45.8%). Again, this is probably a direct
reflectionof geographicaldistribution(see below).There are a range
of slope categoriespresentbut only 25.0% of quadrats are at the
steep end of the range (5-15degrees in 23.6% and over 15 degrees in
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1.4%).Surfacetypeshowssimilarcharacteristics,with 77.5% either
flator undulatingsimple.In termsof elevation,75.4%are under the
50ftcontourbut thetypedoesextendup to 250-300ftOD in a few
cases.Distancefromthesea is increasedcomparedwithC or D3, with
a mean of 285m.Modaldistanceis 100-400m,with 54.2% of quadrats.
The idealizeddistributionof C, D3 and D1 withina siteis for them
to occurin zonesat increasingdistancefromthe sea, i.e. in the
orderlisted.In most bayheadsystems there is a central area of
instabilityandthe vegetationtypesoccurin concentriczones around
this (liketheskinsof an onion).This feature can be seen on a
numberof sitemaps (seeSiteDossiers).A goodexample is Berneray,
wherethesequenceis C, D3, D1, followedby D4 or Gl.

The geographicaldistributionof base-richdune Uassland D1 is
particularlyinteresting.It is verymucha western type, achieving
its greatestfrequencyon theOuterHebrides(with the exceptionof
Tong,whichis virtuallyall saltmarsh),Coll,Tireeand Mull. Sites
suchas Ballevulin,NorthBarra,BorveandMonachIsles are composed
of over80% of thisvegetationtype.Thetypeis stillquitecommonin
the south-west(withtheexceptionof TorrsWarren),on thewestcoast
of mainlandScotland(withtheexceptionof Redpoint)and on thenorth
coast.Of the twenty-eightsitesfromtheMorayFirthto theFirth of
Forthon the eastcoast,twentyhaveno D1 whatsoever.Onlythe three
sitesjust south of KinnairdsHead on the Aberdeenshirecoast,
Fraserburgh,Strathbegand St Fergus,containmuchof thetypeand the
probableexplanationfor thisis discussedin Section8.

Themost importantenvironmentalfactorunderlyingthe base-richdune
ghasslandtypeis thoughtto be, as the name suggests,the calcium
content(almostinvariablyshell)of the sand that constitutesthe
AL
soilparentmaterial.However,as mostshell-richsandsoccur in the
westit is difficultto separate this factor from others such as
climateand.land-usewhichare confoundedwithit.The availabilityof
soilanalyses (in particular, determinationsof free calcium
carbonate)couldhelp clarify the relationship,i.e. there would
almostcertainlybe a few low calciumsoilsin thewestand high ones
in theeast,whichwouldprovidesometestof thehypothesis.Samples
areavailablebut havenot beenworkedon at the presenttime.In the
absenceof thisinformation,it is possibleto at least infer the
relationshipfromthespeciesthatareassociatedwith the type or,
perhapsevenmore clearly,whena comparisonis made between D1 and
its easternequivalent,slightlyaciddunegrasslandD2 (see Figure
3).Discussionof thisdifferenceand therelationshipbetweenD1 and
D2 is deferreduntilafterthelattertypehas been fully described.
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D2 - Slightlyacid dune grassland,dominated by Ammo hila arenaria,
Festuca rubra and Festuca ovine


There are 225 quadratsin this type (5.8%)which is about one fifth as
oommon as D1 (28.6%).D2 has three outlets in the key; step 38 (+ve),
which isolates13 quadrats,step 71 (-ve)with 6 quadratsand step 73
(-ve)with the majorityof 206 quadrats. Clearly only the majority
outlet is reallyimportantin numericalterms.Step 3 is a crucialone
for outlet 38 (+ve),where the balance betweenacidophilous and dune
species fallsmore on the acid side so that, initially, the quadrats
that take this pathwayin the key are regarded as being more like
Grasslandor Peatlandtypes (see Figure 6A). The 71 (-ve) outlet
becomesdetachedfrom the mainstreamof D2 at step 55 in the key (see
Figure 68). This fractionof D2 is merely a rather species-poor form
of the type. To all intents and purposes the minor forms can be
ignored and D2 regardedas a pretty "pure" type.

The most common species in slightlyacid dune grassland1)2are Festuca 
rubra (87.6%),Ammo hila arenaria (85.8%), Poa pratensis (85.8%),
Carex arenaria (78.7%), Galium verum (77.3%), Lotus corniculatus
(74.2%),Senecio acobaea (70.2%)and Cerastiumholosteoides (64.0%).
Another five species have frequencies between 50-60%: Luzula 
campestris,Holcus lanatus,Planta o lanceolate, Thymus drucei and
Trifoliumre ens. This list is not all that dissimilarfrom that for
DI but the followingtable of preferential species summarizes the
differencein terms of species complement..

PreferentialSpecies for Type DI

SpeciesNames

Achilleamillefolium
Agrostisstolonifera
Bellis perennis
Carex fleece
Centaureanigra
Cynosuruscristatus
Daucus carota
Euphrasiaofficinalisagg.
Heracleumsphondylium
Leontodonautumnalis
Lolium perenneagg.
Polygalavulgaris
Prunellavulgaris
Ranunculusacris
Ranunculusbulbosus
Rumexacetosa
Thalictrumminus
Trifoliumpretense

DI

66.0
41.7
87.7
20.4
22.5
25.4
24.8
74.6
22.5
35.6
39.4
20.7
48.6
74.8
21.3
22.9
35.0
40.8

D2

16.9
8.4
29.3
7.1
1.8
5.8
2.2
15.6
3.1
9.3
6.2
5.8
10.2
4.9
8.4
4.4
2.2
0.9

41
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PreferentialSpecies for Type 02

SpeciesNames DI 02

'Agrostistenuis 12.1 36.9
Aira praecox 2.9 25.8
Anthoxanthumodoratum 9.3 28.0
Campanularotundifolia 15.1 32.0
Cirsium arvense 13.3 32.9
Festuca ovine 3.5 39.1
Hieraceumpilosella 11.6 31.6
Hypochoerisradicata 2.1 40.0
Veronica chamaedrys 8.0 45.8
Veronicaofficinalis 1.2 22.2
Viola riviniana 19.5 42.7

In this table perhapsthe most striking differences relate to the

 . species that favour D1 as opposed to 02, e.g. Bellis erennis (87.7%

in D1 and 29.3% in 32), Ranunculus acris (74.8% and 4.9%) and
Eu hrasia officinalisa . (74.6%and 15.6%).Species that are more
common in 32 as opposed to D1 are not so impressivein terms of their
high frequencyin 32 but, together,they add up to an interpretation
of increasedacidity and dryness,e.g. A rostis tenuis (36.9% in 02
.and12.1% in D1), Aira praecox (25.8%and 2.9%),Anthoxanthumodoratum
(28.0%and 9.3%), Festucaovine (39.1%and 3.5%), H ochoeris radicata
(40.0%and 2.1%) and Veronica chamaedrs (45.8%and 8.0%).

Althoughnot a preferentialspecies,Ammo hila arenariais more common
in 32 than in DI, 85.8% as compared with 56.3%. The most obvious
explanationwould seem to be greater surface stability in DI as
comparedwith 02. However,there is no clear-cut evidence of this
diffferencefrom the soil types but an increased proportion of bare
sand in 32 comparedwith D1 is probablysignificant(see below).

A total of 42 species occur in at least 10% of quadrats and 224
species have been recordedin the type. The species richness, as
measuredby the mean number of species per quadrat,is slightly less
than that.forD1, 20.6 as comparedwith 23.8.

In terms of cover, Ammophila arenaria (22.6%) and Festuca rubra
(20.3%)are by far the most importantspecies.The cover of Festuca
rubra is very similar to that for DI (27.6%)but that for Ammophilais
very much increased(cf. 9.4% for DI). Other species contributing a
significantamount of cover are Festuca ovina (6.6%), Carek arenaria
(3.2%),A rostis tenuis (2.7%), Lotus corniculatus (2.1%), Galium
verum (2.1%)and Thymus drucei (2.0%).The list of potentialdominants
(10% or more cover in a quadrat)is quite long, with 59 species having
been recordedin the type, although23 of these occur in one quadrat
only. The most common dominantsare Ammophilaarenaria,Festuca rubra,
Festuca ovina, Carex arenariaand A rostis tenuis,i.e. the same as
the high cover species.Total cover of vascularplants is 86.6%,which
is rather less than that for DI (100.1%).The difference is largely
made up by an increase in bryophytes, lichens and bare sand.
Bryophytesoccur in 96.4% of quadratswith a mean cover of 16.6% (cf.
91.9% and 10.2%for D1). Equivalentfiguresfor lichensare 50.7% and
2.7% (cf. 27.3% and 0.3% for D1). Bare sand occurs in 53.3% of
quadratswith a mean cover of 7.4% (cf. 46.9% and 5.2% for D1).

I.

I.

I.
I.

I.

I.

I.
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Compared with base-rich dune grassland D1, slightly acid dune
grasslandD2 shows comparatively poor correlations with the soil
types. There is only one highly associated type, semi-mature, Deep
Sandy Soil DS5 with 43.1% of quadrats.Other common types are also
deep sands, D56 (semi-mature)and DS7 (mature),which togetheraccount
for another 34.3% (a total of 77.4% out of 95.1% of quadratsfor which
the soil profilewas recorded).The remainder of quadrats cover a
range of the drier soil types. There are no significant negative
associations(seeTable 6).

Grazing pressurein D2 is similarto that of D1, with roughly the same
proportionof quadratsmoderatelyor heavilygrazed (58.6% for D2 and
60.6% for D1). There is a tendencytowardsheavy grazing in D2 (32.4%
comparedwith 21.9% in D1). The incidenceof grazing animals in D2 and
D1 is, however,quite different,cattle and sheep being about half as
frequentin the former - cattle 32.9% in D2 and 63.3% in D1 and sheep
27.6% and 52.4% respectively.Rabbitsare somewhatmore common in D2
(91.1%in D2 comparedwith 76.6 in D1). The level of grazing pressure
and the relativeamounts of grazinganimals recordedsuggest that the
rabbitmay be very much more important in D2 than Dl. General
observationsby surveyorssupport this view.

Human disturbanceshows an increasein D2 compared with D1 and, in
particular,unsurfaced paths are increased from 10.9% to 22.2%.
Various other featuresthat are evidence of disturbance are also
increased,e.g. armaments (0% in D1 to 3.6% in D2), fire evidence
(0.3% to 5.3%), plantedtrees (0.1% to 2.7%) and rubbish (25.2% to
43.1%).Conversely,arable cultivationis on the decrease - recent
cultivation,down from 2.5% in D1 to 0.4% in D2, and old cultivation,
down from 10.2% to 0.4%. This reflects the difference between farming
on the east coast,where most arable land is so modified that it is
not even includedin the sites, and crofting in the west, where
shiftingcultivationoccurs actuallywithin the sites.

There are virtuallyno aquatic habitats recorded for slightly acid
dune grasslandD2 and even these are in the dried-up category, i.e.
temporaryor winter wetness.

with dried-upsaltmarshpan in some part of the 200 sq m quadrat.

Topographicallythere is little to distinguishD2 from Dl. Curiously
(in view of its geographicaldistribution)there is a tendencyfor D2
to occupy south or west facing general aspects (D1 tends to face
west). Slopes are moderatewith 16.0%under 1 degree (20.8% for D1),
51.1% from 1-5 degrees (54.2%for D1) and 29.3% from 5-15 degrees
(23.6%for D1). Surface types show parallel trends, with simple
undulatingthe most common type (52.4%).In terms of elevation, 85.8%
of quadratsin D2 lie under the 50ft contour (75.4% for D1), mean
elevationfor the type being 33.2ft (43.6ftfor D1). Distancefrom the
sea is also similar to that for D1, D2r259m and D1r285m. .Modal
distanceis 200-400m,with 25.3% and 30.4% for D2 and D1 respectively.

Despite the high degree of similarity between slightly acid dune
grasslandD2 and base-richdune grasslandD1 on a number of features
(see above), their geographicaldistributionsare quite distinct. D1
is essentiallya western type whereas D2 occurs mainly on the east
coast and in the south-west.It also occurs at low frequenciesin some
sites on the north coast but is virtuallyabsent (onlyone quadrat in
Baleshare)on the Outer Hebrides, where D1 achieves its greatest
importance.Peak frequenciesof the type occur in sites on the Firth
of Forth, Dumbarniewith 31% of quadrats, Aberlady (29%), Gullane
(62%)and Yellowcraig(44%). In the south-west,Macrihanishhas 62% of
the type.
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Figure3 shows the supposed relationshipof slightly acid dune
grasslandD2 withthe othertypes'ochijegetation.Increasingstability
of thesurfaceon sandy substratesleads from Bare ground B to
ColonistC and thenceto the "parenttype" for the Duneland types,
semi-stabledunegrasslandD3.Thistypehasalreadybeendescribedin
somedetail,includingthe non-typical,disturbanceforms. It is
suggestedthatthesuccessionaltypesup to and includingD3 are more
or less "universal",i.e.theyare essentiallythe same wherever they
occurroundtheScottishcoast.Thisimpliesthatthereis a critical
or limitingenvironmentalfactorin operation.The critical factor,
which is almost certainly surface stability and, possibly,
availabilityof certainnutrients,e.g.nitrogen,is thesamewherever
it occursand tendsto overridedifferencesin otherfactors such as
climate,chemicalcompositionof the.substrateand land-use.After
typeD3, by whichstagea considerabledegreeof stabilityhas been
achieved,other factors tend to take over control of further
development.Differentfactorscomingintooperationare thoughtto be
the basisof the splitof D3 into D1 and D2.

The main cause of the divergencein developmentbetween D1 and D2 is
thoughtto be substratetype and, in particular,the content of free
calcium carbonatein the soil (normallyshell fragments).However, as
most calcium-richsands occur on the west coast of Scotlandand, to a
lesser extent, in the north, it is difficultto isolate the effects of
this factor from confoundingfactorssuch as climate and management
which also show similar east-westtrends.In the absence of chemical
determinationsfor calciumcarbonatein the sand, it is difficult to
explore this relationshipin great detail.However,a whole range of
indirectevidencecombinesto confirm the validityof this conclusion;
distributionof soil types, i.e. soils with shell visible in the
profileoccur mainly in the west, and the interpretationwhich may be
placed on the species that occur in the various types, e.g. the
preferentialspecies that distinguishD1 and D2, listed above. In
general,the vegetationtypes which are involvedin the two branches
of Figure 1 (startingwith D1 and D2) show fairly distinctive
geographicaldistributions,the lefthandbranch occurring mainly in
western and northernScotlandand those on the right occurring mainly
in the east. The floristic difference between all these types is
largely based on the proportion of basophilous and acidophilous
species.The hypothesisthat calcium carbonate in the sand is the
decisivefactor (moreimportantthan climate) is supported by the
presenceof an outlier of D1 in the three sites just south of
Fraserburghon the east coast (Fraserburgh,Strathbegand St Fergus).
This is an area of low rainfallbut there is some evidenceof the sand
in the region having a moderate calcium carbonate content. Three other
siteson the southernhalfof the eastcoastalsocontainfairamounts
of D1 - Arbroath 17%,Dumbarnie 10% and Yellowcraig11% - whilst the
interveningsites containnone at all. This could again be the result
of localizedsources of calcium carbonate.Only analysis of the soil
samples can confirm or refute this theory (see also discussion in
Section8). In the twelvesiteslocatedin theMorayFirth, with its
acid,siliceoussandsand gravels,therearejustfourquadratsof D1
(CoulLinks 1 and Dornoch 3). Conversely,in the twenty-ninesites in
the Outer Hebrides,with its predominantlywhite shell sands, there is
just one quadratof D2, (Baleshare)as alreadynoted.

It is obvious from the above discussionthat D1 and D2 representparts
of a continuousrange of variationand, therefore, that there must
inevitably be borderline types. The species composition and
preferentialspeciesshow the nature of this trend. If the explanation
of how the types are determined,advancedabove, is correct then it
follows that there must be some soils of intermediate calcium
carbonatecontentwhich, on leaching,undergoa change in vegetation

I.

I.

I.

I.
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typefromD1 to D2.Hencethe singlesolid line from D1 to D2 on
Figure3. The reversedirectionseemsunlikely.The co-existenceof D1
and D2 on the same site can be explained by leaching and
non-uniformityof thesubstrate(eithertheoriginaldepositor as a
resultof secondarywindsorting).
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D4 - Damp, base-richdune grassland,dominatedby Festuca rubra, Carex
pigra and A ostis stolonifer

There are 159 quadrats (4.1%) allocated to this type which is
representedin Figure 3 as being a development from base-rich dune
grasslandDI. The underlyingcause of this developmentis thought to
be an increasein humus in the profile and wetter soil conditions.
This is partlya successionalrelationship,in the sense that. at a
given point on the groundD1 can change to D4 with time, but there is,
however,a good deal of evidencethat D4 is ratherdifferent from DI
in terms of such featuresas local topography and water relations
(depthto water table).To what degreethe relationshipis regardedas
successionaldependson whether one considersfactors like deflation
of the dune surface to be a successionalprocess.In more conventional
terms,D4 can be regardedas a dune slack vegetationtype, in that it
tends to occupy the flatter,low-lyingground between or 'behind the
dunes. The vegetationtype seems to be the same regardless of the
exact process by which the habitatit occupieswas formed.

Damp, base-richdune grasslandD4 has two outlets in the key. The
first of these, step 64 (+ve),isolates 42 quadrats and the other
step, 70 (+ve),isolates 117 quadrats.These outlets closely parallel
the two outletsfor D1, from which they directlystem (see Figure 63).
The interpretationof the two forms of D4 is, therefore, similar to
that given for Dl. The form originatingfrom step 64 (+ve) is somewhat
wetter and possiblyslightlydisturbedcomparedwith the more common
form originatingfrom step 70 (+ve).

The most common speciesin D4 are Festuca rubra (96.2%), Trifolium
repens (93.1%), A rostis stolonifera (89.9%), Planta o lanceolata
(87.4%),Poa pratensis (87.4%), Ranunculus acris (84.9%), Holcus
lanatus (84.3%)and Lotus corniculatus(82.4%).A further 13 species
have frequenciesof over 50 : 70- 0 - Bellis perennis, Euphrasia
officinalisagg., Cerastiumholosteoides,Callum verum and Prunella 
vulgaris; 0-70% - Potentilla anserina and Linum catharticum; and
50-60%- Carex nigra,Senecio acobaea,Trifolium ratense, Leontodon
autumnalis,Plantagomaritimaand Carex arenaria.There are a total of
63 species having a frequency of over 10%. The total 'species
complementis high, with 233 specieshaving been recordedfrom the 159
quadratsin the type. As the total number of species increases with
number of quadrats,this is probablymarginallyricher than D1, with
265 species from 1,099quadrats.

At first sight the specieslist for D4 appears to be quite similar to
that for D1 but the following table summarizes the floristic
differencesin terms of preferentialspecies.

PreferentialSpeciesfor Type D1

SpeciesNames D1 D4

Ammophilaarenaria 56.3 22.6
Cerastiumatrovirens 25.0 11.3
Heracleumsphondylium 22.5 7.5

SI
Taraxacumspp. 32.5 15.7
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Thalictrumminus 35.0 10.1

PreferentialSpecies for Type D4




Species Names D1 D4

Agrostis stolonifera 41.7 89.9
Cardaminepratensis 1.5 25.8
Carex flacca 20.4 45.3
Carex nigra 16.2 57.9
Carex panicea 3.9 20.8
Coeloglossumviride 7.7 22.0

.Hydrocotyle vulgaris 0.5 23.3
Dactylorchisspp. 5.7 22.6
Juncus articulatus 1.2 33.3
Ophioglossumvulgatum 1.3 21.4
Plantagocoronopus 9.0 20.1
Plantagomaritima 9.4 54.1
Potentillaanserina 13.0 64.2
Selaginellaselaginoides 1.0 25.8
Vicia cracca 9.4 27.7

The species that are preferentialto D1 are generallyless informative
than those for D4. Preferentialto D1, and decliningin D4, are such
dune,speciesas Ammo hila arenaria,down from 56.3% to 22.6% (96.3% in
C'ahd 70.5% in D3) and Cerastium atrovirens (25.0% to 11.3%). The
increasein wettness in D4 is indicatedby a decline in Thalictrum
minus, down from 35.0% in D1 to 10.1% in D4. Species that are
preferentialto D4 are much greater in number and interest. In
general,they indicatean increasein humus and wetter conditions in
the soil, e.g. the three speciesof Carex. The most characteristic
species preferentialto D4 are A rostisstolonifera(up from 41.7% in
D1 to 89.9% in D4), Carex nigra (16.2%to 57.9%), Planta o maritima
(9.4% to 54.1%) and Potentillaanserina (13.0%to 64.2%).

Damp base-rich,dune grasslandD4 is species-rich,with a mean of 28.9
species per 25 sq m quadrat (so is D5 with 28.5) and is only exceeded
in this feature by acid, damp grassland G2 with 31.0 species per
quadrat.As well as being species-rich,D4 also provides the habitat
for quite a large number of less common species or local species (the
type of species that are summarized in Section 5.1.4 of the Site
Dossiers)such as Primulascotica on the north coast. Other species
quite commonly occurring in D4 are Coelo lossum viride (22.0%),
Dact lorchis s . (22.6%),Gentianellaarmarella (11.9%), Gentianella
campestris(7.5%) (plus 1.3% of Gentianella identified to generic
level only), Listera ovata (4.4%), 0 io lossum vul atum (21.4%),
Parnassia alustris (8.8%)and Tri lochin palustris .3 .

In terms of cover,D4 is dominatedby Festuca rubra with 21.9% cover
(cf. D1 with 27.6%),followedby Carex nigra 7.2% (less than 0.5% in
D1) and A rostis stolonifera 6.6% (2.6% in D1). Other species
contributingover 3%cover are Trifoliumre ens, Potentilla anserina,
Bellis rennis, Holcus lanatus,Plantao lanceolata, Poa pratensis
and Carex flacca.The list of potentialdominants (cover of 10% or
over in a quadrat)is long with a total of 58 species (20 in one
quadrat only). As might be expected,the same top cover species are
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also the common dominantsand Festuca rubra has 10% or more cover in
74.2% of quadrats.

Mean cover of vascularplantsat 99.1% is very similarto that for DI
(100.1%).Bryophytesoccur in 95.6% of quadratswith a mean cover of
9.3%. Similarfigures for lichensare 29.6% and 0.2%. Bare sand occurs
in 35.8% of quadratswith 2.3% cover.The only other non-vegetative
cover type of interestis freshwater,occurringin 7.5% of quadrats
with a mean cover of 1.4%.

There are quite high associations between damp, base-rich dune
grasslandD4 and the soil types. Highly associated with D4 are
semi-matureand mature Deep Sandy Soils DS6 and D87 (together 66.7%),
Thin Soils TS1 (withhigh water table, 3.1%) and wet Peaty Soil P83
(6.3%).Togetherthese four types accountfor 76.1% (out of 100%) of
quadrats.Semi-mature,Deep Sandy Soil D55 accountsfor a further 9.4%
but this is in fact a negative association. In total, peaty soils
occur in about 10% of quadrats.The main emphasisis on damp to wet,
humus-richsoils, often with a high water table.Many quadratsmay be
floodedin winter but that is not a featurethat can be determined by
a one visit survey carriedout in summer.

Grazing pressurein D4 is somewhatgreaterthan that on DI or D2, with
65.4% being moderatelyor heavilygrazed (cf.DI with 60.6% and D2
with 58.6%).Cattle were recordedin 66.0% of quadrats,sheep in 39.6%
and rabbits in 78.6% (figuresthat are fairly similarto those for D1
with 63.3%, 52.4% and 76.6% respectively)

Human disturbanceis at a moderate level, with fences in 8.8% of
quadrats,vehicle tracks (13.2%), unsurfaced paths (8.8%), recent
cultivation (0.6%) and old cultivation (5.7%). No fire evidence was

found in D4. Rubbishwas recorded from 24.5% of quadrats, fairly
typicalof a vegetationtype with a predominantlywestern distribution
(see below).

Comparedwith the Dunelandtypes previouslydescribed,damp base-rich
dune grasslandD4 containsa fair range of aquatic habitats,e.g. rut
(2.5%),ditch with standingwater (2.5%), loch (1.9%), ditch with
flowingwater (1.9%),stream (3.1%), dried-up rut (2.5%), dried-up
ditch (2.5%)and dried-upstream (1.3%).

Topographically,damp, base-richdune grasslandD4 tends to be fairly
flat, 84.9% of quadratshaving slopes less than 5 degrees. Similarly,
76.6% of quadratswere recordedas being of a surface type that is
either plane or simple undulating.The minorityof quadratswith steep
slopes or more complexsurface types are largelyexplicableby quadrat
position,i.e. those locatedat the edge of a flat area and including
some peripheralslopingground.There is a tendencyfor D4 to have an
easternor southernlocal aspect.General aspect shows that 60.4% of
quadratsface west but, in view of the relativeflatnessof the type,
this is probablyjust a reflectionof a slight slope towards the. sea
that usually forms the western boundaryof the site because of the
geographicaldistributionof D4 (see below). When determining the
general aspect of a quadraton the OS map, absence of relevantcontour
lines was interpretedas beingan aspect in the directionof the open
sea. The majorityof quadratsare low-lying,with 84.9% under the 50ft
contour.A minority'occurat greater elevation (up to 400-450ft),
presumablyas the resultof localized edaphic conditions. Distance
from the sea is rather greater than for DI or D2 with a mean of 367m
(about 100m greater than DI or D2). This is probablya reflection of
the more inland locationof deflationsurfaces.
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In termsof geographicaldistribution,D4 is a predominantlywestern
type,reachingits peakon theOuterHebrideswhereStilligary(North)
(21%),LochBee (19%),Baleshare(27%),Berneray(27%),andUig (20%)
are siteswitha notableproportionof this vegetationtype. It is
alsoquitea commontypeon theInnerHebrides(Coll,Tireeand Mull)
and on thenorthcoastandOrkney.Onlyfivesiteson the east coast
containquadratsof thisvegetationtypeand it is notablethat, with
one exception,theseare thesamesiteswhichalsocontainoutliersof
D1, discussedearlier.This is taken as further evidence of the
presenceof isolatedpatchesof calciumcarbonaterich sand on the
eastcoast.

In conservationterms,damphase-richdunegrasslandD4 may be quite
an importanttypecontaining,as it does, a wide range of species
includingsomeof therareror localones.It is also a vegetation
typethatis vulnerableto disturbancein the form of drainage or
enrichmentby fertilizers.Thereis some evidence that it may be
favouredfor cultivation(butnotas muchas D1) but it wouldprobably
be necessaryto drainas wellforlastingresults.In thisrespect it
is similarto slightly acid, damp grassland61 (see description
below).
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D5 - Wet, slightlyacid dune grassland,d6minatedby Holcus lanatus,
Festuca rubra and Agrostis tenuis

It is temptingto regardwet, slightlyacid grasslandD5 as simply a
wetter derivativeof D4. This may indeed be a possible developmental
sequencebut the greateracidity that is indicated by some of the
speciesand differencesin some of the environmental factors that
pertainto the type suggest that, at least in part, D5 can develop
withoutgoing throughthe stage of D4. One further piece of eVidence
is found in the geographical distribution of D5 which is quite
markedlydifferentfrom that of D4 (see below).

Wet, slightlyacid dune grasslandD5 is not a particularly common
type, with only 59 quadrats (1.5%).The type has two outlets in the
key; steps 27 (-ve)and 36 (-ve),which isolate 48 and 11 quadrats
respectively.There is no reason to suppose that there is any real
differencebetweenthese two outlets,except that 36 (-ve) may be
marginallywetter than 27 (-ve).It is worth noting that D5 (like D6
to be dealt with next) does not follow a similar pathway in the key to

.the other Dunelandtypes (DI, D2, D3 and D4) describedso far; these
follow the common steps of 1 (-ve),2 (-ve), 3 (+ve)and 42 (-ve) (see
Figure 6). Types D5 and D6 diverge at step 3 (going negative). The
implicationsof this are clear from the negative indicators which
define step 3 - Agrostis tenuis, Anthoxanthum odoratum, Calluna
vulgaris,Carex nigra, Festucaovina, Potentilla erecta and Succisa
pratensis- namely some degree of acidity.With the exceptionof part
of D6, they then pass throughsteps 4 (-ve) (avoidingthe extreme acid
types) and thence to step 5 (+ve). From this it may be concluded that
D5 and D6 representthe more acid part of the range contained in the
Dunelandfamily of types.

The most commonspecies in D5 are Holcus lanatus (93.2%), Trifolthm 
repens (89.8%),Festuca rubra (84.7%)and Planta o lanceolata(83.1%).
Ten other specieshave frequencies of over 50% and these include
severalwhich indicate mildly acid conditions, e.g. Anthoxanthum 
odoratum (76.3%),Rumex acetosa (76.3%), A rostis tenuis (66.1%),
Cirsium arvense (52.5%)and C nosurus cristatus (52.5%). The type
contains72 specieswith a frequencyof 10% or over and a total of 232
specieswere recorded.This is a large number of species for a
vegetationtype for which there are only 59 quadrats.D5 is similar in
species richnessto D4, with a mean number of species per quadrat of
28.5.

The differencein species complement between damp, base-rich dune
grasslandD4 and wet, slightlyacid dune grasslandD5 is summarizedin
the followingtable of preferentialspecies.

PreferentialSpeciesfor Type D4

SpeciesNames D4 D5

Ammophilaarenaria 22.6 0.0
Carex arenaria 50.9 5.1
Carex nigra 57.9 18.6
Carex panicea 20.8 5.1
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Coeloglossumviride 22.0 1.7

Dactylorchisspp. 22.6 5.1

Daucus carota 20.1 6.8

Euphrasiaofficinalisagg. 78.6 13.6

Galium verum 75.5 8.5

Hydrocotyle*vulgaris 23.3 1.7

Linum catharticum 61.0 10.2

Lotus corniculatus 82.4 28.8

Ophioglossumvulgatum 21.4 0.0

Plantagocoronopus 20.1 1.7

Plantagomaritima 54.1 10.2

Polygalavulgaris 26.4 3.4

Selaginellaselaginoides 25.8 1.7

Senecio jacobaea 57.2 6.8

Thymus drucei 28.3 8.5

Vicia cracca 27.7 13.6

PreferentialSpecies for Type D5

SpeciesNames D4 D5

Agrostistenuis
Angelicasylvestris
Anthoxanthumodoratum

Cfl Arrhenatherumelatius
Centaureanigra

al Cirsiumarvense
Dactylisglomerata
Filipendulaulmaria
Heracleumsphondylium
Juncus effusus
Rumex acetosa
Sagina procumbens
Stellariamedia
Succisa pratensis
Urtica dioica
Veronicachamaedrys

	

7.5 66.1

	

4.4 25.4

	

11.3 76.3

	

5.0 25.4

	

11.3 33.9

	

11.3 52.5

	

6.3 44.1

	

6.9 32.2

	

7.5 27.1

	

1.3 28.8

	

20.1 76.3

	

13.2 35.6

	

5.7 20.3

	

7.5 22.0

	

1.9 20.3

	

2.5 20.3

The declineof dune type species is now well advanced in D5, e.g.
Ammo ila arenariadown from 22.6% to 0.0%, Carex arenaria (50.9% to

5.1%),Galium verum (75.5% to 8.5%), Linum catharticum (61.0% to
10.2%),Lotus corniculatus(82.4%to 28.8%),Senecio acobaea (57.2%
to 6.8%) and Eu hrasia officinalisa . (78.6% to 13.6%). Conversely,
the species that show increasedfrequencyin D5 as compared with D4
indicatemore acid conditions,e.g. A rostis tenuis (7.5% to 66.1%),
Anthoxanthumodoratum (11.3%to 76.3%), or wetter conditions, e.g.

. An elica s lvestris 4.4% to 25.4%), Filibendula ulmaria (6.9% to
32.2 , Juncus effusus (1.3%to 28.8%)and Succisa ratensis (7.5% to

22.0%).There are, however, minor contradidtions in the species
changes.In particular,Heracleums hond lium is increased from 7.5%
to 27.5%, yet the change from D1 to D4 was characterizedby a decrease
in this species from 22.1% to 7.5%! Heracleumis rather sensitive to
grazing,so perhaps the relaxationof this pressurein D5 (see below)
has somethingto do with determiningthe type. All this suggests is
that at least some quadratsof D5 do not develop from D4 (or that the
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developmentis highly selective).

An alternativerelationshipfor D5 is as a direct developmentfrom D1,
and the following table summarizes the difference in terms of
preferentialspecies if this is the case.

PreferentialSpeciesfor Type D1




SpeciesNames D1 D5

Ammophilaarenaria 56.3 0.0
Carex arenaria 39.9 5.1
Cerastiumatrovirens 25.0 0.0
Daucus carota• 24.8 6.8
Galium verum 82.3 8.5
Koeleriacristata 27.7 6.8
Linum catharticum 44.9 10.2
Lotus corniculatus 76.2 28.8
Polygalavulgaris 20.7 3.4
Ranunculusbulbosus 21.3 3.4
Senecio jacobaea 66.8 6.8
Thalictrumminus 35.0 1.7
Thymus drucei 32.8 8.5
Euphrasiaofficinalisagg. 74.6 13.6

PreferentialSpecies for Type D5

SpeciesNames D1 D5

Agrostistenuis 12.1 66.1
Angelicasylvestris 1.1 25.4
Anthoxanthumodoratum 9.3 76.3
Arrhenatherumelatius 12.6 25.4
Cardaminepratensis 1.5 30.5
Cirsiumarvense 13.3 52.5
Cynosuruscristatus 25.4 52.5
Dactylisglomerate 11.2 44.1
Equisetumarvense 6.7 23.7
Filipendulaulmaria 0.7 32.2
Juncus articulatus 1.2 32.2
Juncus effusus 0.1 28.8
Potentillaanserina 13.0 33.9
Ranunculusrepens 19.5 52.5
Rumex acetosa 22.9 76.3
Sagina procumbens 5.0 35.6
Stellariamedia 9.0 20.3
Succisa pratensis 4.7 22.0
Urtica dioica 1.9 20.3
Veronicachamaedrys 8.0 20.3
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Again,thereis a sharpdeclinein dunetypespeciesand an increase
in acid-andwet-lovingspeciesand,indeed,manyof the species are
the sameas for the change from D4 to D5. Three species that
unexpectedlyappearas preferentialto D5 in both tables are Sagina 
procumbens(35.6%),Stellariamedia(20.3%)andUrticadioica(20.3%).
The presenceof thesespeciesmay be interpretedas a sign of local

disturbanceand/orenrichmentand is probablythe result of grazing
animals,i.e.sheepand cattle,tramplingthe ratherwet surface and
depositingdung.Againstthis explanationis the observationthat
grazingpressureand animal records for D5 (see below) are very
similarto thosefor D1 andD4 buttheremay be an internal division
of thetypeintomoreand lessintensivegrazing,withthe disturbance
speciesin themoreheavilygrazedexamples.Thereis evidencethatD5
is more intensivelymanagedthanD1 and D4, i.e.frequencyof fences,
tracksand paths(seebelow).

In termsof cover,D5 is the firstof theDunelandfamily not to be
dominatedby Ammohila arenaria or Festuca rubra. Holcus lanatus
(10.9%)is the specieswith the highest cover, displacingFestuca
rubra(10.1%)intosecondplace.Of the eight most importantcover
species,onlyTrifoliumre ens (5.9%)is nota grass.In addition to
HolcusandFestuca,othergrasseswithhighcoverareA rostis tenuis
(7.3%), A ostis stolonifera (6.6%), Poa ratensis (6.4%),
Anthoxanthumodoratum(4.6%)andLoliumperenne(3.8%).Togetherthese
sevengrassescontributejustshortof 50%of thecover.Othergrasses
withappreciablecoverincludeC nosurus cristatus(2.2%),Dactylis
glomerata(2.2%),Phra itescommunis(2.0%)and Arrhenatherumelatius
(1.8%).Thisis clearlya very "grassy" vegetationtype in which
broadleavedspecieshavea comparativelyminor role. It is thought
triatsomequadratsof thetype may be the result of "gone back"
re-seeding.

Totalcoverof vascularplants is marginallyhigher than for the
previousDunelandtypes at 104.1%.Bryophytesoccur in 93.2% of
quadratsbuttheircoveris much reducedcomparedwithD1 (10.2%) to
3.3%.Lichens are also very much reducedin frequencyat 6.5% and with
negligiblecover(lessthan0.1%).Mostof the non-vegetativecover
categoriesoccurwiththe exceptionof saltmarshmud. Only two have
reallyappreciablefrequencyand cover;baresandoccursin 20.3% of
quadratswitha mean coverof 3.4% and the equivalentfigures for
bouldersare 16.9%and 2.9%.Freshwateroccursin 27.1% of quadrats
witha mean coverof 7.7%

The listof potentialdominantsis closelyrelatedto the high cover
species.Twenty-fourspecies occur as dominants(10% or more cover) in
at leasttwoof the 59 quadrats assignedto the type and a further 27

speciesoccuras a dominantin one quadratonly(total for potential
dominantsof 51 species).Potentialdominantsincludesome shrubs or

trees,e.g. Ulex europaeus,Alnus lutinosa, Rosa canina a . and
Salixcinereaa .

Wet,slightlyaciddunegrasslandD5 is not particularlywell-defined
in termsof the soiltypesit occupies.Threesoil types are highly
associatedwith D5; damp Peaty Soil P32 accounts for 15.3% of
quadrats,whilstThinSoils(peatyandwet types)T55 and TS9 account•
for 3.4%and 15.3%respectively(a totalof 34.0%).Othercommon soil
typesare semi-matureandmatureDeepSandy Soils DS5 (15.3%),DS6
(11.9%)and DS7 (13.6%)giving a total of 74.8% of quadrats accounted

for. The figureforD56 representsa negativeassociation.The common
factoris thatmostof thequadratsoccuron peatyor wet soil types.
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,x
As already noted above, grazing pressureon D5 is very similar to the
other Dunelandtypes, e.g. D1 and D4, with grazingabsent in 8.5% of

quadrats,lightly grazed 30.5%, moderately grazed 44.1%, heavily
grazed 16.9%.Cattle and sheep occur with exactlyequal frequency at
59.3% but rabbitsshow a significantdecline to 54.2% (cf. over 75% in
D1 and D4). The reductionin rabbits may be an effect of greater
grazingmanagementor possiblyit reflectsthe greater difficulty in
findingrabbit droppings(the usual evidenceof rabbits)in the taller
grass sward that is typicalof D5. In any case, rabbits do not like
grazing tall grass so it is reallya questionof the chicken or the
egg. Rabbit burrowsand scrapes (recordedseparately)are also on the
declinebut, as D5 is characterizedby being wet, i.e. rabbitsdo not
burrow in wet ground, it is again difficult to interpret this
statisticsensibly.

In terms of human disturbanceof a wide range of types,wet, slightly
acid dune grassland D5 is quite severely affected. Artificial
embankmentswere recordedin 3.4% of quadrats,with wall (6.8%),fence

(18.6%),tarmac road (3.4%),dirt road (1.7%),vehicle tracks (11.9%),
unsurfaced paths (25.4%) and infill (1.7%). There is nothing
particularlyconsistentabout these varied effectsbut it all adds up
to a high level of disturbance of one kind or another. Recent
cultivationwas recordedfrom 6.8% of quadrats and old cultivation
from 1.7%.Standingcrops occurred in 3.4% of quadrats and other
unspecifiedagriculturaleffectswere recorded in 6.8%. Curiously,
rubbish is not particularlycommon at 23.7%.

Aquatic habitatsin the form of dried-up,standingand flowing water
are quite a featureof the type, the most common being stream in 16.9%
of quadratsand river (greaterthan 2m wide) in 8.5%.

In terms of local aspect,there is a tendencyfor D5 not to face east,
whereas the general aspect tends to be west. No explanationis offered
for this feature.Slopes are generally moderate, 69.5% of quadrats
having a slope between 1-15 degrees (18.6%are flat).The surface type
tends to be plane (50.8%)and simple undulating(23.7%)- the combined
effect of deflationsurfacesand ploughing?Most quadratsof the type
are low-lying(76.3%under 50ft contour)with a mean elevationof 4.45
OD. Althoughthere are some quadratsnear to the sea (15.3% within
100m of the sea), 05 is generally located well inland with modal
distance400-600m(25.4%)and a mean value of 483m (themost inland of
all the Dunelandtypes).

Slightlyacid, wet dune grassland D5, has a curious geographical
distribution,being located in two distinctareas about as far apart
in the survey as it is possibleto get. The first of these areas is in
the south-westof Scotland,on Islay,Mull and Ardnamurchan (Calgary
Dunes contain 28% of the type) and again on the north coast (Strathy
has 14% of the type) and Shetland.The distributionof vegetationtype
D5 is quite similar to that of Site Type 3, North and West Coast
truncated,and the linkingfactor is almost certainlythe presence of
streams.Apart from the direct evidenceof aquatichabitatswithin the
confinesof the quadrat,examinationof the locationof D5 in sites
shows that other quadratsare sufficientlynear to streams and other
water bodies to be within their sphere of influence. Other quadrats
have no obviousaquatic influencebut are wet nevertheless,the reason
being undeterminedbut probablyvaried.If one had to typify D4 and 05
one would call D4 a wet slack type of vegetationand D5 a stream side
or alluvial flat type. Inevitably this generalization would do
injusticeto some examplesof the type.
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D6 - Shrub invadeddune grassland,dominatedby Festuca rubra, Ulex

europaeusand Pteridiuma uilinum

This type with only seven quadrats(0.2%)can be dealt with summarily.
In terms of its frequency,it is unimportantand there is no evidence

that it is a "rare" vegetation type dependent on a specialized
habitat.The most likely explanationof the type is that it is a

transitionalstage leading to woodland,but not woodland of any very
specifictype. This is evidenced by the presence of a number of

shrubs,e.g. Ulexeuropaeus,Rubus fruticosus, Sarothamnus sco arius
and Rosacanina,and a numberof speciescommonlyfound in woodlands,

e.g. Pteridiuma uilinum, Teucrium scorodonia, Dr o teris dilitata
Dr o teris filix-masa ., La sana communis,Oxalis acetosella,

End ion non-scritus and Lonicera ericl enum.

The most common speciesin the D6 are Poa pratensis (100%), Agrostis
stolonifera(85.7%),Anthoxanthum odoratum (85.7%), Holcus lanatus
(85.7%)and Festucarubra(71.4%).A total of 65 specieswere recorded
from the seven quadratsallocatedto the type, and the mean number of
species per quadratis 16.7.

In terms of cover,Festucarubratops the list with
closely followed by Ulex euro aeus with 20.0%.
contributinga fair amount of cover are Pteridium
Rubus fruticosusa . (8.0%), Holcus lanatus (6
tenuis 3.0 . Total cover of vascularplants is 86.

22.1% cover but is
Other

Asgpreo::::
a uilinum (9.3%),

6%.

Bryophyteswere recorded from 85.7% of quadrats with an unusually high

mean cover of 25.1%.Lichenswere recorded from one quadrat (14.3%)

with negligible cover. None of the non-living cover categories are
very importantexcept that in two quadrats (28.6%) there was a fair

amount of undecomposedlitter (21.4%cover for the type).

Shrub invadeddune grasslandD6 is strongly associated with soils
containingcobbles;five out of seven quadratsoccur on Sandy Cobble
types (C54,CS5, CS6). Other soils are semi-matureDeep Sand (DS6)and
Peaty Soil (PS1),which also tends to be rather sandy.

Grazing pressurein the type is moderateto light, with rabbit being

the most commonanimal recorded(57.1%).Sheep and cattle are uncommon
with one quadrateach (14.3%). Unsurfaced paths occur in 42.9% of

quadratsand one quadrathad been subjectedto sand quarrying.Rubbish
was recordedfrom 57.1% of quadrats.

Topographically,most quadratshave northernaspects (the geographical
distributionbelow explainsthis),slopes are moderate and surface
types either plane or simple undulating.The type is low-lying with
only one quadrathigher than the 50ft contour.In terms of distance

from the sea, there is no detectabletrend but the mean distance is
233m.

Five of the seven quadratsallocatedto the type are located in sites
on the Moray Firth, three of them in the unique site of Spey Bay

(Central)(see Section 8.4.14).The remainingtwo examples occur in
the south-west(TorrsWarren and Gruinart).Little can be concluded
about the distributionexcept that it seems to be related in some way
to shingle deposits.
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7.4.4 GrasslandFamily (G1-G7)

There are seven vegetation types in this family, the putative
relationshipsof which are shown in Figure 3 (with the exceptionof 05
for which there are too few examplesto determineits relationships).
In the case of the Bare ground B, ColonistC and the Duneland family
(D1-D6),it is suggested that the relationship contains a strong
successionalelement.In its strictestinterpretation,this means that
at a given point on the ground one type can develop into another with
the passageof time only. To what extent this occurs in practice is
not clear and could only be determinedby monitoringparticular types
over quite a long period. It seems more probable that the observed
distribution of vegetation types results from a mixture of
successionaland catenaltrends relatedmainly to pedogenesis.

An idealized site (in western Scotland) shows a characteristic
zonationof types, startingwith C (and perhapsB) near to HWMST and
changingto D3 a little furtherinland. This is followedstill further
inland by a broad zone occupiedlargely by D1 but possiblymixed with
some D4. Behind this zone, usually on rising ground, D1 gives way to
GrasslandG1 and possibly02. If there are elevated, rocky areas,
there may be localoccurrencesof the Peatlandtypes P1 and P2. The
presenceof other types, e.g. Marshland and Saltmarsh, is largely
related to the occurrenceof the specializedhabitats on which they
depend for their existence.If successionaltrendswere really active,
this zonationwould be quicklyobliteratedor would require a high
rate of accretion at the seaward edge to appear to be maintained
("appear"because the positionsof types would have changed). Some
sites are, indeed accreting,but others are eroding and what appears
to be the most common mechanismfor the maintenance of a range of
vegetationis a sort of dynamic equilibrium. As a general rule,
disturbanceand instabilityof the surface are at a maximum near to
the sea with a diminishing gradient inland or with increasing
elevation.High levels of disturbance,mainly in the form of sand
movements (at a given point there may be either a loss or gain), help
to maintainthe early successionalstages near to .the sea. Further
inland there is less disturbanceor the intervals between phases of
disturbancemay be longer. In the more stable areas, other factors
such as grazing may help suspend successional trends, e.g. the
developmentof D1 into G1. Still further inland, where little sand
movement occurs,at least at the present time, the vegetationmay have
been reasonablystable for a prolongedperiod. Indeed, the inland part
of some sites may be so littleinfluencedby blown sand that it cannot
be consideredas part of the dune system proper.

In the case of the Grasslandfamily of vegetation types, it seems
likely that they have an inherentduality of origin. Some examplesmay
representa fairly extreme end point of the dune succession (woodland
would be the true extreme)whilst other examples are of independent
origin.From a managementpoint of view, it is importantto know what
changesare possible and what factors are likely to produce a
particularchange.In the Dunelandfamily,most changes are probably
possible,some more easily than others, but for the Grassland family
changesare less likelyand more long term. The relationships of the
Grasslandtypes shown in Figure 3 are accordingly less successional
than for the Dunelandtypes and more related to underlying trends in
the environmentand, in particular,edaphic factors.
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GI - Slightly acid, damp grassland, dominated by Festuca rubra,
Festucaovine and Anthoxanthumodoratum

This is a fairlycommon type with 282 quadrats(7.3%) which has two
outlets in the key; step 26 (+ve)with 196 quadratsand step 35 (-ve)
with 86 quadrats.These two outletsare closely related in the key
(steps26 and 35 are only concernedwith separatingGI from G2) and
there is no reason to suppose that there are significant ecological
differencesbetweenthe two forms of GI (see Figure 6A). The form of
.G1 isolatedby step 26 (+ve)may be slightlywetter than that for step
35 (-ve).

The most common speciesin 01 are Festuca rubra (92.6%), Trifolium
repens (88.7%),Plantao lanceolata(87.9%), Holcus lanatus (86.5%)
and Lotus corniculatus (81.6%). Eleven further species have
frequenciesover 50%: 70-80% - Carex nigra, Ranunculus acris, Poa
pratensisand Prunella vul aris; 60-70% - Cerastium holosteoides,
Anthoxanthumodoratum,Eu hrasia officinalisa . and Bellis erennis;
and 50-60% - Leontodonautumnalis,A rostis stoloniferaand Trifolium
pratense.

This list of common species for slightlyacid, damp grassland G1 is
superficiallysimilar to that for base-richdune grasslandDI but the
followingtableof preferentialspeciesunderlinesthe differences.

.1

PreferentialSpecies for Type D1




Species Names DI GI

Achilleamillefolium 66.0 30.9
•Ammophila arenaria 56.3 7.4

Carex arenaria 39.9 17.7
Cerastiumatrovirens 25.0 5.7
Daucus carota 24.8 9.2
Galium verum 82.3 29.8
Heracleumsphondylium 22.5 7.1
Ranunculusbulbosus 21.3 8.5
Senecio jacobaea 66.8 19.5
Thalictrumminus 35.0 5.7

PreferentialSpeciesfor Type GI




SpeciesNames D1 GI

Agrostistenuis 12.1 39.4
Anthoxanthumodoratum 9.3 67.4
Carex nigra 16.2 77.3
Carex panicea 3.9 26.2
DactylorchiSspp. 5.7 22.0
Juncus articulatus 1.2 31.9
Molinia caerulea. 0.0 21.3
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Plantagomaritima 9.4 46.8

Potentillaanserina 13.0 34.8

Potentillaerecta 0.0 24.8
Sagina procumbens 5.0 20.2
Selaginellaselaginoides 1.0 21.3
Sieglingiadecumbens 1.5 34.0
Succisapratensis 4.7 42.2
Vicia cracca 9.4 28.7

Species preferentialto D1 and declining in GI are largely those
associatedwith the dune habitat.Those most characteristic of the
changeare Ammo hila arenaria(down from 56.3% in DI to 7.4% in G1);
Galium verum (82.3%to 29.8%)and Senecio acobaea (66.8% to 19.5%).
On the increasein 01, as comparedwith DI, are a whole series of
specieswhich indicatean increasein acidityand moisturecontent of
the soil. The most strikingof these are Anthoxanthum odoratum (9.3%
to 67.4%),Carex nigra (16.2%to 77.3%),Planta o maritime (9.4% to
46.8%)and Succisa ratensis(4.7% to 42.2%).

Slightlyacid, damp grassland01 is a very species-rich vegetation
type, with 70 species occurringin 10% or more of quadratsand a total
of 272 specieshaving been recordedfor the type. The mean number of
species per quadrat is high at 28.6 (similarto D4 and 05 but less
than 02 with 31.0).

The species contributingthe greatestamount of cover to 01 is Festuca
rubra (15.9%).A numberof other species have high cover - Carex nigra
(6.4%),Holcus lanatus (4.8%), Trifolium re ens (4.5%), Agrostis
stolonifera(4.1%),Anthoxanthum odoratum (4.0%), Molinia caerulea
(3.6%),Plantao lanceolate(3.4%),A rostis tenuis (3.2%) and Poa
pratensis(3.1%).In this list,grasses (for this purpose, including
Carex) have a total cover of Just over 45% comparedwith about 8% for
broadleavedspecies.This trend is continuedthroughout the rest of
the species that have a significantcover, so 01 is seen as a fairly
grassy type comparedwith most of the Dunelandtypes which have high
cover of broadleavedspecies.Similar figures for DI, listing species
down to 3.0% cover,are grasses 41.3% and broadleaved species 18.5%.
In this respect,01 is more similar to wet, slightly acid dune
grassland05, also a conspicuouslygrassy type.

In terms of potentialdominants(specieswith 10% or greater cover in
quadrat),there is a very long list,with 54 species in more than one
quadratand a further32 in one quadratonly (a total of 86 species).
The numberof potentialdominantsfor GI is only exceededby that for
1)3with a total of 95 species (many of which are the result of
disturbance).

Bryophytesare quite an importantcomponentof G1, occurringin 98.2%
of quadratsand with a mean cover of 8.1%. Lichens are much less
importantwith a frequencyof 24.1% and mean cover of 0.2%. Bare sand
occurs in 20.6%of quadrats(cf. D1 with 46.9%)and a mean cover of
1.2% (cf. DI with 5.2%).Other substratetypes were also recorded in
moderateamounts,e.g. gravel with a frequencyof 2.8% and cover of
0.1%, cobbles (6.4%and 0.5%), boulders (8.2%and 0.5%) and solid rock
(8.5% and 1.7%).Freshwateroccurs in 10.3%of quadrats with a mean
cover of 1.8% (cf. DI with 0.4% and 0.1% cover respectively). Mean
cover of vascularplants is very similar to D1 (100.1%)at 102.1%.
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Slightlyacid, damp grasslandG1 is1associatedwith a number of soil
IJ, .types,most of them with' aI(nigh/organic content or some peat

formation.It is highly associatedwith mature, Deep Sandy Soil 087
(16.7%),four of the Thin Soil types, TS1, T82, TS7 and TS9, totalling
15.3% (all of them with peaty influences),and with Peaty Soils P82
(7.4%),P33 (6.7%)and P54 (4.6%).Peaty types (including PS1) total
18.7%.Togetherthese soil types accountfor 50.7% of the quadrats
allocatedto 01. Other common soil types are semi-mature, Deep Sands
055 (6.7%) and 086 (28 4%), the former representing a negative
association.These types increasethe proportionof quadratsaccounted
for to 85.7% (out of 97.5% for which there are soil data). This
situationis in contrastto D1 which is associated with three soil
types only - 035, 086 and D57 (totalling89.2% of quadrats) with few
peaty influences.There is, however, no pedological barrier to D1
developinginto 01, but the converseis not necessarily so and some
soils recordedin 01 could never have supportedDl.

In terms of grazing pressure,slightly acid,' damp grassland 01 is
remarkablysimilarto base-richdune grasslandD1, with no grazing in
4.3% (4.0%for D1), light grazing in 37.9% (35.4% for D1), moderate
grazing in 37.2% (38.7%for D1) and heavy grazing in 20.6% (21.9% for
D1). The animals responsiblefor this grazing are also very similar,
with cattle in 59.9% (63.3%for D1) and sheep in 61.0% (52.4%for D1).
Only the rabbit is somewhatless common in 01, with 55.7% a3 opposed
to 60.6% in D1 (scrapesand burrows show a similar decline). The
frequencywith which variousdisturbanceeffectswere recorded in 01
was also very similarto those for D1, with wall in 2.1% (0.7% for
D1), fence in 3.9% (5.0% for D1), tarmac road in 1.1% (1.5% for D1),
vehicle tracks in 8.5% (11.2%for D1) and unsurfaced path in 10.6%
(10.9%for D1). Only cultivationis ratherdifferent,with recent 1.1%
(2.5%for D1) and old 4.6% (10.4%for D1). Rubbish.was. recorded in
20.2% of quadrats (cf. 25.2% for D1).

There is also an increasein aquatichabitatsfor 01 as compared with
D1, in which there are virtuallynone. Quite a wide range of types-
were recordedbut most common are puddle (3.5%), stream (6.4%),
dried-uprut (2.5%)and dried-upditch (3.5%).Althoughthis is not a
spectacularproportionof quadrats with aquatic habitats actually
within their confines,it is good indicationthat these habitats do
occur quite frequentlyin areas where 01 exists.

The topographyof 01 is quite interesting, particularly as compared
and contrastedwith Dl. Local aspect shows no obvious trend but
generalaspect shows a strong bias towards west, with 50.0% of
quadrats (cf. D1 with 45.8% west). D1 is quite flat but 01 is even
flatter.In terms of slope, 81.5% of quadratsin 01 have. slopes less
than 5 degrees (75.0%for D1) and 90.8% have surface types that are
either plane or simple undulating(77.5%for D1). There is quite a
wide range of elevationfor 01 but 63.1% of quadrats are under the
50ft contour (75.4%for D1). As suggestedabove in the discussion of
the typicalzonationof D1 and 01 on a site, the latter tends to be
further from the sea, i.e. nearly twice as far on average,with a mean
of 535m for 01 as comparedwith 285m for Dl.

Althoughonly about a quarteras commonas D1, slightly acid, damp
grassland01 shows a closely similargeographicaldistribution.Of the
71 sites containingD1, 56 also contain01 and, conversely, only 5
sites have 01 but no D1 (usually just one quadrat each). Slightly
acid, damp grassland01 is predominantlya western and northern type.
Relativelyspeaking,it is more common on the north coast than Dl.
Durness on the north coast,with 53% of quadratsallocated to 01, has
the highest frequencyof the type.
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G2 - Acid, damp grassland,dominatedby Festuca rubra, (Festucaovina)
and Anthoxanthumodoratum

It will be noted from the list of dominantsin the type name that the
only differencefrom G1 is that Carex nigra is replaced by Festuca
ovina. This suggeststhat the differencebetweenthe types is minimal
and, also, that it is closelyrelated to these two species. In fact,
the difference between the types is quite clear-cut but,
unfortunately,it is not well exemplifiedby Carex nigra. By contrast,
Festuca ovina gives a good impressionof the difference between the
two vegetationtypes - as good as can be expected from a single
species.Carex nigra is not even a preferential species for G1 as
comparedwith G2, its frequencyin GI being 77.3% and in 02 50.5%. In
terms of cover, Carex nigra contributes6.4% to G1 and 3.3% to 02. It
is a dominant in 29.8% of quadratsin G1 and 13.1% in G2. Similar
figuresfor Festucaovina are frequency 15.2%and 49.5%, mean cover
1.3% and 8.4%, and dominancein 4.6% and 23.2% of quadrats. This
underlinesthe dangerof drawingsuperficialconclusions from single
dominants.The prime exampleof this is Festucarubra which is the top
dominant,i.e. it occurswith 10% or more cover in most quadrats, in
D1 (81.4%),D4 (74.2%),D6 (57.1%),01 (57.8%),G2 (53.5%),54 (75.3%)
and 85 (86.7%). Together these types comprise about 46% of the
quadratsin the survey. In addition,several other vegetation types
have Festuca rubra as an importantdominant. To classify vegetation
types simply on the basis that Festuca rubra is the dominant species
is thus seen to be facile or, worse still,downrightmisleading.

Acid, damp grassland02 is not a particularlycommon vegetation type
with 99 quadrats (2.6%).There are two outletsfor this type in the
key; step 30 (+ve) isolates33 quadratsand step 35 (+ve) isolates 66
quadrats.There is no reason to suppose that there are significant
ecologicaldifferencesbetween these two forms of 02. Step 35 (+ve) is
a straightforwardseparationof G2 from 01, based on the proportionof
acid species present.Step 30 is in a totallydifferent part of the
key, but one which is also concernedwith acid vegetationtypes. Here,
the separationis between G2 and a mixture of D2 and 03 (dry,
semi-acid or acid types) using species which indicate damper
conditions,e.g. Eu hrasia officinalis a ., Plantao maritima and
Succisa ratensis,to isolatethe former (see Figure 6A).

The most common species in acid, damp grassland G2 is Lotus
corniculatus(94.9%),followed by Planta o lanceolata (89.9%) and
Thymus drucei (84.8%).Twenty other specieshave frequenciesof 50% or
over: 70-80% - Planta o maritima,Potentillaerecta,Trifolium re ens,
Anthoxanthumodoratum,Festuca rubra, Prunella vul aris, Euphrasia
officinalisa . and Sie lin ia decumbens;60-70% - Holcus lanatus,
Viola riviniana, A rostis tenuis, Calluna vul aris and Succisa

pratensis;and 50-60% - Bellis erennis, Cerastium holosteoides,
Koeleria cristata,Linum catharticum Ranunculusacris, Galium verum
and Carex nigra.

Many of the above common speciesoccur in both 01 and G2 and the
following list of preferential species indicates the floristic
differencebetween the two types.
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PreferentialSpecies for Type GI




Species Names G1 G2

Agrostis stolonifera 57.1 28.3
Juncus articulatus 31.9 15.2
Potentillaanserina 34.8 7.1
Ranunculusrepens 26.6 4.0
Rhinanthusminor agg. 27.3 11.1
Sagina procumbens 20.2 9.1
Vicia cracca 28.7 2.0

PreferentialSpecies for Type G2




Species Names GI G2

Calluna vulgaris 12.1 64.6
Campanularotundifolia 10.3 22.2
Carex pulicaris 15.2 45.5
Erica tetralix 4.6 22.2
Festuca ovina 15.2 49.5
Festuca vivipara 5.3 23.2
Hieraceumpilosella 9.6 31.3
Hypochoerisradicata 10.6 36.4
Koeleria cristata 19.9 57.6
Nardus stricta 10.6 24.2
Polygala vulgaris 14.5 37.4
Potentillaerecta 24.8 78.8
Salix repens 7.4 21.2
Sieglingiadecumbens 34.0 70.7
Thymus drucei 27.7 84.8
Viola riviniana 28.4 68.7

The species preferentialto G1 and decliningin G2 are interpreted as
being indicativeof damp, slightly acid conditions, e.g. Agrostis
stolonifera(57.1% in G1 to 25.3% in G2), Juncus articulatus (31.9% to
15.2%),and yicia cracca (28.7%to 2.0%).Conversely,species on the
increasein G2 are mostly a reflectionof more acid wet conditions,
e.g. Carex ulicaris (15.2%in GI to 45.5% in G2), Erica tetralix
(4.6% to 22.2%),Nardus stricta (10.6%to 24.2%)and Potentilla erecta
(24.8%to 78.8%).Other species preferentialto G2 are straightforward
acid species, not dependent on wetter conditions, e.g. Calluna
vulgaris (12.1% to 64.6%),Festucaovina (15.2% to 49.5%), Festuca
vivipara (5.3% to 23.2%) and Thymus drucei (27.7%to 84.8%).In fact,
this combinationof wet and dry acid species in G2 suggestsa complex

, of environmental conditions consisting of drier, raised ground
(hummocks)interspersedwith damp to wet, lower ground (hollows).This
interpretationis confinmedby the topographicaldata (see below) and
by an examinationof the sketchmap and section.diagramsrecorded for
quadratsin the field (see Handbookof Field Methods).

As measured by the mean number of species per quadrats,G2 is the most
species-richvegetationtype in the survey with a mean of 31.0 species
per quadrat.However,the total number of species recordedin the type

119
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at 178 is not exceptional,even allowing for the relatively small
number of samples (cf. D4 and D5 with 233 and 232 species
respectively).This discrepancy can be explained by the complex
habitat characteristicof the type, hummocksand hollows with species
from both situationsbeing present in virtuallyall quadrats.

Species contributingmost to the vascular plant cover are Festuca 
rubra (14.9%)and Festuca ovina (8.4%).Nine other species have mean
cover of 3% or more - Calluna vul aris (6.2%), Anthoxanthum odoratum
(4.8%),Holcus lanatus (4.1%),Sie lin ia decumbens (4.0%), Agrostis 
tenuis (3.9%),Plantao lanceolata(3.5%),Planta o maritime (3.5%),
Carex panicea (3.3%)and Carex nigra (3.3%).Twenty-twoother species
have mean cover of 0.5% or more.

In terms of potentialdominants,the same species top the list as for
cover. Forty-ninespecieshave cover of 10% or more in the 99 quadrats
that composethe type but 17 of these occur in one quadrat only.

Total cover of vascularplants is very similar (a complete cover) to
DI or 01, at 102.1%.Bryophytesare as frequentin G2 (100%)as in G1
(98.2%)but mean cover is nearly halved from 8.1% in 01 to 4.4% in 02.
Conversely,lichensare almost twice as frequent (24.1% in G1 and
52.5% in 02) and cover is also increased(0.2%to 0.4%). Bare sand is
slightlyreducedin frequency(20.6%to 15.2%)but increasedin cover
(1.2%to 3.9%) in 02 as comparedto GI. Other hard substrates are
increasedin 02 as comparedto 01, e.g. gravel and cobbles but, in
particular,bouldershave a frequencyof 15.2% (cover0.7%) and solid
rock 22.2% (cover 3.6%). Like 01, there is a small amount of
freshwaterpresentin the type (8.1%frequencyand 1.2% cover).

In terms of soil types, as defined in this survey,GI and 02 are very
similar.Acid, damp grassland02 is highly associated with mature,
Deep Sandy Soil D37 (21.2%), Thin Soil (peaty) T57 (8.1%), Sandy
Cobble Soil (highlyorganic)CS7 (2.0%)and Peaty Soils PS1 (3.0%),
P32 (23.2)and P34 (5.1%).Together these six soil types account for
62.6% of the type. Other common soils are semi-matureDeep Sands DS5
(10.1%)and DS6 (5.1%)and Thin Soil (high water table) .TS9 (5.1%).
Togetherthese account for a further 20.3%, bringingthe proportionof
quadratsaccountedfor to 82.9% (out of 98.0% of quadrats with soil
data). However,despitebeing common,DS5 and DS6 represent negative
associations,i.e. they occur less commonlythan would be expected by
chance.

Grazing pressurein G2 seems to be marginally heavier than for 01,
with no grazing in 1.0% for 02 (cf. 4.3% in 01), light grazing in
27.3% (cf. 37.9% in 01) moderategrazing in 45.5% (cf. 37.2% in 01)
and heavy grazing in 26.3% (cf. 20.6% in 01). Cattle are slightly
reduced in importancein 02 as comparedwith 01 (to 50.5% from 59.9%),
but sheep are increased(82.8%from 61.0%) and so are rabbits (67.7%
from 55.7%).Most disturbancefactorsare reduced in 02 as compared
with 01. The only significantones are fence (5.1%), vehicle track
(6.1%)and unsurfacedpath (7.1%).Cultivationis reduced to none of
recent origin and 2.0% old (cf. recent 1.1% and old 4.6% for 01) and
rubbish is almost halved to 12.1% (20.2%for 01). Evidenceof fire as
a factor in G2 is minimal,with only 1.0% of quadrats showing any
signs of burningat the time of survey (none in 01).

Acid, damp grassland02 shows no preferencefor any particular aspect
either local or general.Slopes are steeper than for 01, with 57.6%
over 5 degrees (cf. 18.5%for 01). Surface type parallels this trend
with only 36.4% being recordedas plane (cf. 50.4% for 01). 02 also
tends to occur at greaterelevationthan 01 and only 38.4% are under
the 50ft contour (cf. 63.1% for 01), the mean height 00 being 95.7ft
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(cf. 57.8ftfor G1). Apparentlyrunningslightlycounter to this is
the statisticthat G2 is nearer the sea than 01, with a mean distance
of 319m comparedwith 535mfor the latter.The explanationfor this is
that G2 tends to occupy rocky outcrops wherever they occur
(particularlyon the sides of bayheadsystems), and some are quite
near the sea, whereas01 occursmainly on less rocky ground as it
rises away from the coastline.

The geographicaldistributionof G2 is superficiallysimilar to that
for 01, i.e. western and northern. However, a more detailed
examinationshows that it is absent from most sites in the southern
half of the Outer Hebrides (Barra,North and South Gist), where it
occurs in only four out of twentysites (one quadrat each). In the
northernhalf of the Outer Hebrides (Harrisand Lewis), it occurs in
most sites but, apart from Pabbay (13% of quadrats), it is not
particularlycommon.The type reachesits peak importanceon the north
coast, e.g. Sheigra (28%),Durness (10%),FaraidHead (13%),Bettyhill
(21%) and Melvich (14%),and also on Shetlandwhere Brechin has 19%.
G2 is also quite common in sites in the south-westand, in particular,
on Colonsay.On the east coast it occurssporadicallyas far south as
the Moray Firth but is only commonin Coul Links (10%). It does not
occur further south on the east coast.From this it can be concluded
that, although02 is a western type, related to high rainfall and
humidity,it also requiresthe presenceof rock outcropsand boulders
to produce the type of hummock and hollow topography on which it
usually occurs.

Slightlyacid, damp grasslandG1 and acid, damp grassland G2 are a
good example of the two vegetationtypes which are obviously linked
along an ecologicalgradient but which, in most cases, does not
constitutea successionalrelationship.For a number of quadrats of
G2, the habitat is so specializedthat it is doubtfulif it could ever
have been occupiedby 01. It is also unlikelythat the habitat itself
could have undergonesome sort of developmentalprocess leading from
one vegetationtype to the other.On the other hand, some examples of
02 on sandy soils may have developed directly from 01 as indicated in
Figure 3. Closer examinationof individualquadratswould be required
to investigatethe process;the sandy quadrats of G2 should show
continuousvariation with similar quadrats of 01, whereas rocky
quadratsshould be discontinuous.
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G3 - Acid, dry grassland,Ominated by Calluna vul aris, Festucaovine
and A ostis tenuis

Attentionhas now moved to the righthandside of Figure 3 where 03 is
shown as a developmentof D2 giving rise, in succession,to 04.

Acid, dry grasslandG3 is the second most common vegetation type
recordedin the survey with 437 quadrats (11.4%). The type has two
outlets in the key; step 38 (-ve) isolates35 quadrats and step 39
(-ve) isolatesthe majority form, with 402 quadrats. These divisions
are entirelyin accordwith the putativerelationshipsshown in Figure
3, with step 38 separating03 and D2 and step 39 separating'G3and 04.
These two parts of the hierarchyhave their origin in step 22, where
the negativeside (leadingto step 38) is defined by a series of
base-richto slightly acid species, e.g. Bellis erennis, Galium
verum, Lotus corniculatusand Trifoliumre ens, and the positiveside,
leading to step 39, is defined by just one species, Galium saxatile
(see Figure 6A). The implication of this is that step 38 (-ve)
isolatesthe least acid fractionof G3, most similar to D2. It is
unlikely, however, that the two forms of 03 have significant
ecologicaldifferences at the level of resolution at which the
vegetationclassificationattemptsto define types.

The most common species in acid, dry grassland03 is A rostis. tenuis
(83.5%),followedby Festucaovine(70.3%),Carex arenaria (69.6%)and
Calluna vul ris (61.3%).Only three more species have frequencies
over 50% - Poa pratensis(57.4%),Anthoxanthum odoratum (57.0%) and
Galium saxatile (53.1%). This is a comparatively low number of
"constant"species (thosewith frequencyof 50% or more) and a check
against D2 shows a marked fall in this feature from 13 to 7 species.
Species richness,as expressedby the mean number of species per
quadrat,is similarlyaffected,showinga drop from 20.6 in D2 to 14.8
in 03.

The differencein species compositionbetween D2 and 03 is clearly
definedin the followingtable of preferentialspecies.

PreferentialSpecies for Type D2




SpeciesNames D2 03

Ammophilaarenaria 85.8 31.6
Dellis perennis 29.3 4.3
Cerastiumatrovirens 27.6 5.7
Cerastiumholosteoides 64.0 29.1
Cirsium arvense 32.9 4.3
Cirsium.vulgare 22.2 5.5
Galium verum 77.3 14.9
Hieraceumpilosella 31.6 14.4
Hypochoerisradicata 40.0 19.5
Koeleriacristata 33.3 15.1
Linum catharticum 24.9 3.0
Lotus corniculatus 74.2 35.9
Plantagolanceolate 56.4 14.6
Seneciojacobaea 70.2 17.2
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Taraxacumspp.
Thymus drucei
Trifoliumrepens
Veronicachamaedrys

PreferentialSpecies for Type G3

Species Names

Agrostis tenuis
Anthoxanthumodoratum
Calluna vulgaris
Erica cinerea
Galium saxatile
Potentillaerecta

	

45.8 5.3

	

56.4 11.2

	

52.9 22.4

	

45.8 12.6

D2 G3

	

% •

	

36.9 83.5

	

28.0 57.0

	

4.9 61.3

	

3.1 36.4

	

15.6 53.1

	

3.1 31.8

I.
I

.

I.
I.

As might be expected,the list of preferentialsfor D2 is much longer
than that for G3. Speciescommon in D2 but declining in 03 are all
very similar,being characteristicof slightlyacid, dune vegetation.
Most notable species in this respectare Ammo hila arenaria (downfrom
85.8% in D2 to 31.6% in G3), Galium verum (77.3% to 14.9%), Lotus
corniculatus(74.2%to 35.9%)and Senecio acobaea (70.2% to 17.2%).
Ihtthe lower part of the table,species preferentialto G3 can all be
interpretedas being indicativeof dry, acid habitats. There is a
nitrked,increasein the two grasses,A rostis tenuis (36.9% in D1 to
8315% in G3) and Anthoxanthumodoratum (28.0%to 57.0%),and also in
dwarf shrubs, Calluna vul aris (4.9% to 61.3%)and Erica cinerea (3.1%
to 36.4%).

As has already been noted, species richness,as measuredby the mean
number of species per quadrat,is low in 03 at 14.8, and there are
only 41 species with a frequency of 10% or more. Despite these
statistics,which are low comparedwith other types, e.g. D2, a large
number of specieshave been recorded in 03, 229 species from 437
quadrats.This total is composedof relativelyfew species in a high
proportionof quadratsand a large number of species which occur in
only a few. Many of the low frequencyspecies are genuine occasionals
due to disturbance,plantingand escapesof various sorts. However,
there are in additiona number of rare species that are obviously
related to the particularhabitat providedby 03, e.g. Arctostaphylos
uva-ursi (0.2%),Good era re ens (1.1%),Listera cordata (1.4%) and
Pyrolaminor (0.7%).

Despite being present in only.61.3%of quadrats,Calluna vul aris is
the species contributingmost cover to 03, with a mean of 16.2%. Ten
other species have cover of 3% or more - Festuca 'ovine (8.8%),
A rostis tenuis (7.0%),Carex arenaria(6.8%),Ulex europaeus (5.8%),
Festuca rubra (4.9%),Ammo hila arenaria (3.9%), Pinus s lvestris

(3.5%), Pteridium a uilinum (3.4%), Empetrum nigrum (3.1%) and
Anthoxanthumodoratum (3.1%).It is notable that two species in this
list are dwarf shrubs (Callunaand Empetrum),one is a shrub (Ulex)
and one a tree (Pinus). An examination of the list of potential
dominants (specieswhich achievea cover of 10% or more in a quadrat)
is even more informative.For example,Calluna vul ris is seen to

occur in 61.3% of quadrats,is a dominantin 35.2% and the mean cover
in these quadratsis 44.7%. By contrast,other species such as Festuca
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ovine and A rostis tenuis are more commonlypresent (70.3% and 83.5%
respectively)but are less common as a dominant (29.1%and 25.6%) and
their mean cover as a dominantis lower (27.6%and 22.5%). Apart from
Calluna,other dwarf shrubswhich achieve the status of a potential
dominantin G3 are Ericacinerea,Salixrepens, Em etrum ni rum and
Ericatetralix.There are also a number of shrubs - Ulex euro eus
(presentin 19.5%,dominantin 12.8% and with a mean cover as a
dominantof 43.4%),Sarothamnussco rius and Rubus fruticosus.Trees,
most of them planted,are also quite importantin the type - Pinus
sylvestris,Pinuscontorta,Betulaspp.,Pinus nigra, Salix cinerea
Agg. and Piceaabies.The three species of pine tend to dominatewhole
quadratswhen they occur. Another important potential dominant is
Pteridiuma uilinum which, although it occurs in only 10.3% of
quadratsand is dominantin 6.6%, has a mean cover as a dominant of
50.2%.What this wide range of dominantsmeans in practiceis that a
high proportionof quadratsin the type are dominated by genuine
physiognomicdominantswhich cast a shade. This reductionof light at
ground level has the effect of reducingthe cover of other species
which are actually more constant to 03 or even elithinating
light-demandingspeciesaltogether,e.g. Calluna vul aris.

Acid, dry grassland03 is a perfectexample of a vegetationtype which
is defined by species that are sensitiveto the environmentbut where
the species that is dominant,in terms of cover, can be very variable.
Several of these dominantsare eitherwide ranging species or are the
direct result of human activity. In addition, their status as a
dominantmay be rather ephemeral.In short, it would be ecologically
misleadingto classifythese quadrats according to their dominant
species.

The cover of vascularplants in 03 is somewhatincreasedcompasedwith
that for D2 (up from 86.6% to 94.2%). However, the status of
bryophytes(frequency96.6% and cover 13.1%)and lichens (54.2% and
2.9%) is very similar to D2 (bryophytes96.4% and 16.6% and lichens
50.7% and 2.7%). In terms of non-livingcover categories,bare sand is
reduced in frequencyfrom 53.3% in D2 to 37.8% in 03 and cover from
7.4% to 5.9%. Undecomposedorganicmatter becomesa significant cover
categoryin 03 as a result of such species as Pteridium,Calluna and
pines.Undecomposedorganicmatter was recordedin 28.8% of. quadrats
with a mean cover of 4.6%, but these figures may be somewhat
unreliabledue to seasonaleffects,i.e. more litter is present (and
more obvious)in early summer than the autumn when it may have largely
decomposed.

Acid, dry grassland03 is reasonablywell correlated with the soil
types. Highly associatedwith this vegetation type are semi-mature
Deep Sandy Soils D35 (33.0%) (thisis a relativelydry soil type) and
mature Deep Sandy Soil D58 (3.2%).Another dry soil, Sandy Cobble Soil
CS4 (9.2%),is also highly associated,as is Thin Soil TS3 (1.8%).
Togetherthese significantlyassociated types total 47.2% (out of
91.6% of quadratsfor which soil data are available- the two military
sites,Morrich More and Barry Links, containeda high proportion of
03, hence the missing data). Other common soil types are semi-mature
and mature, Deep Sandy Soils DS6 (19.9%)and DS7 (13.3%),raising the
proportionof quadratsaccountedfor to 80.4%. Peaty soils are limited
to less than 2% and, indeed, peaty types P32 and P54 are negatively
associated. The predominant characteristic of soils supporting
vegetationtype G3 is dryness. Were soil analyses available, they
would almost certainlyshow minimal calciumcarbonateand low pH as
factors related to 03.
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Grazingpressureis somewhatless in 03 as compared with p2; no
grazingin 4.3%of quadratsin 03 (cf.1.8%in 1)2),light grazing in
57.7%(cf.39.6%in 1)2),moderategrazingin 23.8%(cf.26.2% in D2)
and heavygrazingin 14.2%(cf. 32.4% in D2). Records of grazing
animalsare similarlyreduced,withcattlein 19.5% (32.9% in 1)2),
sheepin 19.9%(27.6%in 1)2)and rabbitin 89.7%(91.1%in 1)2).Signs
of deerwerealsorecordedfrom5.7%of quadratsin 03. Some human
disturbancefactorsare increasedandothers decreased.Most common
are embankment(2.3%),fence(3.4%),dirtroad(2.7%), vehicle track
(12.1%),unsurfacedpath (8.7%),spent cartridge (4.1%), other
armament(5.7%),fireevidence (8.9%), planted trees (12.8%),old
cultivation(1.4%).Particularlynotableare fireand tree planting.
Rubbishwas recordedfrom31.8%of quadrats(cf.D2 with43.1%).

Acid,dry grasslandG3 is neutralas far as localaspectis concerned
but showsa markedtendencytowardsa generalaspectof south (40.5%)
and awayfromwest (7.8%).Thisis probablya direct result of the
geographicaldistributionof thetype (seebelow).The nextvegetation
typeto be described,04, is similar(seebelow)but both are rather
differentfromD2,whichfavoursbothsouth(30.2%)and west (30.7%)
aspects.03 tendsto occupyfairly flat ground, 84.9% of quadrats
havinga slopeof lessthan5 degrees.Surfacetype is similar with
83.9%eitherplaneor simpleundulating.LikeD2, vegetationtype 03
is low lyingwith81.7%of quadratsunderthe 50ftcontourand with a
meanelevationof 40.8ftOD (cf.85.8%and 33.2ftfor 1)2).As mightbe
expectedfroman examinationof thedistributionof vegetationtypes
withinsites,G3 occursa gooddealfurtherfromthesea thanD2; 591m
comparedwith259m.In thisrespect,D2 and03 are very similar to
theirwesternandnorthernequivalents(on base-richsubstrates)D1
and02.

The geographicaldistributionof acid, dry grasslandG3 is very
siMilarto that for slightlyacid dune grasslandD2, the main
concentrationof the typeoccurringin siteson the east coast from
theMorayFirthsouth.The typeis particularlycommonon Ferry Links
(57%),CoulLinks(43%),Clashmore(77%),Findhorn(76%), Lossiemouth
(62%),SpeyBay (East)(83%),Forvie(64%),Don to Ythan (40%), st
CyrusandMontrose(62%),BarryLinks(56%)and Tentsmuir(40%).There
is an outlierof the typein the south-westmainly on Colonsay and
IslaybutTorrsWarrenin Gallowayhas 52%of the type.In the Outer
Hebridesonlyone site,Paible,containsone quadratallocatedto 03.
On the northcoastandon Orkney and Shetland,03 is rather less
commonthanD2,whereas,on a proportionalbasis,it mightbe expected
to be abouttwiceas frequent.Theexactreasonis not known but is
probablyconnectedwithtopography.

•
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G4 - Very acid, damp grassland,dominatedby Nardus stricta, Festuca
ovina and A rostis tenuis

This is not a commonvegetationtype with only 29 quadrats (0.8%)
allocatedto it. The type has just one outlet in the key, step 39
(+ve)where it is separatedfrom the majorityof the previoustype, 03
(see Figure 6A). The indicatorswhich define this division are very
illuminating;the one negativeindicator(for G3) is Erica cinerea and
the five positiveindicators (for G4) are A rostis canina, Carex 
nigra, Juncuseffusus,Nardus strictaand Potentillaerecta. However,
it shouldbe noted that a score of 4 or more is requiredfor a quadrat

to be allocatedto 041 i.e. only one negative indicator and five
positiveor no negativeand four positiveindicatorscan produce this

score. This is quite a tight definitionfor G4 within what is likely
to be continuousvariation.

The most commonspeciesin very acid, damp grassland G4 are Nardus 

stricta (96.6%)and Potentillaerecta (96.6%).These are followed in
the frequencyrange 80-90%by - rostis canina, Festucaovina, Galium
saxatile,Agrostistenuis,Carex nigra and Poa pratensis; 70-80% -
Anthoxanthumodoratumand Juncus effusus;60-70% - Carex arenaria and
Holcus lanatus;and 50-60%- Rumex acetosa,Festuca rubra and Luzula 
multiflora,i.e. totalof 15 specieswith a frequencyof 50% or more.

The difference in species composition between very acid, damp
grassland04 and the type to which it is closely related, but from
which it is unlikely to be derived, acid, dry grassland G3 is
summarizedin the followingtable of preferentialspecies.

PreferentialSpeciesfor Type 03

SpeciesNames 03 04

Ammophilaarenaria 31.6 3.4

Campanularotundifolia 25.4 0.0

Erica cinerea 36.4 0.0

Lotus corniculatus 35.9 17.2
Rumex acetosella 22.2 10.3

Veronicaofficinalis 25.4 10.3

Viola riviniana 28.1 3.4

PreferentialSpeciesfor Type G4




SpeciesNames 03 04

Achilleaptarmica 1.8 24.1
Agrostiscanina 9.8 89.7
Agrostisstolonifera 8.7 34.5
Carex nigra 8.5 86.2
Cirsiumpalustre 1.6 20.7
Erica tetralix 10.3 41.4
Holcusmollis 5.0 34.5
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Juncus acutiflorus 1.4 27.6

Juncuseffusus 5.5 72.4

Juncus squarrosus 10.8 37.9
Luzulamultiflora 15.1 51.7

Nardus stricta 15.8 96.6
Potentillaerecta 31.8 96.6

Rumex acetosa 12.8 55.2

Viola palustris 1.1 31.0

Speciespreferentialto 03 and decliningin 04 are fewer in number,
less strikingand more difficultto interpret than those which are
increasingin 04. Ammo hila arenaria (down from 31.6% in G3 to 3.4% in
04) is just part of the trend of increasing stability, whilst the
total loss of Erica cinerea (36.4%to 0%) is obviouslyconnected with
moisturerelations,i.e. there are no longer dry, acid habitats
present.Species preferential to 04 can be interpreted as being
indicativeof wetter acid conditions,e.g. A rostis canine (9.8% in 03
to 89.7% in 04), Carex nigra (8.5% to 86.2%),Erica tetralix (10.3%to
41.4%),Juncus effusus (5.5%to 72.4%), Luzula multiflora (15.1% to

51.7%),Nardus stricta (15.8%to 90.6%), Potentillaerecta (31.8% to
96.6%) and Rumex acetosa (12.8%to 55.2%).

In contrastto dry, acid grassland03, very acid, dry grassland 04
shows an increasein speciesrichnesswith a mean number of species
per quadratof 21.2. Thus from D2 to 03 species richness declined
(20.6 to 14.8 species per quadrat)and is now increasing again. This
trend is also reflectedby the number of species with a frequency of
50% or more (7 for G3 and 15 for 04). The total number of species
recordedin 04 is 101 but it is difficult to assess this figure when
it relates to only 29 quadrats(the curve of species recruitment is
unlikelyto have flattenedout at this sample size).

The main cover species in very acid, damp grassland 04 is Nardus
strictawith 22.0% cover, and next most important is Festuca ovine
with 12.5%.Twelve other specieshave mean cover of 3% or more -
Callunavul aris (6.5%),Anthoxanthumodoratum (5.2%),A rostis tenuis
5.2% , A rostis canina (5.0%),Juncus effusus (4.8%), Carex nigra
(4.7%),Potentillaerecta (4.3%),Festuca rubra (4.1%),Holcus lanatus
(3.9%),Salix repens (3.4%),Carex arenaria (3.2%)and Galium saxatile
(3.0%).There are 29 potentialdominantsrecordedfor this type, 19 of
them in more than one quadrat.Unlike 03, most potentialdominants in
04 have high frequenciesand are more or less synonymouswith the main
cover species, i.e. there are few species that occur in just a few

quadratsbut in large amounts.

Total cover of vascular plants in G4 is very high at 112.7%,
indicating the regular occurrence of multi-layered vegetation.
Bryophyteswere recordedfrom 100% of quadrats in 04. This is similar
to 03 but the cover is less than half (6.4% in 04 comparedwith 13.1%
in 03). Lichensare depletedboth in frequencyand in cover (frequency
31.0% in 04 and 54.2% in 03, cover 0.4% and 2.9% respectively). There
are very few records for the non-livingcover categories, except for
undecomposedorganicmatter in 31.0% of quadrats (cover 2.3%) and bare
sand 20.7% (0.6%cover).

Very acid,‘dampgrasslandG4 is only associatedwith
i.e. it occursmore frequentlythan would be expected
Sandy (mature)Soil DS7 (27.6%).Other common types
Deep Sands DS5 (20.7%)and DS6 (34.5%). These three
accountfor 82.8% of the type (out of 93.1%). Another

one soil type,
by chance, Deep
are semi-mature
types together
10.2% occur on
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Peaty Soils P32, P33 and P35.

Grazing pressurein G4 is very similar to that for G3, with 3.4% with
no recordedgrazing, 55.2% light grazing, 37.9%moderate grazing and
3.4% heavy grazing (c.f. 4.3%, 57.7%, 23.8% and 14.2%for G3). There
is a slight increasein the incidenceof cattle in 04 as comparedwith
03 (34.5%from 19.5%),sheep are down (10.3%from 19.9%) and rabbit
marginallyincreased(93.1%from 89.7%). Human disturbance factors
worthy of note are embankment (13.8%), vehicle tracks (10.3%),
unsurfacedpath (13.8%),spent cartridge(6.9%),fire evidence(3.4%),
planted trees (6.9%)and old cultivation(3.4%).Rubbishwas recorded
from 20.7% of quadrats (cf. 31.8% for 03).

Very acid, damp grassland04 containssome aquatichabitats,e.g. pond
(3.4%),dried-uppuddle (3.4%) and dried-up ditch (10.3%). These
habitatsare probablyindicativeof a fair degree of seasonalwetness.

Althoughlocal aspect is more or less neutral,general aspect for 04
exhibitsa strong tendencyto being either east (41.4%) or south
(37.9%) (together79.3%) and not west or north (together 20.6%). The
type occupiesfairly flat ground, no quadratshaving slopes of over 5
degrees.Surface types are similar,with 72.4% plane and 13.8% simple
undulating.The type is low-lyingwith 82.8% of quadrats under the
50ft contour.Perhaps the most notable topographicfeature 'of 04 is
its distancefrom the sea with a mean distanceof 1,191m (cf. D2 with
259m and 03 with 591m).Only one quadratoccurs in the 100-200m zone,
the nearest the type gets to the sea. This is confirmed by the
zonationof D2, 03 and 04 within individual sites, this being the
normal order of occurrenceproceedingin an inland direction.

Whether very acid, damp grassland G4 develops from acid, dry grassland
03 with the passage of time as the only factor is open to question.It
is possiblethat the build-upof organicmatter in an already damp
soil could tip the balancebetween the two types,but it seems more
likely that 04 is the direct resultof rather different hydrological
conditionsfrom 03, perhaps related to flushingat the landward edge
of the sand deposit,but there is no direct evidenceof this in the
data collected.

An examinationof the geographicaldistributionof 04 shows that it
only occurs in six sites; five sites on the east coast and one in' the
south-west,Torrs Warren. Anotherfeaturethat is immediately obvious
is that, with the exceptionof Coul Links (167ha),all the sites are
very large - Torrs Warren (881ha), Forvie (720ha), St Cyrus and
Montrose (448ha),Barry Links (993ha)and Tentsmuir(704ha).In fact,
Forvie, Barry Links and Tentsmuircontain 26 out of the 29 quadrats
allocated to the type (the others containjust one quadrat). This is
now seen, in effect,as a very restricteddistribution, the presence
of 04 apparentlybeing determinedby the particular conditions on a
few large sites. A closer examinationshows that all six sites belong
to Site Type 9 - East Coast,Main Type. These mainly east coast sites
are characterizedby their completeness,i.e. their lack of truncation
on the inland side. On these sites,04 occursmostly near the landward
boundary,usually in close proximityto 03.
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05 - Sea spray community

With only two quadratsin the survey,it is doubtfulif 05 can really
be accordedthe statusof a vegetationtype. However,the two quadrats
concernedare so differentfrom anythingelse that it is simply not
possibleto merge them with some other type. The only alternatives
are, therefore,to regardthem eitheras unclassifiableor give them
the statusof a "minor"type.The latter solutionwas adopted.

The type has one outlet in the key in step 82 (-ve). Interestingly,
this step is buriedin the largelysaltmarshpart of the key (the salt
influence?),where G5 is separatedout from 54 or 55 by the presence
of the non-maritimespeciesFestucaovine or Thymus drucei (see Figure
6C).

Three species,Armeriamaritime, Festuca ovine and Thymus drucei,
occur in both quadratsof 05. All other species,of which there are
23, occur in one quadratonly. These include such widely dissimilar
speciesas Ammo hila arenaria and Cerastium lomeratum but also
presentare species fairlytypicalof the spray zone habitat, e.g.
Planta o coronaus, Sa ina rocumbensand Sedum an licum. Cover of
vascularplants is low at 18.4%,the rest being made up by gravel 10%,
cobbles33% and solid rock 45%. Bryophytes are present in both
quadrats(cover0.6%) and lichensin one with negligible cover. No
vascularplant achievescoverof 10% or over so there cannot be said
to be any dominantsin the type.

In terms of soil types,one quadratoccurs on a Beach Deposit BD2
(cobblesand rock) and the other on Thin Soil TS10 (solidrock). Both
quadratsare under the 50ft contourand are in 10-50m zone from the
sea (meandistance 15m).One quadratoccurs at Oronsay, on Colonsay,
and the other at Whitenesson the Moray Firth.

Sea spray community05 can probablybe best thoughtof as a type which
occupiesa very specializedhabitat,i.e. well drained soils close to
the shore where they can receivespray,which is extremelyrare in the
contextof the presentsurvey but may be much more common in a
differentpopulation,e.g. hard coast. No obvious relationshipcan be
seen with other vegetationtypes in the survey. In terms of species
composition,it is most similarto the upper saltmarsh types 34 and
35, which also containa mixtureof maritimeand non-maritimespecies.
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G6 - Slightlyacid, wet grassland,dominatedby Carex nigra, Agrostis
stoloniferaand Carex panicea

This vegetationtype, with 89 quadrats (2.3%),at first sight appears
to be badly fractionatedin the key with no less than six outlets.
However,four of these outlets are in the same part the key and
togetherthey isolate80 quadrats (90%) of the type (see Figure 6A).
Steps 21 (+ve)with 5 quadrats,29 (-ve)with 43 quadrats, 36 (+ve)
with 16 quadratsand 37 (-ve)with 16 quadrats are concerned with
separatingout the various parts of G6 and also isolatinga small part
of Peatlandtype Pl. It is clear from an examinationof this section
of the key that, althoughit is a reasonablyhomogeneoustype, G6 does
containsome rather differentforms of the basic type. This is almost
certainlythe resultof the presenceof minor habitatscomplexed with
the main wet habitat that G6 occupies. Step 18 (+ve) isolates a
slightlydrier form of G6 (again,the separationis from P1) and step
83 (-ve)deals with 7 quadratswhich are influencedby saline as well
as fresh water and, therefore,contain some saltmarsh species, e.g.
Glaux maritimaand Tri lochinmaritima. In fact, it is the presenceof
Glaux maritima (and the absence of Planta o lanceolata or Poa
pratensis)in all 7 quadratsthat causes them to go positiveat step 2
in the key and join the maritimetypes in steP 77. From this point on
the non-maritimespecies prevail,first of all in isolatingthis form
of G6 with the upper saltmarshand then separating it from this in
step 83. Ignoringminor differencesbetween the various outlets for
G6, the followingdescriptionrefers to the composite of all six
forms.

The most common speciesin slightlyacid, wet grassland G6 is Carex
nigra (92.1%),followedby H drocot le vul aris (82.0%), Trifolium
repens (82.0%)and Ranunculusflammula (80.9%).Fifteenother species
occur in 50% or more quadrats:70-80% - A rostis stolonifera, Festuca
rubra, Holcus lanatus,Caltha lustrisand Ranunculusacris; 60-70% -
Cardaminepratensis,Prunella vul aris, Juncus articulatusand Succisa
pratensis; and 50-60% - Leontodon autumnalis, Carex anicea
Anthoxanthum odoratum, Bellis erennis, Ranunculus re ens and
Dact lorchiss .

It is difficult to say for certain what vegetation type G6 is
developedfrom, if any. Figure 3 shows a tentativerelationships with
04 and G2 but whether this is, in fact, a successionalrelationshipis
open to doubt. The followingtable shows the differencebetween 04 and
G6 in terms of preferentialspecies.

PreferentialSpeciesfor Type 04

Species Names D4 G6

Achilleamillefolium 33.3 2.2
Ammophilaarenaria 22.6 0.0
Carex arenaria 50.9 3.4
Coeloglossumviride 22.0 1.1
Daucus carota 20.1 0.0
Euphrasiaofficinalisagg. 78.6 38.2
Galium verum 75.5 1.1
Linum catharticum 61.0 3.4
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Lolium perenneagg. 23.3 10.1
Lotus corniculatus 82.4 30.3
Ophioglossumvulgatum 21.4 3.4
Plantagocoronopus 20.1 1.1
Plantagolanceolata 87.4 42.7
Plantagomaritima 54.1 23.6
Polygala vulgaris 26.4 1.1
Selaginellaselaginoides 25.8 9.0
Senecio jacobaea 57.2 11.2
Thymus drucei 28.3 0.0
Viola riviniana 24.5 1.1

PreferentialSpecies for Type G6




Species Names D4 G6

Anagallistenella 8.8 43.8
Anthoxanthumodoratum 11.3 56.2
Caltha palustris 8.2 76.4
Cardaminepratensis 25.8 69.7
Carex echinata 0.0 27.0
Carex flava agg. 0.6 25.8
Carex panicea 20.8 57.3
Carex pulicaris 10.7 27.0
Dactylorchisspp. 22.6 51.7
Eleocharispalustris 5.7 25.8
Epilobiumpalustre 4.4 32.6
Eriophorumangustifolium 1.3 46.1
Galium palustre 6.3 46.1
Hydrocotylevulgaris 23.3 82.0
Juncus bulbosus/kochii 0.6 20.2
Juncus effusus 1.3 21.3
Luzula multiflora 6.3 20.2
Lychnis flos-cuculi 13.8 43.8
Mentha aquatica 4.4 27.0
Molinia caerulea 5.0 42.7
Myosotis caespitosa 5.7 21.3
Oenanthelachenalii 1.3 21.3
Pedicularispalustris 2.5 30.3
Pinguiculavulgaris 10.7 24.7
Potentilla erecta 1.9 23.6
Potentillapalustris 0.6 29.2
Ranunculusflammula 3.8 80.9
Sagina procumbens 13.2 38.2
Senecio aquaticus 4•4 33.7
Succisa pratensis 7.5 61.8
Triglochinmaritima 2.5 32.6

11.

Preferentialto 04 and decliningin G6 are a whole series of damp,
base-richdune species,whilst those preferential to G6 are mostly
species favouringwet, flushedhabitatsbut coveringa wide range of
micro-habitats,i.e. degreesof wetness,base-richnessand aerationof
the soil, which are capableof being extremely localized within a
quadratas large as 25 sq m.
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The list of preferentialsfor the equivalentchange from G2 to G6 is
as follows.

PreferentialSpecies for Type G2

Species Names G2 G6

Achilleamillefolium 44.4 2.2
Agrostis tenuis 67.7 9.0
Calluna vulgaris 64.6 9.0
Campanularotundifolia 22.2 0.0
Centaureanigra 20.2 3.4
Festuca ovina 49.5 7.9
Festuca vivipara 23.2 2.2
Galium verum 54.5 1.1
Hieraceumpilosella 31.3 0.0
Hypochoerisradicata 36.4 3.4
Koeleria cristata 57.6 0.0
Linum catharticum 55.6 3.4
Lotus corniculatus 94.9 30.3
Plantagolanceolata 89.9 42.7
Plantagomaritima 78.8 23.6
Polygalavulgaris 37.4 1.1
Potentillaerecta 78.8 23.6
Rumexacetosa 28.3 12.4
Salix repens 21.2 9.0

Selaginellaselaginoides 29.3 9.0
Seiglingiadecumbens 70.7 18.0
Thymus drucei 84.8 0.0
Viola riviniana 68.7 1.1

PreferentialSpecies for Type G6




Species Names G2 06

Agrostisstolonifera 28.3 79.8
Anagallistenella 13.1 43.8
Caltha palustris 3.0 76.4
Cardaminepratensis 4.0 69.7
Carex echinata 9.1 27.0
Dactylorchisspp. 17.2 51.7
Eleocharispalustris 0.0 25.8
Epilobiumpalustre 0.0 32.6
Equisetumarvense 5.1 24.7
Eriophorumangustifolium 7.1 46.1
Galium palustre 1.0 46.1
Hydrocotylevulgaris 7.1 82.0
Juncus articulatus 15.2 61.8
Juncus bulbosus/kochii 3.0 20.2
Juncus effusus 6.1 21.3
Lychnis flos-cuculi 2.0 43.8
Mentha aquatica 0.0 27.0
Myosotis caespitosa 0.0 21.3
Oenanthe lachenalii 0.0 21.3



•
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Pedicularispalustris 2.0 30.3
Pinguiculavulgaris 9.1 24.7
Potentillaanserina 7.1 48.3
Potentillapalustris 0.0 29.2
Ranunculusflammula 8.1 80.9
Ranunculusrepens 4.0 51.7
Rhinanthusminor agg. 11.1 27.0
Sagina procumbens 9.1 38.2
Senecioaquaticus 0.0 33.7
Triglochinmaritima 0.0 32.6
Vicia cracca 2.0 32.6

Again, the speciesdecliningin 06 as comparedwith 02, and vice versa
can be interpreted in a similar manner to those for the D4/G6
comparison.For both sets of comparisons,the list of preferentials
for both halvesof the table is long, longer than for most other
comparisonsencounteredso far. This suggeststhat G6 is substantially
differentfrom its two putativerelations.

Examinationof the distributionof slightlyacid, wet grassland06 on
the sites on which it occurs revealsthat it is usually associated
with the low ground surroundinglochs (withoutactually extendinginto
them), ponds, slow streamsand old drainagechannels which may have
filled in. There is no evidencethat 06 occurs in close proximity to
either D4 or 02 more than would be expected by chance so it must be
assumed that the successional relationship is either of rare
occurrenceor non-existent.On the other hand, 06 does occur in close
proximityto some of the Marshlandtypes (M1-M4)and this relationship
will be examined in more detail in the context of this more
specializedfamily.

Slightlyacid, wet grasslandis an extremelyspecies-richtype, with a
mean of 31.5 species per quadrat - the highest of all types. This may
be comparedwith D4 with 28.9 and 02 with 31.0 species per quadrat.
However,the total numberof species recorded is by no means so
extremeat 186.What this means in practiceis that there is quite a
wide range of speciespresent and a high proportion of them have
intermediatefrequencies,i.e. there are not so many species with one
or two occurrences,as in some other types. The statistic that there
are 79 specieswith a frequencyof 10% or more emphasizesthis feature
(cf. D4 with 63 and 02 with 70).

The species which contributes most cover to slightly acid, wet
grassland06 is Carex nigra (15.1%)and there are five other species
with cover of 3% or more - A rostis stolonifera(6.8%),Carex anicea
(5.8%),Festucarubra (5.8%), Molinia caerulea (5.4%) and Holcus
lanatus (3.2%).As might be expectedfrom the previous discussion of
the range of specializedhabitatsthat exist in the type, there is a
long list of potential dominants, some of which have• quite low
frequencies,e.g. Molinia caerulea,with a frequencyof 42.7%1 is a
dominantin 16.9%of quadratswith a mean cover as a dominant of
28.3%.Another notablespecies of this type is Iris seudacorus with
figuresof 13.5%,5.6% and 18.0%respectively.A total of 52 potential
dominantswere recordedfrom 89 quadratsof the type but 18 of these
occur in one quadrat only. The majority of these species are
indicativeof wet conditions.

Despite the speciesrichnessof this type, there is not a complete
coverof vascularplants;mean cover of vascularplants is 92.1% (cf.
D4 with 99.1% and G2 with 102.2%). However, bryophytes, with a
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frequencyof 98.9% and a mean cover of 14.7%)more or less make up the
discrepancyin living cover (cf. D4 with 9.3% and G2 with 4.4%). By
contrast,lichensare insignificant,with a frequencyof 6.7% (cf. D4
with 29.6% and G2 with 52.5%)and negligible cover (0.1%). A wide
rangeof substrates have been recorded from the type but those
yieldingsignificantcover are decomposed organic matter, with a
frequencyof 32.6%and cover of 2.5%, bare sand 18.0% and 3.8% and
freshwater27.0% and 5.3%. In relationto the discussion about the
form of 06 isolatedby step 82 (-ve),saltmarshmud was recorded from
3.4% of quadrats(meancover 0.3%) and salinewater also in 3.4% (mean
cover 0.2%).

In termsof soil types, 06 is quite well defined, being highly
associatedwith two wet Peaty Soils, P33 (20.2%)and PS5 (6.7%), and
two Thin Soils, T58 (4.5%)and TS9 (27.0%).Both Thin Soils tend to be
peaty with a high water table.Together,these four types account for
58.4% (out of 94.4%)of the quadratsallocated to G6. Other common
soil types are semi-matureDeep Sand DS6 (6.7%),mature Deep Sand DST
(14.6%)and damp Peaty Soil P54 (4.5%).Togetherthese account for a
further25.8%,bringingthe total to 84.2%. However, it should be
noted that the proportionin DS6 representsa negativeassociation.

Grazing pressureis not particularlyhigh in 06, with 7.9% of quadrats
havingno grazing,57.3% with light grazing, 30.3% with moderate
grazingand 4.5% with heavy grazing.Grazing animals show a strong
bias towardsuse by cattle which were recordedin 77.5% of quadrats.
Sheep in 39.3% of quadrats and rabbit in 25.8% are much less
important.As might be expectedunder such wet soil conditions, no
rabbit burrowsor scrapeswere recorded. Also, because of the wet
conditionspresumably,other human disturbance is somewhat reduced
comparedwith most other vegetation types. Walls and fences were
recordedin 3.4% of quadrats,vehicle tracks (6.7%), unsurfaced path
(3.4%),armaments(2.2%) and old cultivation (4.5%). Rubbish was
recordedfrom 27.0% of quadrats.

A wide rangeof aquatic habitatswere recorded in the type, mostly
standingwater, i.e. puddle (11.2%),ditch (6.7%),pond (6.7%), loch
(5.6%)and saltmarshpan (1.1%).Flowingwater is rather less common,
with stream (2.2%),river (1.1%)and saltmarshcreek (1.1%). Dried-up
water is also present,with puddle (2.2%),rut (1.1%), ditch (5.6%),
stream (1.1%),pond (2.2%),loch (2.2%).Togetherthese recordsadd up
to a strongassociationwith a high water table in variousforms.

Slightlyacid, wet grassland06 has a slight tendencyto face either
east (29.2%)or south (30.3%)in terms of local aspect but general
aspect shows the type to be strongly linked with western aspects
(56.2%).No explanationcan be offered for this feature, except that
the general aspect is obviously related to the geographical
distributionof the type (mainlywestern - see below).Because slopes
are minimal,61.8% under one degree and 37.1 under 5 degrees (total
98.9% under 5 degrees),local aspect is clearly not a strong feature
of the type. In fact,06 probablyoccupiesthe flattesthabitat of all
types except for some members of the Saltmarshfamily.Surface type is
either plane (76.4%)or simple undulating(21.3%).Most quadrats are
low-lying,with 86.5% under the 50ft contour.Apart from the minority
of quadratsthat are affectedby salinewater (6.7%within 100m of the
sea),G6 is very much an inland type with a mean distancefrom the sea
of 706m.

The geographicaldistributionof 06 is very interesting. It achieves
its peak frequencyin sites on South and North Uist in the Outer
Hebrides.Sites in this region are all low-lying, contain, or are
backedon the inland side by lochs and lochansof various sizes.These
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waterbodiesareusually surroundedby peatlandswhich are often
calledthe "blackland".Siteswith 10%or moreof thisvegetationtype
are Daliburgh (13%), Stilligary(North) (17%), Loch Bee (13%),
Kirkibost(11%)and Balranald(11%).The typeis alsoquitecommon in
siteson Coll,Tireeand Islay (Gruinarthas 10%) but is sparse
elsewhere.Thereis one occurrenceon Harris,oneon Shetland,a few
on thewestand northcoastsof mainlandScotland(Achnahairdhas 7%)
and on thenorthsideof theMorayFirth(MorrichMorehas 9%). There
is onlyone occurrencesouthof thison theeastcoast,at St Fergus.
As noted above, the occurrenceof G6 within a site is almost
inevitablyassociatedwithsomefeaturethatcan actuallybe seen on
thesitemap suchas a loch,marsh,streamor drainagechannel.
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G7 - Acid, wet grasslandy dominated:by Juncus effusus, Agrostis
stoloniferaand Holcuslanatus

This is not a commonvegetationtype with only 23 quadrats (0.6%)
allocatedto it. The type has three outlets in the key; step 8 (+ve)
isolates17 quadrats (the majority) of the type, step 28 (+ve)
isolates2 quadratsand step 40 (-ve)4 quadrats.There is no evidence
to show that these outletsare very different,althoughthe form of 07
isolatedby step 40 (-ve)may be slightlymore acid than the other two
forms.

The most frequentspecies in 07 is Holcus lanatus (87.0%), followed
closely by Juncuseffusus(82.6%).Nine other species have frequencies
of 50% or more: 70-80% - Carex nigra, 60-70% - Potentilla erecta,
A rostis stolonifera,Cirsium lustre,Galium lustre, Hydrocotyle 
vulgarisand Violapalustre;and 50-60% - E ilobium alustre and
Anthoxanthumodoratum.There are 11 specieswith a frequencyof 50% or
more in G7, a total of 126 specieshave been recorded from the 23
quadratsof the type and the mean number of species per quadrat is
20.1. This may be comparedwith the equivalent figures for G6, its
westernequivalent,of 19, 186 (from 89 quadrats) and 31.5. It is
clear from this that, in all aspects, 07 is nowhere near as
species-richas G6.

Figure 3 shows a tentativerelationship(dotted line) between acid,
dry grassland03 and acid wet grasslandG7. It is tempting to also
relate the type with very acid, damp grassland04, on the basis of
increasingwetness,but the numberof extreme acid species in this
type and absent from 07, more or less precludesthe idea. If valid,
this relationshipwould necessitatea rapid increasein acid species
from 03 to G4 and then a sharp declineagain in G7 which is unlikely
to be a common developmentalsequence.Examinationof the distribution
of vegetationtypes within sites shows that G7 usually occurs in close
proximityto 03 which is taken as strong evidence to support a
relationship of some sort, although it is not necessarily a
successionalone. The followingtable lists the preferential species
for 03 as comparedwith G7.

PreferentialSpeciesfor Type 03

SpeciesNames 03 07

Achilleamillefolium 20.6 4.3
Agrostistenuis 83.5 34.8
Ammophilaarenaria 31.6 0.0
Callunavulgaris 61.3 17.4
Campanularotundifolia 25.4 4.3
Carex arenaria 69.6 4.3
Cerastiumholosteoides 29.1 4.3
Erica cinerea 36.4 8.7
Festuca ovina 70.3 0.0
Lotus corniculatus 35.9 4.3
Rumex acetosella 22.2 4.3
Veronicaofficinalis 25.4 0.0
Viola riviniana 28.1 13.0
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PreferentialSpecies for Type G7




Species Names G3 G7

Achilleaptarmica 1.8 30.4
Agrostiscanina 9.8 1.7
Agrostis stolonifera 8.7 60.9
Angelicasylvestris 0.9 26.1
Carex echinata 0.2 21.7
Carex nigra 8.5 73.9
Cirsium palustre 1.6 60.9
Deschampsiacespitosa 0.9 21.7
Epilobiumpalustre 0.2 56.5
Equisetumfluviatile 0.0 21.7
Galium palustre 0.7 60.9
Hydrocotylevulgaris 0.9 60.9
Juncus articulatus 1.4 21.7
Juncus effusus 5.5 82.6
Potentillaerecta 31.8 65.2
Potentillapalustris 0.2 34.8
Ranunculusflammula 0.5 21.7
Ranunculusrepens 5.0 26.1
Sagina procumbens 3.4 21.7
Viola palustris 1.1 60.9

• 'au

„Specieswhich are preferentialto G3 and decliningin G7 are mostly
the remnantsof dune species (leftover from D2) such as Ammophila
arenaria (31.6%in 03 down to 0.0% in 07) or Carex arenaria (69.6% to
4.3%), or dry acid speciessuch as Calluna vul aris (61.3%to 17.4%),
Erica cinerea (36.4% to 8.7%) and Festuca ovina (70.3% to 0.0%).
Species preferentialto 07 are mostly acid, wet species such as Carex
nigra (8.5% in G3 to 73.9% in G7), Galium alustre (0.7% to 60.9%),
H drocot le vul aris (0.9%to 60.9%) and Juncus effusus (5.5% to
82.6%).So many species are involvedin both directions, and their
relativefrequenciesare so sharplydifferent,that the change from G3
to 07 must be regarded as. something approaching a discontinuity.
Detailedanalysisof the two types using existingdata could reveal to
what extent this is so or whether there is sufficient within-class
variationto bridge the differencebetween the two vegetation types.
In the other direction, that of increasing wetness, it is possible to
compare G7 with one of the Marshlandtypes, namely wet marsh 142. This
comparisonwill be deferreduntil the section on the Marshland family
but both slightlyacid, wet grasslandG6 and acid, wet grassland type
G7 can be regardedas being possible transitions to the Marshland
types. The nature of the transitionis unexpectedlycomplex and will
be discussedin the contextof the comparisonsmentionedabove.

It is also possible to compare slightly acid, wet grassland, G6
(western),directlywith its easternequivalent,acid, wet grassland

I 07, not becauseone can develop into the other but just to illustrate
the differencebetween the types in floristicterms (in the same way
that it was done-forD1 and D2 above). The list of preferentials for
this comparisonis given in the followingtable.

11.
1
1'
1
I.
I.

I.
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G6 G7

Anagallistenella 43.8 4.3
Bellis perennis 56.2 0.0
Caltha palustris 76.4 4.3
Cardaminepratensis 69.7 17.4
Carex flacca 28.1 4.3
Carex flava agg. 25.8 4.3
Carex panicea 57.3 8.7
Carex pulicaris 27.0 0.0
Cerastiumholosteoides 47.2 4.3
Cynosuruscristatus 43.8 0.0
Dactylorchisspp. 51.7 0.0
Eleocharispalustris 25.8 0.0
Equisetumarvense 24.7 4.3
Eriophorumangustifolium 46.1 8.7
Euphrasiaofficinalisagg. 38.2 0.0
Juncus articulatus 61.8 21.7
Juncus bulbosus/kochii 20.2 0.0
Leontodonautumnalis 59.6 17.4
Lotus corniculatus 30.3 4.3
Lychnis flos-cuculi 43.8 13.0
Mentha aquatica 27.0 0.0
Molinia caerulea 42.7 13.0
Myosotis caespitosa 21.3 4.3
Oenanthelachenalii 21.3 0.0
Pedicularis palustris 30.3 0.0
Pinguiculavulgaris 24.7 0.0
Plantagolanceolata 42.7 4.3
Plantagomaritima 23.6 0.0
Potentillaanserina 48.3 8.7
Prunellavulgaris 62.9 17.4
Ranunculusacris 70.8 17.4
Ranunculusflammula 80.9 21.7
Senecio aquaticus 33.7 4.3
Succisa pratensis 61.8 17.4
Trifoliumpratense 32.6 0.0
Trifoliumrepens 82.0 30.4
Triglochinmaritima 32.6 0.0
Vicia cracca 32.6 4.3

II PreferentialSpecies for Type G7

Species Names G6 G7




Achilleaptarmica 5.6 30.4




Agrostiscanina 9.0 21.7




Agrostis tenuis 9.0 34.8

II Cirsium palustre
Deschampsiacespitosa

1.1
1.1

60.9
21.7




Galium saxatile 1.1 34.8




Juncus effusus 21.3 82.6




Potentillaerecta 23.6 65.2




Ulex europaeus 2.2 26.1

II
Viola palustris 3.4 60.9

•

II



The extremespecies richnessof G6 as comparedwith 07 is emphasized
by the long list of species (38 in all) preferentialto 06. Most of
the species preferentialto G6 can be interpretedas being indicative
of wet, slightlyacid, fairly nutrient-rich conditions. As already
discussed,there is probablya strong element of flushedsoils in the
type. By contrast,the species preferentialto G7 are more acid and
less nutrientdemanding.

The most importantcover species in 07 is Juncus effusus (16.0%),
followedclosely by Agrostisstolonifera(13.3%),Pteridium a uilinum
(9.1%)and Ulexeuropaeus( .3% . Seven other species have mean cover
of 3% or more - Holcuslanatus(4.1%),Carex nigra (4.0%), Agrostis 
tenuis (3.8%),A ostis canina (3.5%),Festucarubra (3.5%), Molinia 
caerulea (3.5%) and Calluna vul aris (3.1%). However, a closer
examinationof the main cover species reveals a curioussituation.The
species tend to be polarizedbetween those that are quite frequent
with moderate cover, e.g. Juncuseffusus(82.6%and 16.0%), Agrostis 
stolonifera(60.9% and 13.3%),Holcuslanatus (87.0% and 4.1%) and
Carexnigra (73.9%and 4.0%), or those restricted to relatively few
quadratswith high cover,e.g. Pteridiuma uilinum (13.0% and 9.1%),
Ulexeuropaeus(26.1%and 8.3%), A ostis tenuis (34.8% and 3.8%),
A rostis canina (21.7%and 3.5%),Molinia caerulea (13.0% and 3.5%)
and Calluna vul aris (17.4%and 3.1%). The prime example of a low
frequency,high cover species is Pteridium a uilinum which is a
dominantin all 13.0%of the quadrats in which it occurs with a mean
cover of 70.0%.Ulex euro aeus is similar,being present in 26.1% of
quadratsand is is dominantin 21.7% with a mean cover of 38.0%. In
fact, this is a general feature of acid, wet grassland07, that it can
exhibit a wide range of dominantspecies whilst still retaining the
basic species complementwhich causes it to be consideredas a type. A
more detailed study of G7 would be required to establish the
unberlyingcauses or dynamicsof this situation.One relevant factor
is almost certainlyhabitat complexity, there being raised, better
drained areas within the generallywet habitat.This is inferred from
the presenceof such species as Pteridium,Ulex and Calluna. In this
type of situation,dominanceof a particularspeciesmay be determined
by the relativeamounts of various habitatswithin the confinesof the
quadrat.

The total cover of vascularplants in 07 is high at 106.1%,suggesting
some degree of multi-layeringin the cover. In addition to this,
bryophytesoccur in 95.7% of quadrats with a mean cover of 7.9%.
Lichens are much less common,with a frequencyof 13.0%and mean cover
of 0.1%. A wide range of other cover types occur in 07 with low
frequency and cover. The only one worth detailing is freshwater,

recordedin 26.1% of quadratswith a mean cover of 3.5%.

Acid, wet grassland07 is not stronglyassociatedwith any soil type.
Thin Soils TS1 (8.7%)and TSB (8.7%)are significantlyassociated but
only account for 17.4% (out of 95.7%). Both of these types are
characterizedby high water table. Other ,common soil types are
semi-mature,Deep Sandy Soil DS6 (17.4%)and mature Deep Sandy Soil
DS7 (13%).Peaty Soils (PS1-P55)account for 25.9% of quadrats.

Grazing pressurein 07 is even lower than in 06, where this feature
was noted. No grazingwas recordedin 17.4%of quadrats,light grazing
in 60.9%,moderate grazing in 13.0%and heavy grazing in 8.7%. The
most common grazinganimal is the rabbit with 43.5%, followed by
cattle (34.8%)and sheep (21.7%).Signs of deer were recordedin 13.0%
of quadrats.Human disturbanceis not an importantfeatureof 07 and
no particularpattern can be detectedwith so few examples of the
type. Some quadratscontain aquatic habitats - puddle (13.0%), pond
(8.7%), river (4.3%) and dried-uppuddle (4.3%).
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In terms of local aspect,07 shows no marked trend but in general
aspect there is a marked ?preference for north and east (together

73.9%)as opposed to west'(4.3%).Slopesiaregenerally shallow, with
91.3% under 5 degrees.Surface type is similar,with 73.9% plane and
17.4%undulatingsimple (totalof 91.3%).G7 is a low-lyingtype with
95.7% of quadratsbelow the 50ft contour.Its positionin..relationto
the sea is very similar to that of 06, exhibiting a wide range of
distancefrom HWMST and a mean of 681m.

The geographicaldistribution of acid, wet grassland 07 is very
interestingas superficially,at least, it seems to be the eastern
equivalentof the predominantlywestern06. This is taken as fairly
good evidencethat 06 and 07 are not developmentallyrelated. In the

west, G7 is totallyabsent from the Outer Hebrides but there are
single exampleson Oronsay and at Redpoint. There are also two
quadratsof the type at Torrs Warren in the extreme south-westbut, as
this site is includedin the East Coast, Main Type (SiteType 9), this
is not unexpected.The rest of the quadratsallocatedto G7 occur in
sites on the east or north coasts,with a peak at Spey Bay (West)
where 18% of the type is present.
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7.4.5 PeatlandFamily (P1-P3)

There are three vegetationtypes in this family.Two of these, PI and

P2, are shown in Figure 3 as either successionaldevelopmentsof acid,

damp grassland G2 or as being of independent development. This

situationis interpretedas being an exampleof convergence,i.e. that

differentoriginscan lead to the same end point. The third type, P3,

is not shown. It is not a common type (only 8 quadrats) and its

relationship with the other vegetation types, if any, is not

Lmmediatelyobvious.The comparativerarityof P3 and its lack of

affinitywith other vegetationtypes is probablybecause it depends on

a ratherspecializededaphichabitat.The draingeconditionsthat give

rise to flushingof the soil profile, i.e. receiving sites, are

relatively uncommon and localized in the population under

consideration.

The common factor in the Peatlandfamily is, as the name suggests,the

peaty natureof the soil. This soil type has the possibility of two

distinctorigins.Firstly,as a successionaldevelopment, where peat

•formationtakes place on what was originallya sandy substrate. For

example,a number of soil profilesrecordedin the survey contained

peat overlying what appeared to be blown sand. However, other

conditions,such as high water table and a fairly siliceous type of

sand, are prerequisitesof this developmentalsequence.Other profiles

consistof peat overlyingwater laid depositsOf sand or sand, gravel

and cobblemixtures.The secondmode of origin of a peaty soil is

quite different.Examplesof this type includepeat overlyingroCks or

boulders or other compacted substrates, i.e. blanket peat, and deep

peat in which the underlyingmaterialis unknown,i.e. basin peat or

estuarinepeat. The presencewithin a site of this type of peat is

dependenton the positionof the site boundary and its geographical

distribution,i.e. where on the Scottishcoast it occurs.With respect

to site boundary,some sites followor are within the confines of

blown sand, or other soft deposits,whilst others extend beyond these

limits.The most common source of peaty soils is raised rocky areas

within the site, e.g. rocky headlandsat the side of bays or more

elevated land at the inland boundary of the site. As far as

geographicaldistributionis concerned,there are more peaty soils in

the west and north where high rainfall and humidity favour this

development.As a result,P1 is a predominantlywestern and northern

type and P2 has an exclusivelywestern distribution(thereare too few

examplesof P3 to comment).The few easternexamplesof the Peatland

family,e.g. 9% of P1 at Morrich More, seen to be associatedwith high

water table around small lochs or other water bodies where, for one

reasonor another,sufficientlyacid conditionshave pertained. More

commonly,such situationsare occupiedby one of the Marshland types

(MI or M2), wet, slightlyacid dune grasslandD5 or one of the wetter

Grasslandtypes such as 06 or 07. Details of distribution for the

Peatlandfamilyare discussedin the contextof the individual type

descriptionsbelow.

Finally,it shouldbe noted that peat and peat bogs are very much a

marginalhabitatas far as the CoastalSurvey is concerned. Firstly,

thereare not many quadrats(155 or 4.0%) in the whole family and,

secondly, this is inevitably a somewhat biased sample of the

vegetationthat grows in peaty habitats, being restricted to those

typeswhich occur at relativelylow elevationin coastal situations.

The key cannot, therefore,be expectedto identifyvegetationfrom any

peaty habitat,but only those that occur borderingOn sandy, coastal

deposits.Even within this narrow context,the three types of peaty
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vegetationidentifiedare fairlybroad as comparedwith, say, the
Dunelandor Grasslandfamily and within-typevariationis almost
certainlyhigher.
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P1 - Transitionalpeat bog, dominated by Molinia caerulea, Calluna

yulgarisand (Festucaovina)

This is by far the most commonPeatlandtype with 108 quadrats (2.8%)
for which there are five outlets in the key (see Figure 6A). However,

two of these outlets,steps 10 (-ve)and 18 (-ve),account for 87 of
the 108 quadrats (80.6%of the type). The three other outlets, 19

(+ve) with 4 quadrats,33 (+ve)with 14 quadratsand 37 (+ve) with 3
quadrats,isolate the remainderof the type. The difference between

the five forms of P1 is probablynot very significant ecologically.
The crucial divisionis step 4 in the key, where the six negative

indicators- A rostis stolonifera,Carex nigra, Leontodon autumnalis,

Prunellavul aris, Ranunculusacris and Trifolium re ens - can be

interpreted as wet and mildly acid, whilst the four positive
indicators- A ostis tenuis,Calluna vul aris, Carex arenaria and
Festuca ovina - suggest rather drier and more acid conditions.Outlets
18 (-ve), 19 (+ve)and 37 (+ve),with a total of quadrats, stem from

the negativeside of step 4 and outlets 10 (-ve)and 33 (+ve),with 60
quadrats,from the positive side and may thus be interpreted in
relationto these indicators.PeatlandP1 has been given the name

"transitional"becausequadratsallocatedto this type usually contain
some species that are a more nomallyassociatedwith the Grassland (or
even Duneland)types along with the more acidophilous and peaty

species.Step 10 of the key, which dividesthe most common form of P1
from P2 and P3 (plusanothermore extreme form of P1), serves to
illustratethis point,with such species as Eu hrasia officinalis
agg., Lotus corniculatus, Plantao lanceolata, Th mus drucei,
Trifolium re ens and Viola rivinianaas indicators for Pl. Step 11
assists in the interpretation of the second most common form (18

(-lie)),with positive indicators such as Carex echinatal Erica
tetralix, Erio horum an ustifolium, Molinia caerulea and Nardus

stricta,being interpretedas acid, wet conditions.

The followingdescriptionof P1 is based on the compositeof all five
forms of the type and is thus biased towards the two most common
forms, outlets 10 (-ve)and 18 (-ve).

The two most commonspeciesin transitionalpeat bog P1 are Potentilla 
erecta (97.2%)and Callunavul aris (91.7%).Twelve other species have

frequenciesof 50% or more: 80-90% - Anthoxanthum odoratum, Molinia
caerulea,Succisa ratensis,and Erica tetralix;70-80% - Sieglingia
decumbens;60-70% - Carex panicea,Nardus strictaand Holcus lanatus;
and 50-60% - Carex nigra, Carex echinata,Trifoliumre ens and Lotus 

corniculatus.All but the last two of these species can be interpreted
as indicatingacid or wet conditions,or both. The type contains 69
species with a frequencyof 10% or more. A number of these, with
intermediate frequencies, are more typical of drier, less acid
conditions,e.g. Festuca rubra (46.3%), Eu hrasia officinalis a .

(38.9%),Plantao lanceolata (36.1%), Viola riviniana (28.7%) and
Thymus drucei (25.0%).Hence the use of the word "transitional" in the

type name. Typical quadratsincludeboth peat or peat bog and drier
more raised habitatswithin the same 25 sq m quadrat..

As already suggestedabove (see also Figure 3), the most likely
developmentalrelationshipof transitionalpeat bog P1 is with acid,
damp grasslandG2. The preferentialspecies for the comparisonbetween
these two types are given in the followingtable.



PreferentialSpeciesforTypeG2:-

SpeciesNames G2 P1

• Achilleamillefolium 44.4 7.4
Bellisperennis 59.6 6.5
Campanularotundifolia 22.2 1.9
Centaureanigra 20.2 3.7
Cerastiumholosteoides 57.6 14.8
Cynosuruscristatus 41.4 17.6
Galiumverum 54.5 6.5
Hieraceumpilosella 31.3 6.5
Koeleriacristata 57.6 14.8
Leontodonautumnalis 39.4 18.5
Linumcatharticum 55.6 8.3
Plantagolanceolata 89.9 36.1
Poa pratensis 43.4 14.8
Prunellavulgaris 74.7 35.2
Ranunculusacris 55.6 21.3
Rumexacetosa 28.3 8.3
Thymusdrucei 84.8 25.0
Trifoliumpratense 40.4 16.7
Violariviniana 68.7 28.7

PreferentialSpeciesforTypeP1:-

41/

SpeciesNames
sk;

G2 P1

Agrostiscanina 11.1 42.6
Anagallistenella 13.1 26.9
Carex echinata 9.1 55.6
Droserarotundifolia 0.0 21.3
Ericacinerea 10.1 33.3
Ericatetralix 22.2 82.4
Eriophorumangustifolium 7.1 44.4
Hydrocotylevulgaris 7.1 21.3
Juncuseffusus 6.1 23.1
Juncussquarrosus 6.1 -23.1
Molinia caerulea 27.3 87.o
Nardusstricta 24.2 68.5
Nartheciumossifragum 3.0 40.7
Pedicularissylvatica 8.1 28.7
Ranunculusflammula 8.1 27.8
Trichophorumcespitosum 1.0 22.2

Commonin G2 butdecliningin P1 are a numberof mainly acidophilous,
dry or damp speciessuch as ellis rennis,down from59.6%in G2 to
6.5%in P1, Plantao lanceolata(89.9%to 36.1%), Prunella vularis
(74.7%to 35.2%),Thymus drucei (84.8%to 25.0%)and Viola riviniana
(68.7%to 28.7%).Speciesincreasingin P1 as comparedwith G2 are
mostlyindicativeof moreacidor wet conditions,e.g.Carexechinata,
up from9.1%in G2 to 55.6%in P1,Ericatetralix (22.2% to 82.4%),
Moliniacaerulea(27.3%to 87.0%)and Nardusstricta(24.2%to 68.5%).
Other obligate peat bog species such as Drosera rotundifolia,

I.

I.
I.

I.

I.
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Nartheciumossifra and Tricho horum ces itosum are (virtually)
absent from 02 but have put in an appearancein Pl. These same species
will go on to be even more..commonin P2, to be describednext.

In terms of cover, transitionalpeat bog P1 is dominated by Molinia
caerulea (23.0%)and Calluna vul aris (16.2%).There is then a big
drop to the next most important cover species, Festuca ovine and
Nardus strictaeach with 4.2% cover.Three other species have mean
cover of 3% or more - Erica tetralix (3.5%), Anthoxanthum odoratum
(3.5%)and Carex panicea (3.4%).Total cover of vascular plants is
quite high at 101.0%and vegetationcover is significantlyadded to by
bryophyteswhich occur in 97.2% of quadratswith a mean cover of 9.9%
(cf. 100.0%and 4.4% for G2). Lichensare somewhatless important in
P1, being presentin 50.9% of quadratswith cover of only 0.4% (cf.G2
with 52.5% and 0.4%). As might be expected,there is very little bare
sand in P1, it being presentin only 4.6% of quadratswith 0.5% cover
(cf. 15.2%and 3.9% in 02). The only important non-vegetative cover
categoriesare boulders,recorded in 15.7% of quadrats with 1.1%
cover, and solid rock (28.7%and 4.8%). Decomposed organic matter,
i.e. bare peat surface,occurs in 14.8%of quadratswith a cover of
0.6%. Freshwateris presentin small quantities, 14.8% of quadrats
with a cover of 1.5%.

Acid, damp grassland02 is the most species-rich vegetation type in
the survey (meanof 31.0 species per quadrat) and transitional peat
bog P1 is still quite rich with 26.5 species per quadrat. The total
number of species recordedin the type is also quite high at 171 (cf.
178 for 02).

A total of 46 potentialdominants(specieswith 10% or more cover in a
quadrat)were recordedfor P1, 30 in more than one quadrat. In
general, these dominantsconform closelywith the top cover species
(see above). One of the more interesting species is Myrica gale which,
althoughit only occurs in 16.7%of quadrats,is a dominant in 7.4%
with a mean cover in these quadratsof 23.8% (this becomes a really
important dominantin P2). Salix repens can also be a local dominant
in the type (4.6% of quadrats).

There are strong correlationsbetweenP1 and the soil types. Highly
associatedare the two (peaty)Thin Soil types T35 (2.8%) and TS7
(13.0%)and all five of the Peaty Soil types - PSI (4.6%), P32
(13.0%),P33 (6.5%),P34 (18.5%).and P35 (13.0%).Togetherthese seven
soil types account for 71.4% (out of 97.2%) of the quadrats. Other
relativelycommon soil types are semi-mature, Deep Sandy Soils DS5
(3.7%)and D56 (4.6%) (bothof these negative associations), mature,
Deep Sandy Soil 0S7 (6.5%)and Thin Soil T59 (5.6%). The dominant
featurehere is the peaty nature of the soil. The presence of some
non-peatysoils is only to be expected in a transitional type,
dependingon the exact positionof the quadratcentre. There is even a
small minorityof non-peatysoils in P2 (see below).

Grazing pressure is reduced in P1 compared with G2, with no grazing in
3.7% of quadrats (1.0%in 02), light grazing in 42.6% (27.3% in 02),
moderategrazing in 49.1% (45.5%in 02) and heavy in 4.6% (26.3% in
02). This is probably, at least in part, a reflection of the
differencein dominant species in the two types; Festuca rubra,
Festuca ovine and a wide range of other grass species dominate02 and
Molinia caeruleaand Callunavul aris in P1, the latter species being
less palatable.Recordsof grazing animalsbear out the difference to
some extent,with cattlein 47.2% of quadrats (50.5%for 02), sheep in
76.9% (82.8%for 02) and rabbitin 54.6% (67.7%for G2).

•
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Humandisturbanceis alsolessin P1 as comparedwith G2, with wall
(3.7%),fence(3.7%),vehicletrack(3.7%),paths unsurfaced(3.7%),
old cultivation(1.9%).The most interestingfeature is that fire
evidencewas recordedin 6.5%of quadrats(cf.1.0%for G2 and 7.7%
for P2).The possibleinterpretationof fireevidenceis dicussed in
moredetaillater, in the type descriptionfor P2. Rubbish was
recordedin 15.7%of quadrats(cf.12.1%forG2).

Aquatichabitatsaremuchmoreimportantin P1 than in G2. For the
standingwaterhabitats,puddlesoccurredin 5.6%of quadrats,rut in
2.8%,ditchin 6.5%,pondin 2.8%and lochin 1.9%. Similarly,with
flowingwater,stream(6.5%)andspring/flush(4.6%). Dried-up water
habitatsare alsopresent,with puddle (2.8%),rut (3.7%), ditch
(0.9%)and stream(2.8%).

As faras localaspectis concerned,transitionalpeatbogP1 is more
or lessneutralbutgeneralaspectshowsa slightpreferencefor south
or west (together62.1%).Slopeis veryvariable,with 51.9% in the
1-5degreecategory,24.1% in the 5-15 degree and 5.6% over 15
degrees.Surfacetypeis similarlyvariablewith 31.5% Plane, 48.1%
undulatingsimple,14.8%undulatingcomplexand 5.6% broken. If, as
suggested,P1 is mostlyblanketbog,or the fringeof basinbog, this
is whatmightbe expected.Elevationis an importantfeatureof P1 and
only 38.0%of quadratsare underthe50ftcontour.The typeextendsas
highas the 300-350ftzoneandmeanelevationis 93.5ft(cf. G2 with
95.7(t).Thereis alsoa widerangein distancefromthe the sea for
P1, from 10-50mzoneup to the 1500m+.Meandistanceis 437m(cf.319m
forG2).As alreadynoted,someexamplesof the type occur on rocky
headlandssetintoor at the sidesof themainsandyareas.This type
of.locationproducesexamplesof P1 thatarenearerto the sea.

Transitionalpeatbog P1 has an interestinggeographicaldistribution.
It is essentiallya westerntype,onlyoccurringin two siteseast of
Strathyon the north coast - Morrich More with 3 quadrats and
Tentsmuirwith 1.The typeis particularlycommonon Colonsay,where
Oronsayhas 26%,Garvard(16%)and KiloranBay (21%). It is absent
fromTireebut twoof the threesiteson Collcontainseveralquadrats
of the type- CrossapolandGunna(11%)andGallanach(7%).P1 is very
uncommonin thelow-lyingsiteson Southand NorthUist but reappears
on HarrisandLewis.Anotherareaof concentrationfor the typeis in
the mainlandsitesfromRedpointon thewestcoastto Strathy in the
middleof the northcoast.
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1
P2 - Wet peat bog, dominatedby Molinia caerulea,Calluna vulgarisand

Myrica gale

It will be noted that the first two species in the above name are the
same, and in the same order,as for Pl. Only Myrica gale is different
replacingFestucaovina. Despite this apparent similarity, the two
types are fairly distinct.

Wet peat bog P2 is not a particularly common type, with only 39
quadrats (1.0%).The type has four outlets in the key; step 25 (-ve)
with 5 quadrats,33 (-ve)with 23 quadrats,-34 (+ve)with 5 quadrats
and 41 (-ve)with 6 quadrats.Numerically,step 33 (-ve) is the most
important,isolatingover half of the type, but, because all four
outletsare in the same branch of the key, originatingat step 6 (-ve)
(see Figure 6A), there are unlikelyto be serious differences between
the forms.This branch of the key is entirelydevoted to sorting out
the three Peatlandtypes.

The most common speciesin P2 are Potentillaerecta (100.0%), Calluna
vulgaris(94.9%)and Molinia caerulea (94.9%).Only four other species
(7 in all) have a frequencyof 50% or more - Erica tetralix (89.7%),
Erio horum an ustifolium(69.2%),Myrica gale (53.8%)and Trichophorum
cespitosum(51.3%).

The.differencebetween transitionalpeat bog P1 and wet peat bog P2 is
summarizedby the followingtable of species preferentialto the two
types.

PreferentialSpecies for Type P1:-

SpeciesNames P1 P2

Agrostis stolonifera




25.0 2.6
Agrostis tenuis




34.3 0.0
Anagallistenella




26.9 0.0
Carex echinata




55.6 20.5
Carex flacca




20.4 0.0.
Carex flava agg.




25.9 2.6
Carex nigra




58.3 25.6
Carex pulicaris




41.7 0.0
Euphrasiaofficinalisagg. 38.9 0.0
Festucaovina




47.2 12.8
Festuca rubra




46.3 10.3
Festuca vivipara




27.8 7.7
Holcus lanatus




63.0 5.1
Hydrocotylevulgaris




21.3 2.6
Hypochoerisradicata




21.3 0.0
Lotus corniculatus




50.0 0.0
Luzula campestris




24.1 10.3
Luzula multiflora




35.2 12.8
Nardus stricta




68.5 12.8
Pedicularissylvatica




28.7 10.3
Plantagolanceolata




36.1 0.0
Plantagomaritima




43.5 0.0
Prunella vulgaris




35.2 0.0
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Ranunculusacris 21.3 0.0
Ranunculusflammula 27.8 2.6
Salix repens 32.4 15.4
Selaginellaselaginoides 22.2 0.0
Sieglingiadecumbens 76.9 0.0
Succisa pratensis 85.2 33.3
Thymus drucei 25.0 0.0
Trifoliumrepens 50.9 0.0
Viola riviniana 28.7 0.0

PreferentialSpecies for Type P2:-




SpeciesNames P1 P2

Myrica gale 16.7 53.8
Trichophorumcespitosum 22.2 51.3
Eriophorumvaginatum 2.8 33.3

The first feature to be noted about this table is the large number of
species (32) which are preferentialto PI and decliningin P2, whereas
there are only three species preferentialto P2. It should also be
noted,that half of the species preferentialto P1 are totally absent
in P2, i.e. percentagefrequencyis 0.0 in the latter type. Virtually
all the species that are preferentialto P1 are absent or much reduced
in P2, e.g. Holcus lanatus,down from 63.0% in P1 to 5.1% in P2, Lotus
corniculatus(50.0% to 0.0%),Sie lin ia decumbens(76.9% to 0.0%) and
Trifoliumre ens (50.9% to 0.0%).Even such speciesas Nardus stricta
are much reduced (68.5% down to 12.8%). The three species preferential
to wet peat bog P2 are all extremewet, acidophilousspecies - Myrica
gale (16.7% to 53.8%), Tricho horum ces itosum (22.2% to 51.3%) and
Erio horum va inatum (2.8% to 33.3%).

As might be expectedfrom the above tables,the species richnessof P2
is much reducedcomparedwith Pl. The mean number of species per
quadrat is reducedfrom 26.5 in P1 to 12.8 in P2 and the total number
of species recordedin the type is reduced from 171 from 108 quadrats
in P1 to 68 from 39 quadratsin P2. As already noted, the number of
specieswith a frequencyof 10% or more is 69 in P1 but this is
reduced to 31 in P2.

The two main speciescontributingvegetativecover in P2 are the same
as for P1 - Calluna vul aris (30.4%) (cf. 16.2% in P1) and Molinia 
caerulea (27.7%) (cf. 23.0% in P1). Molinia is seen to be virtually
unchangedbut the cover of Calluna in P2 is nearly double that in Pl.
Other importantcover speciesin P2 are Myrica gale (7.5%), Eriophorum 
angustifolium (5.3%), Erica tetralix (4.1%) and Trichophorum 
cespitosum (3.9%). Pteridiuma ilinumalso acheivessome cover, with

! a mean of 3.2% but from only 7.7% of the quadrats (thismeans that it
has a mean cover of about 40% in just 3 out of 39 quadrats allocated
to P2). Total cover of vascularplants is 101.5% (cf. 101.0%for PI),
or more or less completecover of vascularplants.However,bryophytes
must be consideredas an additionto this and, with a frequency of
100.0%and mean cover of 20.3%, they are seen as an important element
of this vegetationtype (cf. 97.2% and 9.9% for P1). Various Sphagnum
speciesmake up a high proportionof the cover in this type (for
details see Appendix6 Bryophytesin the Scottish Coastal Survey).
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Lichens are less important,occurringin 38.5% of quadratswith a mean
cover of 1.1%.Non-vegetativecover is relativelyunimportant,with no
bare sand at all recorded.Undecomposedorganicmatter occurs in 28.2%
of quadratswith a mean cover of 3.3% and the equivalent figures for
decomposedorganicmatter are 12.8%and 0.8%. Solid rock 'occurs in
23.1% of quadratswith a mean cover of 5.3%, i.e. about 20% cover in
the quadratsin which it is present.Freshwaterwas recordedin 10.3%
of quadratswith a mean cover of 0.4%.

Wet peat bog P2 is quite well characterizedin terms of soil types. It
is highly associatedwith two of the more extreme wet, Peaty Soils,
P34 (35.9%)and P85 (23.1%).One of the Thin Soils, TS7 with (10.3%),
is also significantlyassociated.Togetherthese account for 69.3% of
quadratsin the type. Other common soil types are Peaty Soils P82
(7.7%)and Thin Soil T89 (5.6%).This raises the proportion accounted
for to 82.6%.The remainingsoils recordedfor P2 are types which are
at least rich in organicmatter.

The trend of decreasinggrazingpressurefrom 02 to P1 is continuedin
P2. No grazingwas recordedin 7.7% of quadrats, light grazing in
74.4%,moderategrazing in 17.9% and heavy grazing did not occur at
all. Recordsof herbivoresshow a similar decline, with cattle in
28.2% (47.2%in P1), sheep in 56.4% (76.9%in P1) and rabbit in 48.7%
(54.6% in P1).

There is not much evidenceof human disturbancein wet peat bog P2,
except that 10.3%of quadratshad embankments in them (spoil from
drainage ditches?) and 15.4% had unsurfaced paths. Rubbish was
recordedin 7.7% of quadrats (cf. 15.7% in P1). The only other
disturbance feature of interest is fire evidence, which was necorded
from 7.7% of quadratsin P2. From 02 to P2 (see Figure 3) there is
increasingevidenceof fire as an influencingfactor (1.0% in G2, 6.5%
in P1 to 7.7% in P2). This is a similar trend to that noted for the
eastern series D2, 03 and 04. The trend would seem to be an almost
direct reflectionof the degree of flammabilityof the vegetation. In
this case, the most readily burnt species are Calluna vul anis (6.2%
cover in 02, 16.2%in P1 and 30.4%in P2) and Molinia caerulea (2.8%
in 02, 23.0% in P1 and 27.7% in P2). Some other species, such as
Mvrica Rale, Erio horum an ustifoliumand Tricho horum ces itosum may
also play a part.

Despite the relativelylow figures for fire evidence (never greater
than 10%),there is little doubt that fire can be an important factor
in certain coastal vegetationtypes, e.g. 03, (in the east), P1 and P2
(in the west). As notedabove, flammabilityseems to be the common
factor and this is largelyinfluencedby the cover of Calluna,Molinia
and Ulex. The problem now arises as to what frequencyof burning does
a single observationproportionof, say, 5% of quadrats showing fire
evidence,indicate?The answer to this question depends entirely on
how long clear evidence of burning remains on the ground and,
unfortunately,this tends to be longest with woody species like
Callunaand Ulex and least where grassessuch as Ammophilaand Molinia
are concerned.It is, therefore,possiblethat the increasedfrequency
of burning in heather dominated types may be an observational
artefact,caused by the relative persistence of evidence. A light
spring fire in Ammophilaor Moliniamay be undetectableafter a matter
of a few weeks, whereas,in tall heather or gorse the evidence may
persistfor severalyears. In shorter (moreregularlyburnt) heather,
fire evidencemay persist for as little as a year, depending on the
intensityof the burn.
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In summary,neitherquestion- whetherfireevidenceis biased toward
woodyvegetationtypes(?)or,withwhatfrequencydo firesoccur (?)
- is reallyanswerableon the basis of a single visit survey. A
frequencyof fireevidenceof 5% and a persistenceof one year would
predictthatthe probabilityof firein a given year was 1 in 20
whereasa persistenceof threeyearswouldreducethis to 1 in 60.
Directevidencedrawnfromthesize (age)of Callunaand Ulexsuggests
that,in mostsites,fireis quitecommon.Onlyin Torrs Warren were
therereallyextensiveareasof tall,oldCalluna and this site is
knownto haveremainedunburntsinceabout1936(anextensivefirehas
sinceoccurredat thissite).

LiketransitionalpeatbogP1,wet peatbogP2 is characterizedby the
presenceof a rangeof aquatichabitats.For the standingwater type,
puddlesoccurredin 10.3%of quadrats,ditch(2.6%)and loch (2.6%).
No flowingwaterwas recordedbut dried-upwater, in the form of
puddle(5.1%),ditch(10.3%),stream (2.6%) and loch (2.6%),was
recordedin the type. These levels of aquatic habitatsare very
similarto P1 (seeabove).

Wet peatbogP2 showsa strong preferencefor west in both local
aspect(53.8%)and generalaspect(59.0%).Slopes are slightlymore
gentlethanfor P1,withlessthan 1 degree25.6%(18.5%forP1), 1-5
degrees48.7%(51.9%for P1),5-15degrees20.5%(24.1% for P1) and
over 15 degrees5.1%(5.6%forP1).The proportionof steeper slopes
.inthe typeis a little unexpecteduntil a closer examinationof
individualquadratsis undertaken.Thisshowsthat a number of the
quadratsallocatedto thetypeoccuron quitelocalizedpeaty areas,
e.g.hollowsin raisedrockylocalities.Thismeans that most steep
slopesare probablyan edgeeffect.Also, it should be noted that
slopeswererecordedforthefull 200 sq m quadrat and were not
limitedto the central25 sq m, on whichthe vegetationclassification
ia based.Surfacetypesshowsimilartrends,with 79.5% of quadrats
eitherplaneor simpleundulating.P2 is a more low-lyingtype than
P1, with59.0%of quadratsunderthe 50ftcontour(cf.38.0% for P1)
and with a mean elevationof 50.6ft (93.91t for P1). Like P1, P2
occursat widely differentdistancesfrom the sea (10-50mzone up to
1500m+)witha meanof 504m(cf.437mfor P1).

The geographicaldistributionof wet peat bog P2 is very
characteristic,occurringin onlyeightsites.All of thesesites are
in thewestof Scotlandandmostlyon theinnerHebrides (Colonsayand
Islay)or on themainland.Thereare onlytwoquadratsof the type in
theOuterHebrides(PabbayandUig).The greatest frequencyof the
typeis at Laggan Bay on Islay,where no less than 40%of that site is
occupiedby P2 (17 out of 39 examples of the type). Garvard, on
Colonsay,is composedof 29%of P2 and Redpointon the mainland 22%.
The remainingfivesiteshaveno more than two quadrats each. From
Sandwoodon the north-westerntipof Scotlandalong the ,north coast
and rightdowntheeastcoastthereareno examplesof wet peatbogP2
in any site.
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P3 - Flushed peat bog, dominatedby Molinia caerulea,Calluna vul aris
and (Myricagale)

It will be immediatelynoted that the threemost common dominants in
P3 are exactly the same and in the same order as for wet peat bog P2.
Again, this shows how dominantscan be misleadingfor, in fact, the
two types are quite differentin a large number of other respects.

Flushed peat bog P3 is a very uncommon type with only 8 quadrats
(0.2%)in the survey.This is consideredto be too few quadrats to
draw firm conclusionsand the followingis a rather brief description
of the type, which is all that is possiblein the circumstances. The
type has three outlets in the key; step 17 (+ve)with 2 quadrats,step
25 (+ve)with 3 quadratsand step 41 (+ye)also with 3 quadrats.There
is no reason to suppose there are ecologicallysignificantdifferences
between these three forms. Steps 25 and 41 are both in the part of the
key that is'entirelydevotedto Peatlandtypes (see Figure 6A) and
step 17 (+ve) is an isolatefrom quadratsthat otherwiseproceed to G1
or G2.

The most common species in P3 is Potentillaerecta (87.5%).Below this
there is a big drop to seven specieswith a frequencyof 62.5%,i.e. 5
out of the 8 quadrats- Carex nigra, Erica tetralix, Holcus lanatus,
Juncus effusus,Nardus stricta,Rumex acetosaand Viola alustris. A
furthersix speciesoccur in 50% of quadrats - A ostis canina,
Anthoxanthum odoratum, Calluna vul aris, Carex echinata, Molinia
caeruleaand Potentilla lustris. This means that there are 14
species with a frequency of 50% or more and 58 with 10% or more (which
is also the total complementof speciesfor the type).

It is difficultto decide from what flushedpeat bog P3 has developed
or to what other type it is most closelyrelated.It is similarto P1

and P2 by being peaty but is less acid and, probably, more mineral
rich (hencethe use of the term "flushed"in the type name). In terms
of mineral richness,it is more like acid, wet grassland G7, which
type also has a rather similargeographicaldistribution.Finally, it
can also be regardedas being similarto very acid, damp grassland G4
and, in fact, purely in terms of specieschange as measured by the
preferentialspeciesfor the two types, this relationshipinvolvesthe
minimum changein composition.The return to partlymineral soils in
P3 also makes it similar to G4 (and G7) but, against this, is the
geographicaldistributionof G4, which is exclusivelyeastern. P3 is
also rathera hummockytype with wet hollowsand drier raised areas,
often in the form of closely packed tussocks. In this respect it
resemblesG7.

Because P3 is not a common type it would be superfluousto explore the
above relationshipsin further detail.However,just to illustrateone
of these possiblerelationships,and it is not seriouslysuggested it
is a successionalone, the following table of preferential species
makes the comparisonbetweenvery acid, damp grasslandG4 and flushed
peat bog P3.
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PreferentialSpeciesfor TypeG4:.-




SpeciesNames 04 P3

Agrostistenuis 86.2 12.5
Carexarenaria 69.0 0.0
Cerastiumholosteoides 24.1 0.0
Festucaovine 89.7 25.0
Galiumsaxatile 89.7 25.0
Juncussquarrosus 37.9 12.5
Luzulacampestris 44.8 12.5
Luzulamultiflora 51.7 25.0
Poa pratensis 86.2 0.0
Salixrepens 31.0 12.5
Seneciojacobaea 27.6 0.0
Sieglingiadecumbens 20.7 0.0
Trifoliumrepens 27.6 0.0

PreferentialSpeciesforTypeP3:-

SpeciesNames 04 P3

t.Angelica sylvestris 0.0 25.0
ae Carexechinata 3.4 50.0

Dryopterisdilatataagg. 6.9 25.0
Empetrumnigrum 6.9 25.0
Equisetumpalustre 10.3 25.0
Eriophorumangustifolium 0.0 37.5
Moliniacaerulea 6.9 50.0
Myi-icagale 0.0 25.0
Potentillapalustris 3.4 50.0
Violapalustris 31.0 62.5

In thistable,a seriesof speciesfavouringdamp,acid soils, (with
freedrainage)in 04, e.g. A rostis tenuis, Festuca ovina, Galium
saxatile and Poa pratensis, give way to species that require wetter

conditions(withhighwatertable)in P3, e.g.Carexechinata,Molinia
caerulea,Potentillaalustrisand Viola alustris.One feature that
is not apparentfrom the above comparisons between types is the
behaviourof certainspecies which range over all the types under
consideration.The most strikingof these is Potentilla erecta, with
96.6%in 04, 65.2%in G7, 97.2%in PI, 100.0%in P2 and 87.5% in P3.

In termsof coverspecies,flushedpeatbog P3 is remarkablysimilar
to the two other Peatlandtypes PI and P2. The most important species
is Molinia caeruleawith 27.5%cover(cf.P1 with 23.0% and P2 with

27.7%)and Calluna vul aris 23.1% (cf. PI with 16.2% and P2 with
30.4%).Even the thirdmost importantspecies Erio horum an ustifolium
(4.5%)occurs in the other two types (121with 1.3%and P2 with 5.3%).
Again,thisis a warningagainstjumpingto hasty conclusions about
the ecologicalrelationshipsof vegetationtypes based purely on
dominants.Severalfurtherspecieshave mean cover of 3% or more -
Juncus effusus (3.3%),Nardus striate (3.3%), Potentilla alustris
(3.3%),Festucarubra (3.2%)and Juncusacutiflorus(3.2%).Meancover

I.
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of vascularplantsis 97.6% and this 4s supplemented by that for
bryophytes,which occur in 100.0%of quadratswith a mean cover of
13.4% (cf. 9.9% in P1 and 20.3% in P2). Lichens are totally absent
from P3. There is a very restricted range of non-vegetative cover
types in P3 but undecomposed organic matter occurs in 37.5% of
quadratswith a mean cover of 10.1%,decomposedorganic matter 12.5%
with negligiblecover and freshwaterin 37.5% and 1.4%.

As might be expected with such an uncommon type, the range of
potentialdominants(15 species)is limitedto those speciesthat make
a major contributionto the overall coverwithin the type. PeatlandP3
is moderatelyspecies-rich,with a mean of 16.3 species per quadrat
(cf.26.5 for P1 and 12.8 for P2).

The only significantassociationbetween flushedpeat bog and the soil
types involvesThin Soil TS8 (a peaty type) with 37.5% of quadrats.
Other types which occur are Deep Sandy Soils D36 (2 quadrats)and D37
(1 quadrat),Peaty Soil P33 (1 quadrat)and Thin Soil T39 (1 quadrat).
The main emphasisis thus seen to be is on peaty soils with a higll
water table or overlyingrock.

Grazing pressureis much reducedin P3, with 25% of quadrats ungrazed
and 75% ligbtlygrazed. Cattlewere recorded in 12.5% of quadrats,
sheep in 25.0% and rabbitin 25.0%.There are few records of human
disturbanceof any type but fire evidencewas recordedin one quadrat
(12.5%)and rubbishfrom 37.5%.

No sensibleconclusionscan be drawn about aspect.Slopes are fairly
gentle,with 87.5% under 5 degrees,and the surface type is similar
with 87.5% either plane or simple undulating. Most •quadrats (62.5%)
are located under the 50ft contourwith a mean height of 56.3ft. Mean
distancefrom the sea of 964m is higher than for any other Peatland
type (cf. P1 with 437m and P2 with 504m).

No real conclusionscan be drawn about the geographical distribution
of flushedpeat bog P3, which occursin only five sites. There are
three quadratsof the type at Torrs Warren in the south-west of
Scotlandand two at Forvie in the east.Looking at the distributionof
P3 within sites does little to resolvethe relationshipsof the type.
Generallyit occurs in close proximityto G3, G4, P1 or P2.
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7.5 VegetationTypes Influencedby Freshwater

There is just one family,Marshland,in this sectionof the vegetation
classification.The family itself comprisesfour types (two of them
very minor) in which the common factor is, as the family name
suggests,the water relationsof the soil. As might be expected,there
is no discontinuitybetweenthe Marshlandtypes and some vegetation
types in other familieswhich are influencedby water, but to a lesser
degree. Other families with which the Marshland types have some
affinitiesincludeDuneland (wet,slightlyacid dune grassland D5),
Grassland (slightlyacid, wet grasslandG6 and acid, wet grassland
07), Peatland (flushedpeat bog P3) and Saltmarsh (upper saltmarsh
54). In the case of 54, the wet influence is largely in terms of

brackishwater but the borderlinebetweenfresh and saltwatermarsh is
inevitablysomewhatblurred.The distinction between the Marshland
family and these types is largelyarbitrary.In floristic terms, it
depends on the balancebetweengenuinemarsh species,i.e. those that
do not grow anywhereelse, and those species requiring a different
type of habitat.In environmental terms, the marshland habitat is
characterized by high water table and largely anaerobic soil
conditionsthroughoutmost of the year. It is the continuityof these
factors that may be the importantfeature.Other habitats, e.g. some
low dune slacks,may have a temporarilyhigh water table - usually in
the winter - but this is lowered throughout most of the growing
season.Many sand dune areas have quitewide fluctuationsin the level
of their water table.In general, the Marshland types escape this
fluctuation in water level by having some special relationship with

the drainagepatternof the site.Usually they are in close proximity
to some permanentwater body or some major (artificial or natural)
drainagechannel.Other examples of the type are found in water
receivingsituations,i.e. flushedareas.

Because the Marshlandtypes are fairly uncommonin the coastalhabitat
as comparedwith other families,e.g. Dunelandand Grasslandfamilies,
this presentscertainanalyticalproblems. These are problems that
have been solved (see Section 6.3) but only at the expense of
increasedcomplicationof the key that can be used to derive these
vegetaationtypes.Marshlandtype M1 has 8 outlets in the key, M2 has
9 and M3 and M4 2 each. The same situationarisesin the maritime part
of the population,the Saltmarshand Foredune families, where upper
saltmarshS4 has no less than 13 outletsin the key for 81 quadrats.
This does not imply that the key is any less accuratefor such types
than it is for a type with only one or two outlets,but that most of
the quadratsin minoritytypes contain conflicting evidence as to
their affinities.This is because,as well as the specialized species
which only they support,they also containan assortment of species
that are typicalof the more commonvegetation types. This type of
complexityis not always easy to resolve.

Initially,the sortingprocessof the key tends to be based on the
common speciesfound in the common vegetationtypes. Only later does
it take much account of the rarer species found in the, rarer
vegetationtypes. This is what causes the fractionationof the rarer
vegetationtypes, a condition which has to be rectified by the
re-allocationprocedure.The apparently curious mixture of species
often found in the rarer vegetationtypes is usually the result of
transitionswith, or occlusionsof, other types. Rare types tend to
have a large edge effect,i.e. a sample is likely to fall on an edge,
partly becausethey occupy a small total area - otherwise they would
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not be rare- andalsobecausetheytendto be brokenup intoa number
of smaller,discontinuouspatches.In eithercase,the lengthof edge
is highin proportionto thearea.Themostextreme example of this
effectis foundwherethereare linearhabitats,suchas a stream or
lochedge,and thisis exactlywheremostof the Marshland types of
quadratsoccur.In the firstyearof the survey (1975), water edge
(lochor stream)wassampledas a separatestratum(seeSection 4.2).
Becauseof the lowareasampled,alliedto a fixednumberof samples,
thesamplingintensityin this type was higher in 1975 than in
subsequentyears(whensamplingwas proportionateto area). Hence a
disproportionatenumberof Marshlandtypequadratsemanate fiom that
year (N.B.thisis correctedfor by calculatingweighted frequencies
in all mapsor tables showing proportionsof vegetationtypes in
sites).To be surveyedproperly,suchlinearvegetatiOntypes really
requirea smallersized,or even linear, quadrat as the basis of
sampling.Thisfactwas realizedin advanceof thesurveybut it was
consideredthatthedetailedstudyof specializedhabitats was not
reallya legitimatepursuitin a largescale,generalsurvey.

As with the Peatlandfamily above, no claim is made that the
classificationof marshyor boggytypesis satisfactoryin a wider
context.Thereasonsforthislimitationare the same as for the
Peatlandfamily,i.e.thesampleon whichthe typesare basedis small
and almostcertainlyrepresentsa biasedviewof the total population
whichcanoccurin thistypeof habitat.
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7.5.1 MarshlandFamily (M1-M4)

This family,with 134 (3.5%) quadrats allocated to it, does notrepresenta particularlyimportantpart of coastal vegetation. Withthe exceptionof M2, the family is not a very satisfactory one.However,in partial mitigation, M2 does comprise 87 out of 134quadrats (64.9%)of the family.

Figure 4 shows the putative relationship between the types. Theabsenceof arrows,except for two cases (M1 and M2 to M3), is meant toindicatethat developmentof one type from another is not consideredto be a likelyor normal event.The possiblerelationship with otherfamiliesis shown on the lefthandside of the diagram.
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M1 - Damp, disturbed marsh, dominated by (A rostis stolonifera),
Holcus lanatusand (Arrhenatherumelatius)

There are 37 quadratsof this type (1.0%) for which there are 8
outletsin the key; step 23 (+ve)isolates4 quadrats,step 54 (-ve)
with 8, step 56 (+ve)with 11, step 61 (+ve)with 3, step 65 (+ye)
with 2, step 66 (+ve)with 2, step 68 (+ve)with 5 and step 76 (+ve)
with 2. First of all, it should be noted that just two outlets, step
54 (-ve)and 56 (+ve),determineover 50% of the type (19 out of 37
quadrats)and, secondly,that all but one of the outletsoccur in the
same part of the classification(see Figure 613). This part of the
hierarchy,determinedby step 1 (-ve),step 2 (-ve)and step 3 (+ve),
is largelyconcernedwith sortingout the base-rich members of the
Dunelandfamily (typesD1, D2, D3 and D4) and Colonist type C. The
sectionof key stemmingfrom the next step (42 (+ve)) is entirely
concernedwith Marshlandtypes (M1,M2 and M4) andForedunetypes (F1
andF2).This is taken as evidencethat damp, disturbed community M1
is a reasonablyvalid type in which the commonfactorsare some degree
of base-richnessand wetness,i.e. there are few acid elementspresent
becausethese are representedby the Grassland (part) and Peatland
families.

The first notablefeatureof M1 is that it has no really "constant"
species,i.e. no specieshas a high frequencyin the type. There is no
specieswith a frequencyof over 60% and only four in the 50%-60%
range- Cirsiumarvense(56.8%),Ranunculus re ens (56.8%), Holcus
lanatus 54.1%) and Festuca rubra (51.4%).This featureis also found
to a lesser extent in wet marsh M2 (to be dealt with next), which has
only A ostis stolonifera(86.2%)with a frequencyof over 60%. The
reasonfor the lack of constant species in what are moderately
species-richtypes (18.2and 17.2species per quadratfor M1 and M2
respectively)is not reallyunderstoodat the present time. The most
obvious explanationis that they are not very homogeneous types and
this may be true,in the sense that they are not such tightly defined
types as are found in the Dunelandor Grasslandfamilies. Disturbance
in M1 and the presenceof specializedhabitatsin M2 may account for
some of the effect.There are 51 speciesin M1 with a frequencyof 10%
or more.

Figure 4 shows a relationshipbetweendamp, disturbed marsh M1 and
semi-stabledune grasslandD3. It is not seriouslysuggestedthat this
is a normal successional relationship but it is, at least
theoretically,possiblefor D3 to changeinto M1 under conditionsthat
lead to an increasein wetness,e.g. raisedwater table or a blowout
or erosioncuttingdown to producea new land surface nearer the water
table. The following table of preferential species makes the
comparisonbetweenthe two types.

PreferentialSpecies for Type D3:-

SpeciesNames D3 M1

Ammophilaarenaria 70.5 29.7

41
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PreferentialSpeciesfor Type MI:-

SpeciesNames D3 Ml

Agrostisstolonifera 9.9 48.6
Equisetumpalustre 0.2 24.3
Filipendulaulmaria 4.7 27.0
Lathyrus pratensis 4.7 32.4
Lolium perenneagg. 9.5 21.6
Ranunculusrepens 10.8 56.8
Rumex acetosa 9.7 24.3

The abbreviatednatureof this table is in itself proof of the
similarityof the two types.The singlespecies preferentialto D3 and
decliningin MI is Ammo hila arenaria (downfrom 70.5% in D3 to 29.7%
in M1). This can be interpretedas increasingwetness or soil profile
development,i.e. increasein stabilityand humus content. Probably
both factors are active,becauseM1 containsa notablywide range of
soil types, from beach deposits to peat! There are seven species
preferentialto M1 and and five of these can be interpreted as
resultingfrom a straightforward increase in wetness - Agrostis
stolonifera(up from 9.9% in D3 to 48.6%in M1), E uisetum lustre
(0.2% to 24.3%), Fili endula ulmaria (4.7% to 27.0%), Lathvrus
pratensis(4.7% to 32.4%)and Ranunculusre ens (10.8%to 56.8%). The
increasein Lolium renne a . (9.5% to 21.6%) and Rumex acetosa
(9..7%to 24.3%) is neitherso clear-cutnor interpretable.The fonmer
speciesmay well be relatedto re-seedingand the latter does favour
damper habitats.

When examinedin terms of cover,M1 appears to be even more peculiar.
The most importantcover speciesturns out to be Petasites h bridus
(10.4%).But this speciesonly occurs in 10.8%of quadrats, i.e. it
has virtually 100% cover in just 4 quadrats!The secondmost important
cover species is Festucarubra (8.8%), followed by Lolium erenne
(7.9%),A ro ron re ens (6.0%)and Ulex europaeus(5.8%).Apart from
Festuca,which occurs in 51.4% of quadrats,the other species are to
some degree similar to Petasites,i.e. achievinghigh cover in just a
few quadrats.Lolium occurs in 21.6% of quadrats,Agropyron24.3% and
Ulex in 16.2%.Arrhenatherumelatius is more like Festuca rubra with
5.7%cover and a frequencyof 40.5%. Other specieswith cover of 3% or
more are Ammo hila arenaria (cover 5.6% and frequency 29.7%), Agrostis 

stolonifera(4.8%and 48.6%),Holcus lanatus (4.5%and 54.1%), Cirsium
arvense (4.4% and 56.8%) and Anthoxanthumodoratum (3.1% and 18.8%).
The varied vegetationcover of MI is furtherdemonstratedby the list
of potentialdominants(specieswith 10% or more cover in a quadrat)
which is long for a type with so few quadrats,40 species in all and
20 in more than one quadrat.The list is typified by species which
achieveextremelyhigh cover as dominants, i.e. in those quadrats
where their cover exceeds 10%.For example,Petasiteshas a mean cover
as a dominantof 96.3%, Ammo hila arenariahas 50.0%and Anthoxanthum
odoratumhas 50.0%.

Vascularplantsachievealmost completecover in this type, with a
mean of 102.8%.Bryophytesand lichens are relatively unimportant,
bryophytesoccur in 51.4% of quadrats with a mean cover of 1.0%,
whilst the equivalentfiguresfor lichens are 2.7% and negligible
cover. A wide range of non-livingcover types was recordedin M1, the
most importantof these being undecomposed organic matter, with a
frequencyof 16.2%and cover of 2.9%, clay with 8.1% and 2.4%, bare
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sand with 37.8% and 9.2%, gravel with 8.1% and 0.9%, cobbles with
10.8%and 3.9% and boulderswith 8.1% and 0.1%. Fresh water occurs in
10.8%of quadratswith ajmean cover of 3.8%. Tidal litter was recorded
in 10.8%of quadratswith a mean cover of 0.2%.

As far as soil types are concerned, damp, disturbed marsh M1 is

singularly ill-defined. Only three soil types are significantly
associatedwith Ml, Beach Deposits303 (5.4%),Thin Soil TS3 (5.4%)
and mature Deep Sandy Soil D57 (24.3%),togetheraccounting for only
35.1%of the type. Other common soil types are semi-mature,Deep Sandy
Soils 055 (21.6%)and 056 (10.8%,this a negative correlation) and
Thin Soil TS9 (10.8%).The additionof these three types accounts for
a further43.2% (totalaccountedfor 78.3%). This really is a very
mixed collectionof soil types but examinationof individual quadrats
revealsthe common trendas being damp, often humic or disturbed
soils.

Grazing pressureon damp, disturbedmarsh M1 is quite low, with 35.1%
of quadratsbeing recordedas having no grazing, 35.1% as light, 18.9%
as moderate and 10.8% as heavy. Domesticated herbivores, in
particular,are much reduced,with cattlein 16.2% of quadrats and
sheep in 8.1%. Rabbitsare, however,fairly frequentat 56.8%. A wide
range of disturbance factors are present in Ml, usually at low
frequencylevels - wall (2.7%),fence (2.7%),tarmac road (2.7%),dirt
road (2.7%),vehicle track (5.4%), unsurfaced path (2.7%), planted
trees (5.4%),recent cultivation (2.7%), standing crop (2.7%) and
rubbish (18.9%).

A proportionof quadratscontainaquatichabitatsof various kinds -
loch (5.4%),ditch (2.7%), stream (5.4%), river (5.4%), dried-up
stream (2.7E.

Local aspect for M1 is fairly neutral but general aspect shows a
slightpreferencefor north and east (together 62.1%). Slopes are
varied,with up to 1 degree in 24.3% of quadrats, 1-5 degrees in
45.9%,5-15.degreesin 27.0% and over 15 degrees in 2.7%. Surface
types are similarlyvaried,with the majority being plane or simple
undulating(totalof 81.0%).Most of the examplesof M1 are under the
50ft contour (78.4%)but the type extendsas high as the 150-200ft
zone.Distancefrom the sea is extremely varied, with 5.4% in the
0-10m zone and 10.8%in the 10-50m.Such quadratsexplain the presence
of beach depositsand tidal litter.However,the modal distance for
the type is 200-400m (27.0%)but one quadratis over 1500m from the
sea. The distributionof distancefrom the sea is rather similar to
that for semi-stabledune grassland03 but the mean distanceis higher
325m (cf. 179m for D3).

The geographicaldistributionof damp, disturbed marsh M1 is quite
distinctive.It occursmainly on the east coast of Scotland, reaching
its peak in sites bordering the Firth of Forth where Dumbarnie,
Aberladyand Tyninghameall contain 10% of the type. It occurs less
frequentlyon the north coast but there is another minor concentration
on the northerntip of Lewis where Tolsta contains 13%. The rest of
the Hebridesand west coast contribute only three examples of the
type.

It is quite difficultto characterizedamp, disturbedmarsh M1 except
to use the term, quite often used in Clapham, Tutin and Warburg to
describethe habitatof certainspecies, such as Agropyron repens,
i.e. "waste places".In this instancethey are damp, waste places and
include such disturbed habitats as rubbish dumps, track edges,
embankments,ditch and stream beds and other areas that are disturbed
by a varietyof activities,some of them unknown.Species typical of
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thistype of 'situationinclude Arrhenatherumelatius, Heracleum
sphondylium,Urtica dioica, A ro ron re ens, Rumex crisus,
Potentillaanserina,Stellariamedia, Rumex obtusifolius,Galium
aparine,Poa annua,Ca sellabursa-astoris,Plantao maCor and Poa
trivialis.Thereis alsoan element of scrub invasion,e.g. Ulex
europaeusandHi hae rhamnoides,and of course other invasion in
the formof Petasitesh bridus,although all quadrats dominatedby
thisspeciesoccurredon Lewis(BarvasandTolsta). Low grazing may
alsobe a factorin the type which, on further examination,might
proveto be rathertransient,i.e.witha tendencyto settledown and
changeintosomethingelsewith time.This is somethingthat could
onlybe discoveredbymonitoringand, from a practicalviewpoint,
thereare probablyothermoreimportantvegetationtypes where the
dynamicsarein doubt.



I=N
o

m
,IN

N
m

in
,

m
i

1.
1.•

4.•
•



M
2

-
W
e
t

m
a
r
s
h

M
2

-
W
e
t

m
a
r
s
h







(
d
o
m
i
n
a
t
e
d

b
y

A
s
r
o
s
t
i
s

s
t
o
l
o
n
i
f
e
r
a
p

C
a
r
e
x

L
I
S
T

O
F

S
I
T
E
S

W
I
T
H

R
E
C
O
R
D
S
:
-

Q
U
A
D
R
A
T

S
U
R
V
E
Y
(
N
O
.

O
F

R
E
C
O
R
D
S

w
3
6

)
N
O
.
/
N
A
M
E
O
D
S
.
F
R
E
0
.
7




n
i
s
r
a

a
n
d

H
y
d
r
o
c
o
l
y
l
e

N
O
.
/
N
A
M
E

y
u
l
e
a
r
i
s
)

O
D
S
.
F
R
E
0
.
7







1

T
o
r
r
s

W
a
r
r
e
n




2
M
a
c
r
i
h
a
n
i
s
h

D
u
n
e
s

1
0






2
-

6
S
r
i
:
i
n
e
r
t




7
O
r
o
n
s
a
y

1
2






_

	
*

9
K
i
l
o
r
a
n

B
a
y

.
3

1
2

W
e
s
t

'
U
r
e
a

3
3




3
-





1
3

B
a
l
l
e
v
u
l
l
i
n

3
1
5

C
r
o
s
s
a
e
o
l

a
n
d

G
u
n
n
a

1
1







1
6

T
o
t
a
m
o
r
e

D
u
n
e
s

3
1
7

S
a
l
l
a
n
a
c
h

1
2





3






1
8

V
a
t



3

2
1

D
a
l
i
b
u
r
e
h

3
6




-
*



*




*





2
2

O
r
m
i
c
l
a
t
e

1
1

2
3

H
o
w
b
e
e

1
5




*







2
5

L
o
c
h

D
e
e

4
2
7

S
t
i
l
l
i
S
a
r
r
y

(
S
o
u
t
h
)

3
8







3
3

V
a
l
l
a
y

3
3
5

B
a
l
r
a
n
a
l
d

5
1
1







3
8

P
a
b
b
a
y

2
4
4

E
u
r
o
a
i
e

3
1
0




*






I
t
*




4
8

S
c
o
u
s
b
u
r
e
h

7
5
1

H
o
l
l
a
n
d

2
6





-
*




*




5
4

S
h
e
i
a
r
a

1
1

5
8

F
a
r
r

B
a
y

2
1

1
*
-
-





*
I
t




6
2

D
u
n
n
o
t

5
6
3

F
r
e
s
w
i
c
k

1
3

-
1
*
*
*







6
4

S
a
n
d
w
o
o
d

4
6
5

S
i
n
c
l
a
i
r
.

B
a
y

1
3







-
1




7
5

L
o
s
s
i
s
s
o
u
t
h

0
7
6

S
t
a
i
d
B
a
y
(
W
e
s
t
)

7
2
6

*
S
i
-




*




-
*
*
-
-

-
4
1
*



1
1
-

7
7

S
.
B
a
y

(
C
e
n
t
r
a
l
)

1
8
0

S
t
r
a
t
h
b
e
e

1
2

1
9

1
:
-






*



3
8
9

B
a
r
r
y

L
i
n
k
s

3
9
0

T
e
n
t
s
m
u
i
r

3
4

l
a
-







*
9
2

A
b
o
r
l
a
d
y

1
6
9
3

G
u
l
l
a
n
e

1
1

1-
11

-
*



11

*

	
1-

	
1

5-

1

*
2
-
-

3
2
-

	
*

2
-

	
*

*
-

	
*


*
-

1

lip
p

m
•

=I
m

i.
r

m
e-

n
I=

r
•



-128-

M2 - Wet marsh, dominatedby A rostis stolonifera, Carex nigra and
(H drocot le vul aris)

This is the most commonof the Marshland types, with 87 quadrats
(2.3%)allocatedto it. As already noted, it has no less than nine
outlets in the key; step 12 (+ve)which isolates 1 quadrat, step 20
(-ve)with 44 quadrats,step 59 (+ve) with 7 quadrats,step 61 (-ve)
with 25 quadrats,step 62 (+ve)with 4 quadrats,step 69 (+ve)with 2
quadrats,step 74 (+ve)with 1 quadrat,step 75 (+ve)with 1 quadrat
and step 83 (+ve)with 2 quadrats.This list reveals that steps 20
(-ve)and 61 (-ve) togetherdeal with 69 quadrats (79.3%)of the type.
The nine outlets for M2 are a good deal more dispersedin the key than
those for Ml. In particular,step 20 (-ve),which isolates just over
half of the type, is in a quite differentpart of the key (see Figure
6A), one which is chieflyconcerned with splitting up the various
forms of slightlyacid, wet grassland06 and acid, wet grassland 07
(alsominorityforms of D5 and P1). There is obvious logic about this
because,as alreadynoted in the introductionto the.Marshland family,
both 06 and 07 are considered to be borderline marshy types. The
crucial step in the key is step 3, where the more acid types go to the
negativeside. This is followedby step 4 which removes the extreme
acid element on the positiveside. Following this, on the negative
side, is step 5 which is concernedwith wet and dry species, the wet
indicators(+ve)beingCaltha lustris, Cardamine ratense, Galium
palustre,H drocot le vul aris and Ranunculus flammula. It is this
step which determinesthe branchwith step 20 in it. The other major
outlet for type M2 is firmly rooted in the part of the key that deals
with mainly Marshland types (see MI above and Figure 6B). As with Ml,
the majority of outletsfor M2 occur in the Duneland part of the key
(7 of the 9) but one outlet is, in fact, on the maritimeside of the
key. This is step 83 (+ve) which, although it isolates only 2
quadrats,does serve to show the continuityof freshwaterand brackish
marshes (as does a form of 06 from which M2 is separatedin this part
of the key, see Figure 6C).

All nine forms of M2 are considered together for the rest of the
descriptionof the type but it is as well to rememberthat there are
more and less acid forms of the type, and even a peripheral saltmarsh
influence,includedin the range of variation.

As alreadynoted, wet marsh M2, like MI, is weak on constant species
and only A rostis stolonifera(86.2%)has a frequency of over 60%.
FoUr other specieshave frequenciesfrom 50%-60% - Galium lustre
(55.2%),Carex nigra (54.0%),Holcus lanatus (52.9%) and Cardamine
pratensis (51.7%).There are 52 species with a frequency of 10% or
more (cf. 51 for M1).

Figure 4 shows a fairly close relationship between damp disturbed
marsh M1 and wet marsh M2. The followingtable of preferentialspecies
makes the comparisonbetweenthe two types.
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PreferentialSpeciesfor Type M1:-

Species Names

Caltha palustris
Cardaminepratensis
Carex nigra
Eleocharispalustris
Epilobiumpalustre
Equisetumfluviatile
Galium palustre
Hydrocotylevulgaris
Juncus articulatus
Juncus effusus
Lychnis flos- cuculi
Mentha aquatica
Myosotis caespitosa
Potentillaanserina
Potentillapalustris
Ranunculusflammula

Achilleamillefolium
Agropyronrepens
Ammophilaarenaria
Arrhenatherumelatius
Carex arenaria
Centaureanigra
Cirsium arvense
Dactylisglomerata.
Festuca rubra
Galium verum
Heracleumsphondylium
Lathyrus pratensis
Lolium'perenneagg.
Lotus corniculatus
Plantagolanceolata
Rumexacetosa
Senecio jacobaea
Taraxacumspp.
Urtica dioica

SpeciesNames

I.

I.

I.
I.

I.

I.

M1 M2

32.4 0.0
24.3 2.3
29.7 2.3
40.5 4.6
21.6 3.4
27.0 1.1
56.8 9.2
35.1 1.1
51.4 19.5
27.0 0.0
37.8 1.1
32.4 12.6
21.6 6.9
29.7 8.0
43.2 8.0
24.3 9.2
43.2 3.4
24.3 3.4
27.0 4.6

M1 112

5.4 44.8
5.4 51.7
0.0 54.0
5.4 27.6
0.0 36.8
0.0 28.7
2.7 55.2
5.4 44.8
5.4 44.8
2.7 21.8
0.0 28.7
8.1 31.0
5.4 21.8
18.9 41.4
0.0 27.6
2.7 26.4

! The ecologicalimplicationsof the above table are fairly clear.
Species preferentialto M1 and reduced in M2 are mostly of a type that
require dry or, at most, damp soil conditions but which cannot
toleratecontinuedwetness.Some of these are typical dune species
which can grow on more or less unmodified, dry sand, e.g. Achillea
millefolium(downfrom 32.4% in M1 to 0.0% in M2), Ammohila arenaria
(29.7% to 2.3%), Carex arenaria (21.6% to 3.4%),Festuca rubra (51.4%
to 19.5%),Galium verum (27.0%to 0.0%)and Plantao lanceolata(43.2%
to 8.0%). Several of the "coarser"grass species,which typicallygrow
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in waste places,are also on the declinein M2, e.g. A ro ron re ens
(24.3%to 2.3%), Arrhenatherumelatius (40.5%to 4.6%) and Dactylis 

glomerata (35.1% to 1.1%). One species which shows a slightly
unexpecteddeclinein M2 is Lath rus ratensis (down from 32.4% to
12.6%). Conversely, species favouring M2 as opposed to M1 are
exclusivelythose that grow in wet habitats,e.g. Caltha lustris (up
from 5.4% in M1 to 44.8%in M2), Cardamine ratensis(5.4% to 51.7%),
Carex nigra (0.0% to 54.0%), Galium lustre (2.7% to 55.2%),

H drocot le vul aris (5.4% to 44.8%), Juncus articulatus (5.4% to
44.8%) and E ilobium lustre (0.0%to 36.8%). Species richness is
very similarto Ml, with 17.2 species per quadrat (cf. 18.2 for. M1).

The main speciescontributingvascularplant cover to wet marsh M2 are
Carex nigra (8.5%)and A rostis stolonifera (7.9%). There are four
more specieswith mean cover of 3% or more - Juncus effusus (4.8%,but
only in 21.8% of quadrats),Juncus articulatus(4.5%),Carex rostrata
(4.3%,but only in 13.8%of quadrats)and H drocot le vul aris (3.6%).

As with M1, there is an extremelylong list of potentialdominants in
M2 (specieswith 10% or more cover in a quadrat). There are 34
potentialdominantsin more than one quadrat and another 34 in one
quadratonly (a total of 68 species).This is quite a high figure for
a vegetationtype with only 87 quadrats.

Total cover of vascularplants in M2 is less than complete, with a
mean of 92.7% (cf.MI with 102.8%).The differencein vascular plant
cover is largelymade up by a resurgence of bryophyte cover which
occurs in 73.6% of quadratswith a mean cover of 8.0% (cf. 51.4% and
1.0% in M1). Lichenshave little importance,occurringin only 5.7% of
quadratswith a mean cover of 0.1%. The most important non-living
cover categoriesare undecomposedorganicmatter in 11.5%of quadrats
with a cover of 2.0%, decomposedorganicmatter (12.6%and 1.5%) and
bare sand (19.5%and 8.4%, i.e. sand has a mean cover of about 40% in
20% of quadrats!).Freshwaterwas recordedin 33.3% of quadratswith a
mean cover of 8.2% and saline water 2.3% and 1.2% (the saltmarsh
elementin the type).

In terms of soil types,wet marsh M2 is much better defined than Ml.
Highly associatedsoil types are Peaty Soils P33 (10.3%), P34 (5.7%)
and P35 (10.3%)and Thin Soils (peaty)T38 (10.3%) and T39 (31.0%).
Togetherthese five types accountfor 67.6% of quadrats.Other common
soil types are semi-mature,Deep Sandy Soil 036 (12.6%) and mature,
Deep Sandy Soil 037 (8.0%)but both these represent strong negative
associations.This raises the total of quadrats accounted for to
88.2%.The overall relationship of M2 is with peaty soil types
although,in view of the species composition, this might be better
termed as highly organicsoils.The soil classificationbased only on
simple visual characteristics of the soil does not differentiate
properlybetween acid peaty soils and the more base-rich, high
organic,marshy soils.

Like damp, disturbedmarsh Ml, wet marsh M2 is lightly grazed. No
grazingwas recordedin 40.2% of quadrats (cf. 35.1% in Ml), light
grazing in 34.5% (cf. 35.1% in M1), moderate grazing in 19.5% (cf.
18.9%in M1) and heavy grazingin 5.7% (cf. 10.8% in M1). This low
pressureis in sharp contrastto heavily grazed types such as damp,
base-richdune grasslandD4, with grazingintensitiesof none (3.8%),
light (30.8%),moderate (35.8%) and heavy (29.6%). The source of
grazing pressurein £42is fairly well balancedbetween cattle (35.6%),
sheep (20.7%)and rabbit (32.2%).There is a certainamount of human
disturbance in £42 - embankment (2.3%), vehicle track (5.7%),
unsurfacedpath (5.7%), fire evidence (2.3%), recent cultivation
(1.1%)and old cultivation(2.3%).Rubbishwas recordedfrom 31.0% of•
quadrats (cf. 18.9%for M1 or D2 43.1%).
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Aquatichabitatsare quitean importantfeature of wet marsh M2.
Puddleswererecordedin 2.3%of quadrats,ditch(5.7%),pond (5.7%),
loch (16.1%),stream(2.3%),river (4.6%),dried-up puddle (1.1%),
dried-upditch(3.4%),dried-upstream(1.1%), dried-up pond (3.4%)
and dried-uploch(3.4%).

In termsof localaspect,M2 showsa slight preferencefor northern
aspects(32.2%)whereasgeneralaspecthas a strongtendency to west
(46.0%).Slopesareverygentlewith62.1%under1 degreeand 33.3%in
the 1-5degreerange(total 95.4%). Surface types show a similar
trend,with78.2%planeand 18.4%undulatingsimple(total96.6%).Wet
marshM2 is an almostexclusivelylowelevationtype, with 94.3% of
quadratsunderthe50ftcontour(meanelevation30.2ft OD). However,
distancefromthe sea is veryvariablefromthe0-10mzoneup to over
1500m+.Meandistancefromtheseais 778m (cf.325mforM1).

The geographicaldistributionof wet marsh M2 shows no distinctive
pattern.The typeis welldistributedroundthe Scottishcoast, being
presentin 36 outof the 94 sites.Notableareasof absenceare Harris
and Lewisin theOuterHebrides(althoughEuropiehas 10%of the type)
and partsof the eastcoast,probablythe resultof site truncation.
The typeachievesitsmaximumimportancein Spey Bay (West) on the
MorayFirth,with26%,andthisis closelyfollowedby Strathbeg(19%)
and Aberlady(16%).

The reasonfor thetypebeingso widelydistributed,withno sign of
the east/westdifferentationwhichcharacterizesso many other types,
is probablybecause hydrologicaland edaphic conditionsare the
criticalfactors,overridingclimate, substratetype and land-use
factors.In thisrespectthe typeis similarto Colonist type C and
semi-stabledunegrasslandD3,in whichstabilityand disturbanceare
thedominantfactors.A similarreplacementof critical factors is
particularlyevidentin theSaltmarshfamily,whereall butone of the
fivetypes show no marked geographical distribution. This is
interpretedas the effect of saltwaterinundationassumingthe role of
the criticalenvironmentalfactor.

• The remainingtwomembersof theMarshlandfamilyM3 and M4 can be
dealtwithverybriefly since, quantitatively,they are extremely
unimportant,with6 and 4 quadratsallocatedto themrespectively.
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M3 - Scrub invadedmarsh, dominatedby' (A rostis stolonifera), Ulex
europaeusand Salix cinereaa .

This type has just 6 quadrats(0.2%) allocated to it and has two
outletsin the key. Step 40 (+ve)isolates 2 quadrats and step 58
(-ve)4 quadrats.Becauseof its positionin the classification, the
formeris likely to representa slightlymore acid form of the type
(see Figures 6A and B).

The most common speciesin scrub invadedmarsh M3 is Holcus lanatus
(100.0%),followedby Lotus corniculatus(66.7%).Five species occur
in exactly 50% of quadrats- Ranunculusre ens, Rubus fruticosusa .,
Salix cinerea a .,Senecio 'acobaeaand Ulex euro aeus. Even from
this limitedlist of species,two of the main characteristics of the
type are evident; firstly the occurrence of dry habitats and,
secondly,the presence of scrub or woodland species. The third
feature,that of wetness,is also present as is evidenced by the
presenceof a number of marsh species, e.g. H drocot le vul aris
(33.3%), M osotis caes itosa (33.3%), Alnus lutinosa (16.7%),
Cardamine ratensis(16.7%),Carex rostrata (16.7%)and a whole list
of other speciesoccurringin one quadrat out of the six. Species
richnessis very similar to the other Marshland types with 16.2
speciesper quadrat (cf.MI with 18.2 and M2 with 17.2).

As far as relationshipswith other vegetation types are concerned,
shrub invadedmarsh M3 is probablymost similar to, and, indeed, may
be developedfrom, damp, disturbedmarsh Ml. Wet marsh M2 is another
candidate but, as this contains few drier habitats, the former

relationship seems more likely. The following table shows the
preferentialspecies for the two types MI and M3.

PreferentialSpecies for Types M1:-




SpeciesNames MI M3

Achillesmillefolium 32.4 0.0
Agropyronrepens 24.3 0.0
Ammophilaarenaria 29.7 0.0
Centaureanigra 27.0 0.0
Cerastiumholosteoides 37.8 0.0
Cirsiumarvense 56.8 16.7
Dactylisglomerata 35.1 0.0
Equisetumpalustre 24.3 0.0
Festuca rubra 51.4 16.7
Filipendulaulmaria 27.0 0.0
Heracleumsphondylium 37.8 0.0
Lathyruspratensis 32.4 0.0
Lolium perenneagg. 21.6 0.0
Plantagolanceolata 43.2 0.0
Rumex crispus 21.6 0.0
Taraxacumspp. 24.3 0.0
Trifoliumrepens 35.1 0.0
Urtica dioica 27.0 0.0
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PreferentialSpecies for Type M3:-

Species Names M1 M3

Agrostis tenuis 16.2 33.3
Deschampsiaflexuosa 0.0 33.3
Dryopterisdilatataagg. 0.0 33.3
Hydrocotylevulgaris 5.4 33.3
Lotus corniculatus 29.7 66.7
Myosotiscaespitosa 5.4 33.3
Pinus sylvestris 0.0 33.3
Rubus fruticosusagg. 2.7 50.0
Rumex acetosella 2.7 33.3
Salix cinereaagg. 0.0 50.0
Ulex europaeus 16.2 50.0

Species preferentialto M1 and declining in M3 are rather an odd
assortmentof dry habitatspecies,disturbancespecies and even some
wet species.Preferentialto M3 there are severalwoody species, e.g.
Pinus s lvestris(up from 0.0% in M1 up to 33.3% in M3), Rubus 
fruticosusam. (2.7% to 50.0%),Salix cinereaag . (0.0% to 50.0%)
and Ulex euro aeus (16.2%to 50.0%). Other woody species not yet
mentionedbut present in M3 are Myrica gale, Prunus s inosa, Rosa
.41Llailgg., Rosa pimpinellifolia,Sarothamnussco arius, Betula spp.
aridSalix ni icans. In this respect, M3 can be likened to shrub
itVadedgrassland06. Both are very uncommontypes but may represent
the ultimatesuccessionaltrend on their respective habitat types,
woodlandin the case of 06 and carr in the case of M3.

The three most importantcover species in M3 are trees or shrubs -

Ulex europaeus (23.4%), Salix cinerea a . (14.3%) and Pinus
sylvestris(14.2%).Other speciescontributingsignificant cover are
A rostis stolonifera(11.7%),Juncus articulatus (6.7%), Deschampsia
flexuosa .0% and Myrica gale (5.0%). There are 14 potential
dominants(specieswith 10% or more cover in a quadrat)in the type.

Total cover of vascular plants is high at 109.7% and this is
supplementedby bryophytesin 83.3% of quadratswith a mean cover of
10.1%.Lichenswere only recordedfrom one quadrat with negligible
cover. Important non-living cover categories include undecomposed
organicmatter in 50.0% of quadratswith mean cover of 20.0%, cobbles
in 33.3% and 10.0%and freshwaterin 33.3% and 4.2%.

There is very little to say about soil types except that they are
mainly rich in organicmatter.Soil types CS3 (16.7%),PS1 (16.7%)and
T59 (33.3%)are all significantlycorrelatedwith vegetationtype M3.

Grazing is again fairly lightin shrub invadedmarsh M3, with cattle
in one of the six quadrats (16.7%)and rabbit in five (83.3%). No
sheep were recordedin the type. In terms of human disturbance, one
quadrat had sand quarrying, one had an embankment and another
containedplanted trees. Rubbish was also found in one quadrat
(16.7%)..

Nothingcan be concludedabout aspect from so few samples.Slopes are
moderate,with 1-5 degrees in 66.7%of quadrats,and the most common
surface type is simple undulating(66.7%).All quadratsare under the
50ft contourand mean distancefrom the sea is 595m.
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No real conclusioncan be drawn about the geographicaldistributionof
shrub invadedmarsh M3 except that all 6 quadratsoccur in four sites
that belong to Site Type 9 - East Coast Main Type - namely Torrs
Warren, Lossiemouth, Spey Bay (West) and Tentsmuir. As already
discussed in relation to Grassland G4, which has a similar
geographicaldistribution,these are the largest (and probably most
complete)sites in the survey.
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M4 - Terrestrial/aquatictransitionalmarsh, with no clear dominants
(onlyone species,Ranunculustrichoh Ilus, has cover of 10% or
more in one quadrat

There is even less to be said about this type than there was for M3
above. Of the four quadratsallocatedto the type, three were half in
a loch and the fourthwas on the dried-upbed of a loch. There are two
outletsfor the type in the key; step 47 (+ve) with 3 quadrats and
step 62 (-ve)with 1. The difference between these is of little
concern.

The most common species in M4 is A rostis stolonifera (100.0%),
followedby Littorellauniflora(75.0%)and M rio h Ilum alterniflorum
(75.0%)- the lattertwo aquaticspecies.Three other species occur
with 50% frequency- Juncus articulatus,Ranunculustricho h Ilus and
Potamoeton filiformis.The remainderof speciesrecordedin the type,
of which there are 25, occur in one quadratonly and include a wide
range of dry, damp and wet terrestrial species and several more
aquaticones, e.g. Lobeliadortmannaand Potamo eton ramineus.

As already noted, the only species with significant cover is
Ranunculustrichoh Ilus (2.6%).Mean cover of vascularplants is low
at 7.1% and is complmentedby a 50.0% cover of bare sand, and 28.8%
freshwater.Bryophytesoccur in only one quadrat with negligible
cover. Lichenswere not recordedfrom the type.

Soil types are exclusivelyThin Soils (highlyorganic)TS8 (25.0%)and
Ts9 (75.0%).

Grazing in terrestrial/aquatictransitionalmarsh M4 is low, with 50%
ungrazedand 50% lightlygrazed.Animals recordedwere cattle (50.0%),
sheep (50.0%)and rabbit (50.0%). There is no evidence of human
disturbanceapart from loch edge litterin 75.0% of quadrats. Aquatic
habitatsare obviouslyimportantin M4, with loch 75.0% and dried-up
loch 50.0%, i.e. one quadrathad both wet and dried-uploch bed in it.

No conclusioncan be drawn about aspect for M4. Slopes are gentle with
under 1 degree 50.0% and 1-5 degrees50.0%. Surface types are 75.0%
plane and 25.0% simple undulating.All quadratsrecordedin the type
are under the 50ft contourand mean distancefrom the sea is 680m.

The four quadratsoriginatefrom just two sites, Stilligary(South)on
South Uist (with3 quadrats)and Faraid Head on the north coast (with
one quadrat).No conclusioncan be drawn from this distribution. Both
siteswere recordedin 1975 when the stratifiedsampling method with
water edge as a linearstratumwas in force. The exact positionon the
ground of the quadratis caused by the method of sampling in the
linearstrata (see Section 4.2) and has very little chance of
occurringwhere sampling intensity is proportional to total area
occupiedby a vegetationtype, as was the case in 1976 and 1977.
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7.6 MaritimeVegetationTypes

There are two familiesin this part of the classification

Saltmarsh- with 5 types (51-55)

Foredune- with 2 types (F1-F2)

The putativerelationshipsof these seven types are shown in Figure 5.

The common factorin the Maritimesectionof the classificationis the

influenceof salt or brackishwater, either in the form of periodical
(tidal)inundationor as spray. The salt influence leads to the
occurrenceof a number of speciallyadaptedspecies which do not occur
in other vegetationtypes. The presenceof these species is the basis
of the firstdivisionin the vegetationclassification:step 1 in the
key with two negative indicators - Plantago lanceolate and Poa

pratensis- and three positiveindicators- rmeria.maritima, Glaux
maritimaand Puccinelliamaritima.A score of 1 or more, i.e. no
negativeindicatorsand one or more positive indicators or some
balanceof negativeand positiveindicatorsresultingin a score of 1
or more, leads to the positive (maritime)side with 176 quadrats out
of 3,847 (3,843minus the 4 unclassifiable quadrats) or 4.6% of
quadrats.Of these 176 quadratsall but 11 are allocated to Saltmarsh
types 51-S5 (the remaindergo to G5 with 2 quadrats, G6 with 7
quadrats and M2 with 2 quadrats). Interestingly, step 1 fails to

isolate 3 quite unambiguouslymaritimequadrats,all of which contain
only Salicornia spp., i.e. real pioneer saltmarsh. This is because
Salicorniais not common enough in the maritime types as a whole to
constitute an indicator for them. However, step 2 of the
classificationdeals with the problemand isolates these intractable
quadratsfrom the remainder (3,501) using Salicornia s • as the

positive.indicator and Festuca rubra, Planta o lanceolata, Poa
pratensisand Trifoliumre ens as negativeindicators. The remainder
of divisionsstemmingfrom step 1 (+ve)are concernedwith sorting out
the differencesbetweenS1 to 85 and isolating the 11 (on balance)
terrestrialquadrats.

Despite their inclusionin the Maritimegroup, the Foredune types Fl
and F2 are isolatedin the non-maritimepart of the dichotomous key.
At least, this is the case for the primary classification,but in the
secondary (re-allocation)classification (see Section 6.2) the
Saltmarshand Foredunefamiliesare isolated together at the first
division (see Figure 2). Althoughthe evidence of the re-allocation
classificationis what has been used in the definitionof the Maritime
sectionof the classification,the Foredunefamily could probably be
consideredas non-maritimewith equal validity.In this case it would

probablyhave been merged with the Colonistfamily (containingthe one
type C).
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7.6.1 SaltmarshFamily (31-35)

The putativerelationshipsof the types in this family are shown in
Figure 5. Types 31, 34 and 35 are shown as forming the more or less

linearsaltmarshsuccession,whereas32 and 33 are represented as
deflectionsof this trend.In practice,most quadrats in 32 and 33
containwhat are, in conventionalterms, conflicting elements, i.e.
saltmarshspeciesfrom severallevels and non-saltmarshspecies in the
same quadrats.This conditionis the combinedresult of quadrat size
and the close proximityof differenthabitatson the ground. In some
sites in the survey there are large areas of fairly uniform saltmarsh
where there is little chance of a quadrat containing conflicting
elements.In other sites,saltmarshis restrictedto small patches or
fringes,often only a few metres across.In this type of situation
there is a good chance that a 25 sq m quadrat will fall on a
transitionand that saltmarshand non-saltmarshspecies will be found
within the same sample.The "impure"saltmarshtypes are, therefore,
very characteristicof a particular kind of site even though, in
conventionalterms, they may seem somewhatpeculiar.
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S1 - Lower saltmarsh, dominated by.,Puccinelliamaritime, Plantago
maritimaand Armeriamaritime

This is a reasonablycommonSaltmarshtype, with 55 quadrats (1.4%)in
the survey. In commonwith all the members of the Saltmarshfamily, S1
has multipleoutlets in the vegetationclassificationkey (see Figure
6C). In this case there are six outlets; step 2 (+ve) isolating 3
quadrats,89 (-ve)with 35 quadrats,90 (+ve) with 3 quadrats, 94
(+ve)with 3 quadrats,98 (+ve)with 7 quadratsand 103 (-ve) with 4
quadrats.Thus it is seen that one outlet, step 89 (-ve), is
responsiblefor nearly 64% of the type. As alreadynoted, step 2 (+ve)
isolatesthe most pioneerform of the type, with just Salicornia s .
present.All other outletsfor 31 stem from step 80 (+ve) in the kelt,
where the positiveindicatorsare Salicornias • and Suaedamaritime,
and the negativeindicatorsare A ostis stolonifera, Festuca rubra
and Juncus erardii,and a score of 0 or more goes positive. This
branch of the classificationis entirely devoted to differentiating
the more pioneertypes of 32 and $3 (impure types) from S1. In
conventionalterms, lower saltmarshS1 embraces pioneersaltmarsh and
low saltmarsh.Algae are quite commonlypresentin the type but were
not recordedin this survey.The compositeof all six forms of S1
forms the basis for the followingtype description.

The most common species in S1 is Puccinellia maritima (85.5%),
followed by Salicornia s . (65.5%), Armeria maritima (58.2%),
Planta o maritime (56.4%),Suaedamaritime (52.7%)and Glaux maritime
(50.9%).There are only four other specieswith a frequencyof 10% or
more - Aster tri olium (40.0%),S r ulariamedia (40.0%),Spergularia 
marina (20.0%)and Festuca rubra (12.7%).The type is conspicuously
species-poor,with a mean number of species per quadratof only 5.1.
Only 19 species are recordedfor the type as a whole. These figures
are lower than for any other vegetationtype in the survey.

The species contributing most cover to lower saltmarsh S1 is
Puccinelliamaritime (22.6%),followedby Plantao maritime (9.9%)and
Armeriamaritime (6.2%).Two other species have cover of 3% or more -
Suaeda maritime (3.7%)and Glaux maritime (3.1%).The total number of
potentialdominants(specieswith 10% or more cover in a quadrat)
recordedin the type is 12. Eight of them occur in more than one
quadrat and are closely similar to the top cover species.

Total cover of vascularplants in S1 is quite low at 54.0%. No
bryophytesare recordedfrom the type but lichens occur in 5.5% of
quadratswith 2.0% cover (theseare presumablyrocks with lichens on
them). The most importantnon-livingcover categories are saltmarsh
mud, in 41.8% of quadratswith a mean cover of 12.1%,bare sand (41.8%
and 14.7%),gravel (9.1%and 1.5%),cobbles (7.3% and 1.3%)and solid
rock (7.3%and 7.2%), i.e. 4 quadratswere substantially solid rock!
Saline water was recordedin 40.0% of quadratswith a mean cover of
6.9%. Additionalcover was contributed by tidal litter (41.8% and
1.4%)and other cover (36.4%and 8.3%), this latter category being
mostly algae.

Lower saltmarshS1 has the highest correlationwith soil type of any
member of the Saltmarshfamily. It is stronglyassociated with Sandy
Cobble Soil CS7 (3.6%),Thin (peaty)Soils.TS1 (7.3%),1S9 (14.5%)and
TS10 (7.3%)and Peaty Soils P32 (12.7%) and P53 (16.4%). Together,
these accountfor 61.8% of quadratsallocated to the type (out of
92.7% for which soil data are available).Other common soil types are
semi-mature,Deep Sandy Soil DS6 (16.4%)and mature, Deep Sandy Soil
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DS7 (5.5%).Thisbringsthe proportionof SI accountedfor to 83.7%.
The emphasisis on highorganicor peaty soils with a high water
table.

Crazingpressurein lowersaltmarshS1 is generallylight, with no
grazingin 45.5%of quadrats,lightgrazingin 30.9%,moderategrazing
in 9.1%and heavygrazingin 14.5%.Thesourceof grazingseemsto be
almostequallydividedbetweenthe threemainherbivoresrecordedin
the survey- cattle(30.9%),sheep(27.3%)and rabbit (32.7%).The
main humandisturbancein SI takestheformof vehicle tracks, which
wererecordedin 9.1%of quadrats,but presumablythis iS a very
persistenteffectin a "muddy"habitat.Rubbishwas recordedfromonly
1.8%of quadrats,i.e.eitherpeopledo notwanderabouton saltmarsh
or theirartefactsarewashedawayby the tide.However,it should be
notedthattidallitteroccursin 41.8%of quadrats.

Thereis a wide rangeof aquatichabitatsrecordedfor lowersaltmarsh
S1, mostof theminvolvingthe presenceof saltwater,e.g. saltmarsh
pan (18.2%),saltmarshcreek(23.6%),dried-upsaltmarshpan or creek
(29.1%)and rockpool (7.3%).A smallminorityof quadrats have some
freshwaterhabitatspresent,e.g.puddle,rut,stream,and loch.

Localaspectin S1 showsa distinct preferencefor south (43.6%),
whereasgeneralaspectis evenmorestronglybiasedtowardsthe north
(52.7%).What thismeansin environmentalterms it is difficultto
say.As mightbe expected,slopes are gentle, with 78.2% under 1
degree.Similirly,surfacetype is mostly plane (81.8%).However,
thereis stillthe odd quadratwithsteepslopesand broken surfaces
andmostof theseoccurcloseto HWMSTon the more steeply shelving
beachesand in amongstrocks.Allquadratsof S1 are locatedunderthe
50fecontourand themeandistancefromtheseais 22m.Most quadrats
occurin the 0-10mzone(43.6%)or 10-50m zone (43.6%),i.e. 87.2%
within50m of HWMST,but a feware at greater distance (up to the
200-400mzone).The moreinlandexamplesof thetypearethe resultof
verygentlyshelvingsituations.

Thereappearsto be no distinctivegeographicaldistributionfor lower
saltmarshSl, whichoccursall roundthe Scottishcoastin thosesites
thatcontainsomesaltmarshhabitat.In fact, saltmarshis a more
commonhabitaton theeastcoastof Scotlandand, in particular,in
siteson theMorayFirthandFirthof Forth.In the first of these
areas,MorrichMorecontains6% of thetype,Whiteness19%and Culbin
30%,whilstin the latterAberladycontains10%andTyninghame17%.On
thewestcoastthereare fewersiteswithmuchsaltmarshbut Vatersay
has 7% of Sl, LochBee has 5%, Tong (nearly whole site is saltmarsh of
one type or another) has 27% and Achnahaird has 7%. II.
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52 - Fringing,mixed saltmarsh,dominatedby Festuca rubra, Armeria
maritimaand Glauxmaritima


This type of saltmarshvegetationis much less commonthan S1 above,
with only 14 quadrats (0.4%)allocated to it. The type has three
outletsin the key, step 89 (+ve) isolating6 quadrats,step 102 (+ve)
with 2 quadratsand step 105 (+ve)with 6 quadrats.The first of these
steps is concernedwith resolvingthe differencebetweenS1 and 32 and
the other two steps with differentiationbetween52 and 54 (see Figure

6C). There is no reason to supposethat the three forms of 32 are
ecologicallyvery differentbut the type itself is fairly variable,
dependingon the exact natureof the habitatin which it occurs, i.e.
the nature of the fringe,the slope, the type of terrestrial habitats
included,etc.

The three most common species in fringing, mixed saltmarsh 32 are
Festucarubra(100.0%),Armeriamaritime (92.9%)and Planta o maritima
(92.9%).Other specieswith a frequencyof 50% or more are Puccinellia
maritima (85.7%), Glaux maritima (78.6%) and S er ularia media
(57.1%).This means that there are only 6 specieswith a frequency of
50% or more (13 with 10% or more). A totalof 23 specieswere recorded
from the type and the mean number of speciesper quadratis 7.5 (cf.
S1 with 5.1).

The followingtable of preferentialspeciessummarizes the floristic
differencebetweenlower saltmarshS1 and fringing, mixed saltmarsh
52.

PreferentialSpecies for Type S1:-

SpeciesNames




S1 52

Aster tripolium




40.0 0.0
Salicorniaspp.




65.5 0.0
Spergulariamarina




20.0 0.0

PreferentialSpecies for Type S2:-




SpeciesNames




•31 52

Agrostisstolonifera




0.0 35.7
Cochleariaofficinalis




1.8 28.6
Festuca rubra




12.7 100.0
Juncus gerardii




1.8 21.4

This tableshows the cOmpleteloss of certain low saltmarsh'species
from 51 to 32 and,the gain of severalupper marsh species. It is not
suggestedthat this is a normal successional process, like•the



developmentof uppersaltmarsh34 fromlowersaltmarshS1, because of
thespecializedhabitatsinvolved.

The species conferringmost vegetativecoverin 32 are Festuca rubra
(33.0%),Puccinelliamaritime(11.8%)and Armeria maritima (11.7%).
Otherspecieswithmeancoverof 3% or moreareGlauxmaritima(9.5%),
Plantao maritima(8.9%)and A rostis stolonifera(6.1%). Potential
dominants(specieswith 10%or morecover in a quadrat) are 8 in
numberand theirorderof importanceis closelysimilar to that for
the highcoverspeciesabove.Meancoverof vascularplants is 87.6%
(cf.SI with54.0%),themainnon-livingcovertypes being saltmarsh
mud in 7.1%of quadratsandwitha mean cover of 2.1%, bare sand
(57.1%and 5.8%),gravel(14.3% and 3.2%) and cobbles (21.4% and
0.1%).Salinewaterwas recordedfrom 21.4% of quadrats with mean
coverof 2.5%,tidallitter(28.6%and 0.8%) and other (21.4% and
3.6%,mostlyalgae).Bryophytesoccurin 14.3%of quadrats but with
negligiblecover,and lichensdo notoccurat all.

Fringing,mixedsaltmarsh32 is onlyweaklyassociatedwith the soil
types.Two types, Sandy Cobbles C34 (14.3%)and Peaty Soil P55
(14.3%),are significantlycorrelatedwiththis vegetationtype but
onlyaccountfor28.6%of the quadrats.Othersoil types range from
nearlypure,DeepSandD33 (7.1%)to PeatySoilP52 (7.1%).This lack
of correlationcouldhavetwodistinct sources. Firstly, the exact
positionof themiddleof the quadratmay be rather critical in a
fringinghabitator, secondly,theremay be a genuineindifferenceto
soiltype,withthesaltwaterfactordominatingall else.As most of
theSaltmarshfamily(apartfrom31) show rather weak associations

--iriththe soiltypes,the latter explanationseems to be the more
likely.

Grazingpressurein 32 is increasedcomparedwith31,with no grazing
in 7.1%of quadrats(cf.S1 with45.5%),lightgrazingin 14.3% (cf.
S1 with 30.9%),moderategrazingin 50.0%(cf.SI with9.1%)and heavy
grazingin 28.6%(cf.SI with 14.5%).Recordsof grazing animals are
similarlyincreased,withcattlein 57.1%,sheepin 35.7% and rabbit
in 57.1%(cf.31 with30.9%,27.3%,and 32.7% respectively).Vehicle
tracks(28.6%)are againthemainexampleof humandisturbance.Spent
cartridgesandotherarmamentswererecordedfrom7.1%of quadratsand
rubbishin 14.3%(tothismust be addedtidallitterin 28.6%).

Someaquatichabitatsare presentin fringingsaltmarsh32, all of
themrelatedto saltwater.Saltmarshpanoccursin 21.4% of quadrats
and saltmarshcreekin 7.1%.

Thereis a distincttendencyfornorthernaspectsin fringing,mixed
saltmarsh32,withlocalaspect42.9%northandgeneral aspect 71.4%
north.Themainreasonforthiscorrelationwithnortherlyaspects is
that 32 is mainly a northerntype (see below).Slopes in the type are
gentle,with85.7%of quadratsunder1 degreeand the remainderin the
1-5degreescategory.Surfacetypesare similar,with85.71plane and
theremaindersimpleundulating.All 14quadratsallocatedto the type
are underthe 50ftcontour,and theyall alsooccurwithin50m of the
sea (57.1%in the 0-10mzoneand 42.9% in the- 10-50m zone). Mean
distancefromthe sea is only 11m,the only type closer than this

, being33 witha meanof 3m (tobe describednext).

In termsof geographicaldistribution,fringing,mixedsaltmarsh82 is
verymucha northerntype. It occurs in two sites on the Outer
Hebrides- Balranald(NorthUist) and Luskintyre(Harris).On the
northcoast,it occursat BettyhillandMelvichand then,finally, in
the MorayFirthit occursat CoulLinks,MorrichMore, Whiteness and
CulbinBar (Whitenesshas 16%of the type).Thisdistributionof 32 is

U.

I.

I.
I.

1.

I.
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probablyjusta reflectionof the presenceof a particulartype of
fringinghabitatin sites.Thishabitatusuallyoccursin a bayheador
estuarinesituationwhere there 13 a relativelynarrow strip of
saltmarsh.The fringinghabitatmay occurin a much wider range of
sitesthanis suggestedby the distributionof 82 but,,./becauseit
constitutessucha relativelysmallareaof a site,thechance of it
beingsampledis commensuratelylow.
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S3 - Saltmarsh/strandline' transition,: dominated by (Agropyron
junceiforme),Festucarubraand (Glauxmaritima)

The putativerelationshipsof this type are shown in Figure 5, in
which it is suggestedthat 33 is intermediate between the Saltmarsh
types S1 or 34 and the Foredunetypes F1 and F2. There are 15 quadrats
(0.4%)allocatedto this type which has four outlets in the key. Step
60 (+ve) isolates3 quadrats,step 81 (-ve)with 8 quadrats, step 91
(-ve)with 3 quadratsand step 103 (+ve)with 1 quadrat. The form of
53 isolatedby step 81 (-ve) is seen as the most common type, with
over 50% of quadrats.Attentionshould be drawn to step 60 (+ve)which
is, in fact, in the non-maritimepart of the key, i.e. the balance of
speciesat step 1 is in favour of the negative side. However, with
admirablelogic, the 3 quadratsthat take this route do so in company
with the majorityof ForeduneFl, from which they are separated in
steps 52 (+ve) and 60 (+ve) (see Figure 6H). This form of 33 merely
has the balanceof speciesin favour of the strandline element as
opposed to saltmarsh.Like 82 above, saltmarsh/strandlinetransition
33 is a fairly variabletype, dependingon the zonationwidth of the
saltmarsh,the rapiditywith which the effects of salt water are
diminishedin an inlanddirection,i.e. the steepnessof the terrain,
and the exact positionof the quadrat centre. Within these limits,
there are thought to be no serious ecologicaldifferencesbetween the
variousforms of 83 and the following description refers to a
compositeof all four forms.

The degree of variationin 33 is evidencedby the lack of "constant"
(high frequency) species. The most common species is Festuca rubra
(73.3%)but there is only one other specieswith a frequencyof 50% or
more, and this is Planta o maritima (66.7%).Five species lie in the
40%-50% range - A o ron unceiforme (46.7%), Atri lex hastata
(46.7%), Glaux maritima (46.7%), Armeria maritima (40.0%) and
Puccinelliamaritima (40.0%).There are a number of other specieswith
intermediatefrequenciesand as a result,althoughthere are only 2
specieswith a frequencyof 50% or more, there are no less than 32
species occurringin 10% or more quadrats(cf. equivalentfigures for
82 are 6 and 13). A totalof 49 specieswere recordedfrom this type
(cf. 19 for S1 and 23 for 32). Species richness,as measured by the
mean number of speciesper quadrat,is still on the increaseand is up
to 9.5 (cf. 5.1 for 31 and 7.5 for 32).

The floristic comparison between lower saltmarsh S1 and
saltmarsh/strandlinetransition83 is summarized in the following
table of preferentialspeciesfor the two types.

PreferentialSpeciesfor Type S1:-

SpeciesNames S1 53

Aster tripolium 40.0 0.0
Puccinelliamaritima 85.5 40.0
Salicorniaspp. 65.5 13.3
Spergulariamedia 40.0 13.3
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PreferentialSpeciesforType53:-




SpeciesNames 51 53

Agropyronjunceiforme 1.8 46.7
Agropyronrepens 0.0 26.7
Agrostisstolonifera 0.0 33.3
Atriplexhastata 0.0 46.7
Atriplexlaciniata 0.0 20.0
Atriplexlittoralis 0.0 20.0
Atriplexpatula 1.8 20.0
Cochleariaofficinalis 1.8 26.7
Festucarubra 12.7 73.3
Potentillaanserina 0.0 26.7
Rumexcrispus 0.0 33.3
Seneciojacobaea 0.0 26.7
Stellariamedia 0.0 20.0

In thistable,lowsaltmarshspeciesare seento be on the declineand
a muchlargernumberof speciesare on the increase.Some of the
speciesfavouring53 as comparedwith S1 are typical strandline
species,e.g. the four species of Atriplex and Rumex crispus.
Agropyronjunceiformeis moreof a foredunespecies,whilst others,
e.g.A ro ron re ens,Potentillaanserinaand Stellariamedia, are
moretypicalof disturbedhabitats.

Alternatively,saltmarsh/strandlinetransition53 may be comparedwith
foreduneF1 and the followingtable summarizesthe floristic

differencesbetweenthesetwotypes.

PreferentialSpeciesforType33:-




SpeciesNames 53 F1

Agropyronrepens 26.7 0.0
Agrostisstolonifera 33.3 3.1
Armeriamaritima 40.0 0.0
Atriplexlittoralis 20.0 0.0
Atriplexpatula 20.0 3.1
Cochleariaofficinalis 26.7 0.0
Festucarubra 73.3 0.0
Glaux maritime 46.7 0.0
Plantagomaritima 66.7 0.0
Potentillaanserina 26.7 6.3
Puccinelliamaritime 40.0 0.0
Rumex crispus 33.3 6.3
Seneciojacobaea 26.7 0.0
Stellariamedia 20.0 0.0
Suaedamaritime 33.3 0.0
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PreferentialSpeciesfor Type F1:-

SpeciesNames S3 Fl

Cakilemaritima 6.7 31.3

Honkenyapeploides 6.7 34.4

This comparisonshows a generaland fairlymassive loss of species (15
in all) from 53 to Fl, both saltmarsh and strandline species being

involved. Only two species have an increased frequency, Cakile 
maritima (up from 6.7% in 33 to 31.3% in Fl) and Honkena e loides

(6.7% to 34.4%).The commonfactor betweenthe two types, in terms of
speciescomposition,is limitedto A o ron unceiforme(46.7%in 33
and 59.4% in Fl) and Atri lex hastata (46.7%and 40.6% respectively).

The most importantcover speciesin saltmarsh/strandlinetransitionS3
is Festuca rubra (15.5%)and this is followedby Puccinellia maritima
(8.8%), o ron unceiforme(8.8%)and A o ron re ens (3.8%). A
total of 11 potentialdominants(specieswith 10% or More cover in a
quadrat)were recordedfrom the 15 quadratsallocatedto the type (cf.

8 speciesfor 32). Total cover of vascularplants is reduced in 33
(49.3%)comparedwith 32 (87.6%)and even s1 (54.0%).Bryophytesoccur

in 20.0% of quadrats,but with negligiblecover,and lichenswere not
recordedat all. Even saltmarshmud, in 13.3%of quadrats with 0.7%

cover, does little to make up the difference and it is bare sand
(73.3%and 25.8%),gravel (26.7%and 5.4%),cobbles (13.3%and 10.7%),
boulders (13.3%and 6.7%) and solid rock (6.7%and 5.7%) that are most
important(hencethe term "strandline" in the type name). These
figuresindicatethat non-livingcover in individualquadratsis very
varied as to type and quantity,i.e. cobblesin 2 quadratshave about
70% cover!Salinewater occurs in 6.7% of quadratsbut with only 0.3%
cover, whilst tidal litteroccurs in 66.7%with 5.5% cover.

Again, saltmarsh/strandlinetransition53 is very poorly related to
the soil types it occupies.Only two soil types are significantly
associated,Thin Soil TS4 (6.7%)and Sandy Cobble Soil C57 (6.7%),and
these togetheraccountfor only 13.4%.Other soils vary from raw beach
deposits,i.e. cobblesand gravel, to shallowpeaty soils.As with 32,

it is assumed that it is the saline conditionsthat determinethe type
rather than the type of soil substrate.

Grazing pressurein 33 is fairly light,with no grazing recorded in
40.0% of quadrats,light grazingin 26.7%,moderategrazing in 26.7%
and heavy grazingin 6.7%. Cattle and sheep are at a fairly low level

(26.7%and 13.3%respectively),whilst rabbitsare increased (73.3%).
Human disturbanceis more varied comparedwith the previous saltmarsh
types, with dirt road (6.7%),vehicletracks (20.0%),unsurfacedpaths
(6.7%)and spent cartridge(20.0%).No rubbishwas recorded in this
type but tidal litterhas a frequencyof 66.7%.

A few aquatic habitats were also recorded in saltmarsh/strandline
transition33 but only one, rock pool (6.7%),is relatedto saltwater.
Other aquatic habitats present are rut (6.7%), river (6.7%),

flush/spring(6.7%),dried-uppuddle (6.7%)and dried-up rut (6.7%).

Local and generalaspect are contradictory,with the former favouring

west (40.0%)and the latter north (53.3%).No explanation is offered
for this observation, but it should be noted that a similar
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relationshipwas foundin S1 (seeabove).As mightbe expected,slope
is an importantfeatureof 33,withonly 26.7% of quadrats in the
under1 degreecategory(cf.78.2%for S1 and 85.7%for 32).Slopesof
1-5degreesoccurin 46.7%if quadrats,5-15degreesin 20.0%and over
15 degreesin 6.7%.Thisis interpretedas meaningthatthe transition
fromsaltmarshto foreduneis oftenquitesharpwithrelativelysteep
slopes.Surfacetypesare alsocharacteristic,with53.3%plane,33.3%
simpleundulating,noneundulatingcomplex and 13.3% broken, i.e.
slopesare steepishbutrelativelyplane.All examplesof the typelie
underthe 50ftcontour,whichis notsurprisingfora type in which
73.3%of quadratsarewithin10mof HWMSTand theremaining26.7% are
within50m.In factmeandistancefromthe sea is an incrediblylow at
3m (cf.22m for SI and Ilmfor32).Again, this points towards the
relationshipof 33 with fairly steeply sloping ground just above
HWMST.

Saltmarsh/strandlinetransition33 is a fairlyuncommonbutwidespread
vegetationtype,in thesensethatit occursin small quantitiesall
roundtheScottishCoast.As withtheothermembersof the Saltmarsh
family,it is foundonlyin thosesiteswhich include the saltmarsh
habitatand,for thisreason,it tendsto be mostconcentratedin the
largeestuarysystemson the eastcoast- theMorayFirthand Firthof
Forth.Whitenesshas 8% of thetypeand Tyninghame11%.Thereare odd
occurrencesof tgetypeon themainlandwestcoastand on the Inner
and OuterHebrides.Onlythe northcoastandOrkneyand Shetland have
no examplesof 33 but,withsucha relativelyuncommontypeand a low
probabilityof beingsampled,not too much significanceshould be
attachedto thisobservation,i.e.it is not goodevidencethat these
areasare outsidetherangeof 83.
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34 - Upper saltmarsh,dominatedby Festuca rubra,Glaux maristimaand
Juncus rardii

This reallyis the "mainline"saltmarshvegetationtype, forming the
zone betweenthe lower (and pioneer) saltmarsh 31 and the upper
saltmarsh/dunetransition35. The type is quite common, with 81
quadrats(2.1%)of quadratsallocatedto it, but has no less than 13
outletsin the key! Step 84 (+ve) isolates 1 quadrat, step 87 (+ve)
with 2, step 88 (+ve)with 3, step 91 (+ve)with 3, step 92 (+ve)with
3, step 96 (+ve)with 7, step 97 (+ve)with 2, step 99 (-ve)with 24,
step 100 (+ve)with 3, step 101 (+ve)with 2, step 102 (-ve) with 7,
step 104 (+ve)with 1 and step 105 (-ve) with 23. Thus just two
outlets,steps 99 (-ve)and 105 (-ve), are seen to deal with 57
quadratsor 70% of the type. These two outlets are in analogous parts
of adjacentstems of the hierarchywhich are separatedby step 77 (see
Figure 6C). In this step, the more maritime part goes negativeand the
less maritimepart goes positive.The negativeside is defined by the
presenceof Puccinelliamaritima and the positiveside by a series of
non-maritimespecies,of which at least 2 have to be present (3 if
Puccinelliais presentalso) for the positivestep to be chosen. This
leads to the conclusionthat outlets 84 (+ve), 88 (+ve),96 (+ve), 97
(+ve),101 (+ve),102 (-ve)and 105 (-ve)define forms of 34 in which
saltmarshis dominant,whereas steps 87 (+ve), 92 (+ve), 99 (-ve), 100
(+ve)and 104 (+ve)define forms in which the non-maritimeelement is
stronger.The followingdescriptionis based on a compositeof all 13
forms of 34•

The most commonspecies in upper saltmarsh 54 are Festuca rubra
(96.3%) and Glaux maritima (93.8%). Four further species have
frequenciesof 50% or more - Planta o maritima (88.9%), Armeria
maritima (87.7%),Juncus erardii (86.4%) and A rostis stolonifera
(66.7%).This gives a total of 6 species with a frequency of 50% or
more and 21 with 10% or more (cf. 31 with 6 and 10 species
respectively).The total number of species recordedin 34 is 88 (cf.
S1 with 19). Speciesrichness,as measured by the mean number of
speciesper quadrat,is also increasedin 34 (10.9)as compared with
31 (5.1).

Figure5 indicatesa strong relationshipbetween lower saltmarsh S1
and uppersaltmarsh34 and this could hardly be otherwiseif the names
given to the two types are correct. The suggestion is that the
relationshipis largely successional in nature. The main process
involvedis the accretionof materialby the lower saltmarsh. This
leads to a raisingin level of the marsh ana diminished influence of
saltwateras tidal inundationbecomesof progressively less frequent
occurrence.The followingtable comparesthe two types in terms of
their preferentialspecies.

PreferentialSpeciesfor Type 31:-




SpeciesNames S1 34

Puccinelliamaritima 85.5 38.3
Salicorniaspp. 65.5 1.2
Spergulariamarina 20.0 4.9
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Spergulariamedia
Suaeda maritima

'

40.1
52.7

11.1
1.2

PreferentialSpecies for Type 34:-




Species Names SI 511

Agrostis stolonifera 0.0 66.7
Carex flava agg. 0.0 30.9
Cochleariaofficinalis 1.8 40.7
Euphrasiaofficinalisagg. 0.0 22.2
Festuca rubra 12.7 96.3
Juncus gerardii 1.8 86.4
Leontodon autumnalis 0.0 29.6
Plantago coronopus 0.0 44.4
Trifolium repens 0.0 23.5
Triglochinmaritima 9.1 48.1

Species common in S1, but declining in 54, are mainly genuine
saltmarshspecies such as Puccinelliamaritima (downfrom 85.5% in S1

:to 38.3% in 54), Salicornias . (65.5% to 1.2%)and Suaeda maritima
(52.7%to 1.2%).Conversely,species on the increasein 34 are upper
-saltmarshspecies such as Juncus erardii (up from 1.8%in 31 to 86.4%
in 54) and Tri lochin maritima (9.1% to 48.1%). Other species occupy a
more fringing habitat,i.e. not in the saltmarsh proper, such as
Cochleariaofficinalis(up from 1.8% in 51 to 40.7% in 54), and Carex 
gams. (in this case almost certainlyCarex extensa- see Appendix
3 - 0.0% to 30.9%).Plantao corono us, mainly a spray zone species,
is up from 0.0% to 44.4%.Festuca rubra and A rostis stolonifera are
both wide ranging species,which also have saltmarsh ecotypes, and
these are also on the increase (12.7% to 96.3% and 0.0% to 66.7%
respectively).Genuine,non-maritimespeciesmake an appearancein 34
(theygo a stage further in 35), such as Leontodonautumnalis(0.0%in
SI to 29.6% in 54), Trifoliumre ns (0.0% to 23.5%) and Euphrasia 
officinalisa . (0.0% to 22.2%).

The most important cover species in upper saltmarsh 54 is Festuca  
rubra (28.2%), followed by Juncus erardii (15.4%), Planta o maritima
(13.7%)and Glaux maritima (11.2%).Two other species have mean cover
of 3% or more - Armeria maritima (6.5%) and A rostis stolonifera
(3.8%).Only one species that had high cover in SI shows a marked
decline of cover in 54 and that is Puccinelliamaritima (22.6% in SI
to 2.2% in 34). Other species have more or less maintainedtheir cover
status,e.g. Planta o maritima (9.9% in SI and 13.7% in 54) and
Armeriamaritima (6.2%and 6.5%). Finally,there are the species that
show markedly increasedcover in S4 as comparedwith SI, e.g. Festuca 
rubra (2.5%in SI and 28.2% in 34), Juncus erardii (less than 0.5% to
15.4%)and Glaux maritima (3.1% to 11.2%).There is quite a long list
of potentialdominants(specieswith 10% or more cover in a quadrat)
in 54, 13 species in more than one quadrat and a further 15 in one
quadrat only. In general,the most common potentialdominantsare the
same as the top cover species but there are some interesting

. exceptions,e.g. Carex flacca occurs in 19.8% of quadrats but is
dominantin 6.2%, Ammo hila arenaria (6.2% and 4.9%), and Juncus
articulatus(11.1%and 3.7%). This shows that in a minority of
quadratsit is possibleto have quite a large area of non-saltmarsh

I.

I.
I.

I.
I.
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habitatwithout deflectingthe overall affinitiesof the sample, i.e.
it remainsa saltmarshtype as far as the classificationis concerned.

Mean cover of vascular plants in upper saltmarsh 54 (93.6%) is
markedly increased compared with lower saltmarsh 51 (54.0%).
Bryophytesare presentin 48.1% of quadratswith a mean cover of 0.6%
and equivalentfigures for lichens are 4.9% and 0.4%. Non-livingcover

categoriesare now much reduced in importance, with saltmarsh mud
presentin 22.2% of quadratsand with a mean cover of 0.9% (cf. 41.8%
and 12.1%for S1), bare sand 19.8% and 2.4% (cf. 41.8% and 14.7% for
S1) and saline water 22.2% and 2.8% (cf. 40.0% and 6.9%for 51). Tidal

litter is presentin 23.5%of quadratswith a mean cover of 0.2% (cf.
41.8%and 1.4% for S1).

Upper saltmarsh54 shows a slightly improved relationship with the
soil types. It is stronglyassociatedwith Thin Soil T52 (2.5%) and
the two Peaty Soil types P33 (11.1%)and P55 (22.2%).Together these

accountfor 35.8% of the quadrats.Other common types are immature,
Deep Sandy Soil D32 (6.2%),semi-mature,Deep Sandy Soil DS6 (14.8%,

this a negativeassociation)and mature, Deep Sandy Soil DS7 (11.1%).
Togetherthese raise the proportionof quadratsaccountedfor to 67.9%
(out of 91.4% for which soil data are available).As with S1, the main
emphasisof soil types in 54 is on those with a high humus content or
peat-likeprofiles.

Grazing pressureshows a distinct increase in upper saltmarsh S4,
presumably as a result of the increased "grassyness" of the
vegetation.No grazingwas recordedin 2.5%of quadrats (cf. S1 with

45.5%), light grazing in 33.3%(cf.S1 with 30.9%), moderate grazing
in 37.0% (cf. S1 with 9.1%) and heavy grazing in 27.2% (cf. S1 with
14.5%).Grazing animals recordedshow a similar trend,with cattle in
61.7% (cf. S1 with 30.9%),sheep in 58.0% (cf. 51 with 27.3%) and

rabbitin 58.0% (cf. S1 with 32.7%). Human disturbance is fairly
limitedin the type, with vehicle tracks in 7.4% oU quadrats,
unsurfacedpath in 4.9%, spent cartridgein 3.7%, other armament in
3.7%and oil deposit in 3.7%.Interestingly,turf cuttingwas recorded
from 6.2% of quadratsin 54 (the traditional source of sea-washed
turf?). Rubbishwas recordedfrom 22.2% of quadrats.

Aquatichabitatsare fairly commonin the type, with varioustypes of
puddles,ruts and ditches but the main types are saltmarshpan 28.4%,
saltmarshcreek 4.9%and dried-upsaltmarshpan or creek 29.6%.

In terms of local aspect, 54 shows a tendencyto northern or eastern
aspects (66.6%combined),whereas general aspect is shifted through 90
degrees to east and south (59.3%combined).As might be expected in

upper saltmarsh54, slopesare fairly gentle,with 71.6% of quadrats
under 1 degree and 23.5%in 1-5 degree range, i.e. only 4.9% steeper
than 5 degrees.This is very similar to lower saltmarsh51 with 78.2%
and 16.4%respectively.Surface type is mostly plane (85.2%)or simple
undulating(9.9%).All quadrats lie under the 50ft contour but mean
distancefrom the sea shows a sharp increase over the previous
saltmarshtypes to 137m (cf. S1=22m, S2=11m and 53=3m).Modal distance
is 10-50mwith 28.4% of quadrats but greater distances are quite
common,e.g. 400-600mwith 6.2%. One quadrat is over 1500mfrom HWMST!
Most of the quadratswhich occur at distancefrom the sea occupy low
slackswhich, although they extend well inland, are still subject to
periodicfloodingwith saltwater.

Being a fairly common,generalizedsaltmarshtype, upper saltmarsh 54
has a widespreadgeographicaldistributionin the survey. It occurs in
virtuallyall sites with extensivesaltmarsheswithin their surveyed
boundary.The only geographicalareas where the type is conspicuousby



-150-

I.
its absenceis thenorthcoast(small,fringing saltmarsheswith 52
presentmostlyoccurin thisregion)andthe east coast between the
MorayFirthand Firthof Forth(thereis verylittlesaltmarshof any
typepresentin thesesites).The typereachesits peakin Tongon the
Isleof Lewis,whereno lessthan60%of thequadratsare54. Also on
the westsideof Scotland,Luskintyre(Harris)contains26%,Kirkibost
and Paible(North Uist) 11% and 13% respectivelyand Achnahaird
(north-westernmainland)15%.On the east coast, two sites in the
MorayFirth,Dornoch44%and MorrichMore 11%,contain large amounts
of 54.

I.

I.

I.
I.

I.
I.
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35 - Upper saltmarsh/dune transition, dominated by Festuca rubra,
(Carexflacca)and A ostis stolonifera

This is a relatively uncommon type with only 15 quadrats (0.4%)
allocatedto it. It has six outlets in the key which are notable for
being scatteredall over the place. The reason for this is that,
although the upper saltmarsh component of the type is fairly

consistent,the dune part is extremelyvariabledependingon what type
of habitatabuts on the saltmarsh. Thus step 15 (+ve) isolates 1
quadrat,step 31 (+ve) has 4 quadrats (bothof these outletsare mixed
with D2, G3 and G4 and thereforecontainacid elements - see Figure
6A), step 72 (+ve)with 4 quadrats (thisoutlet is mixed with D1 and
D4 and containsmore base-richelements- see Figure 63), step 86
(+ve)with 1 quadrat,step 99 (+ve)with 1 quadrat and step 104 (-ve)
with 4 quadrats.These last three outletsoccur in the maritime part
of the key (see Figure 6C) thus indicatingthat the saltmarsh element
is dominant.Outlets86 (+ve)and 99 (+ve)isolate quadrats that are
transitionalwith fairly conventionaldune vegetation but the four
quadratsin outlet 104 (-ve) contain a freshwater marsh element.
Despite the fairly wide degree of variationin the type, the following
descriptionrefers to a compositeof all six forms.

The most commonspecies in upper saltmarsh/dune transition 35 is
Festucarubra (93.3%), followed by Armeria maritima (86.7%) and
Planta o maritima (80.0%).Five other species have frequenciesof 50%
or more - A ostis stolonifera(60.0%), Plantao corono us (60.0%),
Poa pratensis (60.0%),Trifoliumre ens (60.0%),and Juncus erardli
(53.3%).There are 8 speCies with a frequency of 50% or more and 42

with 10% or more. The total number of species recordedin the type is
87, high for a type with only 15 quadrats. Species richness, as
measured by the mean number of species per quadrat, at 17.4 is the
highestin the Saltmarshfamily (31=5.1,32=7.5, 33=9.5and 54=10.9).

Upper saltmarsh/dunetransition35 is seen as being a more or less
direct successionaldevelopmentfrom upper saltmarsh34, it being the
result of furthersedementaccretion(eitherby water or sand blow).
The type also occurs in low slacks with tidal access to the sea.
Changesin accessibilityto saltwatermay lead to movement,either in
the directionof 55 or reversion to 54. The following table of
preferentialspeciessummarizesthe differencesbetween54 and 35 in
terms of speciescontent.

PreferentialSpeciesfor Type 54:-

SpeciesNames 514 35

Aster tripolium 21.0 0.0
Carex flava agg. 30.9 6.7
Glaux maritima 93.8 40.0
Puccinelliamaritima 38.3 0.0
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PreferentialSpecies for Type 95:-




Species Names S4 55

Agrostis tenuis 8.6 40.0
Ammophilaarenaria 6.2 40.0
Bellis perennis 3.7 26.7
Carex arenaria 0.0 46.7
Carex flacca 19.8 46.7
Cerastiumatrovirens 7.4 20.0
Cerastium holosteoides 6.2 20.0
Cirsium arvense 1.2 20.0
Dactylisglomerata 0.0 26.7
Eleocharisquinqueflora 4.9 26.7
Festuca ovina 1.2 20.0
Honkenya peploides 1.2 20.0
Hypochoerisradicata 0.0 26.7
Lotus corniculatus 2.5 46.7
Plantago lanceolata 2.5 33.3
Poa pratensis 17.3 60.0
Potentillaanserina 3.7 20.0
Sagina procumbens 9.9 20.0
Senecio jacobaea 0.0 26.7
Taraxacumspp. 4.9 26.7
Trifolium repens 23.5 60.0

tarn.

...Specieson the decline in 35 as compared to 34 are restricted to
saltmarshspecies,e.g. Aster tri olium (down from 21.0% in 34 to 0.0%
in 35), Claux maritima (93.8%to 40.0%), Puccinellia maritima (38.3%
to 0.0%) and Carex flava a . (probablyCarex extensa, 30.9% to 6.7%).
On the increasein 55 are a whole range of non-maritime species
indicativeof a range of conditions- more acidophilous species such
as A rostis tenuis and Festuca ovina, more typical dune species such
as Ammophilaarenaria,Cerastiumatrovirens, Cerastium holosteoides,
Lotus corniculatus,Poa pratensis, Senecio acobaea and Trifolium
repens and marshy speciessuch as Eleocharis uin ueflora.

The most importantcover speciesin upper saltmarsh/dunetransition35
is Festuca rubra (33.1%).Below this, there is a considerabledrop to
Planta o maritima (6.2%), Planta o corono us (4.9%), Juncus erardli
(4.6%),A rostis stolonifera(4.5%),Carex flacca (4.5%), Ammophila 
arenaria (3.3%)and Armeriamaritima (3.2%).There are 12 potential
dominants (specieswith cover of 10% or more in a quadrat) recorded
for S5, 8 of them in more than one quadrat. The potential dominants
are in close accord with the top cover species.Just to indicate how
varied the "dune part" of the vegetation can be, one quadrat is
dominated by Calluna vul aris (20% cover). Total cover of vascular
plants (86.8%)is slightly reduced compared with 34 (93.6%), the
differencebeing made up largely by non-livingcover types, such as
pare sand with a frequencyof 33.3% and mean cover of 8.1% (cf. 19.8%
and 2.4% for 54), gravel 20.0% and 3.4% (cf. 3.7% and 0.4% for 34) and
solid rock 13.3%and 7.7% (cf.2.5% and 2.3% for 34). Bryophytesoccur
in 86.7% of quadrats in 35 with a mean cover of 2.0% and the
equivalentfigures for lichensare 26.7% and 4.1%, i.e. high cover of
lichensin relativelyfew quadrats.Saline water is present in 13.3%
of quadratswith a mean cover of 1.7%(cf. 22.2% and 2.8%for 54) and
tidal litter is also reduced to 6.7% of quadratsand negligible cover
(cf. 23.5% and 0.2% for 34).
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Upper saltmarsh/dunetransition35 is not well correlated with the
soil types. Only Peaty Soil P33 .(13.3%)and Thin Soil (rock near the
surface) TS10 (13.3%) are significantly associated with this
vegetationtype (a total of 26.6% of quadrats accounted for). Other
soil types rangefrom immature,Deep Sand Soil DS2, through various
other sandy typeswith different degrees of maturity, i.e. humus
content,to varioustypes of peaty soil. The exact position of the
quadrat centre,in what is a transitionaltype,may be responsiblefor
some of this variation.

Grazing pressurein 35 is quite high, with no grazing in 13.3% of
quadrats (cf.2.5% in 34), light grazingin 26.7% (cf. 33.3% in S4),
moderategrazingin 26.7% (cf. 37.0% in 84) and heavy grazing in 33.3%
(cf. 27.2% in 84). The main grazing animals recorded were cattle
(33.3%),sheep (40.0%)and rabbit (46.7%).Human disturbance in the
type is limitedto vehicletracks (13.3%)and unsurfacedpath (20.0%).
Rubbishwas recordedfrom 53.3% of quadrats,an unusuallyhigh figure.

A few aquatic habitats are also present in 35 - puddle (6.7%),
saltmarshpan (6.7%),ditch (6.7%),dried-upsaltmarsh pan or creek
(6.7%)and rock pool (6.7%).

Local aspect for upper saltmarsh/dunetransition85 is slightlybiased
towardsnorth (40.0%),whilst general aspect favours west (53.3%).
There is a marked increasein slope comparedwith the other Saltmarsh
types with less than 1 degree 40.0%, 1-5 degrees 40.0% and 5-15
degrees20.0%. Surface type is mostly plane (53.3%) and simple
undulating(26.7%)but with a minority of more complex types. All
quadratsof 35 are locatedunder the 501t contour and mean distance
from the sea is 65m, ratherless than for 34 at 137m.This difference
is a little unexpected and may or may not be a significant feature of
the type. Most quadratsof S5 occur in the 10-50mzone (53.3%).

Upper saltmarsh/dune transition 85 shows no distinct geographical
distribution.It is most common on sites in the Outer Hebrides, West
Barra (8%),Kirkibost (7%)and Northton (5%).

In summary of the Saltmarshfamily, it is interesting to note the
occurrenceof the main saltmarshspecies in the various stages of
successionaldevelopment,i.e. S1 to S2 (possibly)to 34 to 85 (but
ignoringthe ratheraberrant33). The followingtable shows percentage
frequencyof variousspecies in the four types listedabove.

Species Name Saltmarsh Types (%

8152

frequency)

84 35

Salicornia spp. 65.5 - 1.2 -
Suaedamaritima 52.7 42.9 1.2 6.7
Spergulariamedia 40.0 57.1 11.1 -
Spergulariamarina 20.0 - 4.9 -
Aster tripolium 40.0 - 21.0 -
Armeriamaritima 58.2 92.9 87.7 86.7
Plantagomaritima 56.4 92.9 88.9 80.0
Puccinelliamaritima 85.5 85.7 38.3 -
Glaux maritima 50.9 78.6 93.8 40.0
Festuca rubra 12.7 100.0 96.3 93.3
Juncus gerardii 1.8 21.4 86.4 53.3
Agrostisstolonifera - 35.7 66.7 60.0
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Thislistof speciesis roughlyorderedaccordingto the levelof the
saltmarshfromlow to high. The first five species, Salicornia,
Suaeda,the twoSpergulariasand Aster,are lowmarshspeciesand the
remaindercomein higherup.Armeriamaritima and Plantao maritima

.are particularlyinteresting,because bo occur with mo erate
frequencyin thelowmarshtypes,are at their peak in the upper
marsh,but thereis littledeclineevenin 35. Indeed, both species
extendbeyondthesaltmarshfamily,Plantao maritimabeingcommon in
a widerangeof dampvegetationtypes,e.g. D4=54.1%,G1=46.8%, and
G2=78.8%,butis rarelypresentin genuine freshwatermarshes, e.g.
M2=1.1%.Armeriaoccursoccasionallyin a rangeof vegetationtypes,
butonlyat low frequencies,and it is usuallyassociatedwith rocky
habitatsalliedto someminorsprayeffect.Festucarubraand Agrostis 
stoloniferabothoccurin the upper saltmarshtypes and these are
presumablyspecializedecotypesof thetwospecies.
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7.6.2 ForeduneFamily (F1-F2)

This is not a particularlyimportantfamily, with only 37 quadrats
(1.0%)in the survey.There are two types in this familywhich covers
the range of habitatsoccurringat the terrestrial/maritimeboundary
when it is not in the form of a saltmarsh.The determiningfactorsfor
the Foredune,as opposed to the Saltmarsh,family are probably slope,
exposureand substratetype which themselves tend to be strongly
interdependent.Basically,a saltmarshrequiresgentle slopes (unless
it is very narrow and fringing),fine particlesize substrates, e.g.
sand, silt, clay and organic matter, and shelter - or theflfine
substrateswill be quicklyeroded. The steeper,more exposed beaches
composedof sand, gravel and cobblemixturesare where the Foredune
types occur. The type also coverswhat is often called the strandline,
i.e. the zone immediatelyabove HWMST which is not regularly washed
with sea water but can receivequite a large amount of spray. This
zone may be washed away entirelyduringwinter storms.
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F1 - Dry foredune, dominated by A ro ron unceiforme, (Elymus
arenariusand Atri lex hastata)

This vegetationtype, with 32 quadrats(0.8%)allocatedto it, is the
most common of the Foredunetypes (F2 has only 5 quadrats). The type
has four outletsin the key, step 48 (+ve) isolates 1 quadrat,step 51
(+ve)with 1 quadrat,step 52 (-ve)with 23 quadratsand step 60 (-ve)
with 7 quadrats.Obviouslythe form of Fl isolatedby step 52 (-ve)is
in the majorityand, as steps 51 (+ve) and 60 (-ve) are closely
related in the key, these forms are unlikely to be seriously
different.However,step 48 (+ve)is in the part of the key that deals
with Marshlandtypes and the single quadrat isolatedhere is somewhat
wetter than the more typicalform of F1 (see Figure 63). The following
descriptionrefers to a compositeof all four forms of the type.

Dry foreduneFl is poorly characterizedin terms of constant species,
with only A ro ron unceiforme(59.4%)with a frequency of 50% or
more. In fact, there are only seven specieswith a frequencyof 10% or
more, the others being Atri lex hastata (40.6%), Honken a e loides
(34.4%),Cakile maritima (31.3%),Atri lex laciniata (18.8%),Atriplex
glabriuscula(15.6%)and El us arenarius (15.6%).Of all the genuine
vegetationtypes,i.e. excluding bare ground B, F1 is the most
species-poortype with only 19 species recordedfrom 32 quadratsand a
mean number of species per quadratof 2.6 (cf. 6.1 for C).

The comparisonbetweenF1 and, what is possibly its most closely
relatedtype, saltmarsh/strandlinetransition 33 has already been
discussedin relationto the latter type. In a comparison between F1
and 33, the former has only two preferentialspecies,Cakile maritime
and Honkenyapeploides. Most other species having been seriously
depletedor lost altogether.

There are no speciesin dry foreduneF1 with a mean cover of 3% or
more, the two most importantspecies being El us arenarius (2.4%)and
A o ron unceiforme(1.5%).One of the most characteristic features
of the type is, therefore,low cover of vascular plants, only 6.6%
(cf. C with 35.5%).Bryophytesdo not occur in the type and lichens
are only presentin 3.1% of quadratswith negligiblecover.Looking at
plant cover in more detail through the potential dominants, it is
clear that some quadratshave quite high cover of individual species,
e.g. 9.4% of quadratscontainA o ron unceiformewith 10% or more
cover and the equivalentfigurefor El us arenariusis 6.3%. In fact,
in the two quadratsthat containElymus as a dominant,its mean cover
is 37.5%.The only other potentialdominantsare Atri lex hastata and
Cakile maritimein one quadrateach.

Clearly dry foreduneF1 representsa fairly inhospitable habitat for
plant growth. The remaining cover is made up by the non-living
categories- bare sand in 96.9% of quadrats with a mean cover of
77.2%,gravel (9.4%and 0.5%), cobbles (25.0% and 9.5%), boulders
(21.9%and 5.2%) and solid rock (6.3% and 2.5%). Tidal litter is
presentin 78.1% of quadratswith 2.3% cover.

Dry foreduneF2 is quite well correlatedwith its soil types which, as
might be expected,are characterizedby being immature (littlehumus).
Associatedsoil types are Beach Deposit 3D3 (6.3%), immature, Deep
Sandy Soils D32 (25.0%)and DS3 (28.1%)and Thin Soil (sand overlying
rock) TS6 (6.3%).Togetherthese four types account for 65.7% of
quadrats.The only other common type is semi-mature,Deep Sandy Soil
DS6 (15.6%).
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As might be expected from the species list and the amount of
vegetationcover,grazingpressurein F1 is minimal,with no grazing
in 78.1%of quadrats,lightgrazingin 15.6%,moderategrazingin 6.3%
and heavygrazingin none.Signs of grazing animals are similarly
sparse,withcattlein 9.4%,sheepin 3.1%and rabbitin 21.9%. Human
disturbancein thetypeis not verygreat(presumablybecause it is
periodicallyobliteratedbut,in any case,thiswouldbe insignificant
comparedwithnaturaldisturbance),with vehicle track (6.3%) and
spentcartridge(6.3%).Rubbishwas recordedfrom 6.3% of quadrats.
Someaquatic habitats are present in the type - river (3.1%),
flush/spring(3.1%),saltmarshcreek(3.1%),and rockpool(3.1%).

Localaspectfor F1 is fairlyneutralbutgeneralaspectshowsquitea
strongpreferencefor southor west (together78.1%).As suggestedin
the introductionto thefamily,slopeis an importantfactor in a
vegetationtypewhichoccurson the steeper beaches.Only 12.5% of
quadratshaveslopesunder1 degree,50.0% with 1-5 degrees, 31.3%
with5-15 degreesand 6.3%with 15degreesor over.Surfacetypes are
generallyplaneor simpleundulating,together81.3%.Onlyone of the
32 quadratsis overthe 50ftcontourandmeandistancefromthe sea is
low at 15m.In fact,53.1%of quadratsarewithin10mof thesea anda
further37.5%in the 10-50m'zone.The furthestthistypecan get from
thesea is 100-200m(justone quadrat).

DespitethefactthatdryforeduneFl doesnot conform to the usual
east/westdivision of vegetationtypes, it does have quite a
distinctivegeographicaldistribution.Thisis presumablyrelated to
siteswhichhaveparticulartypesof beaches.The type is relatively
amon in threedistinctareas - the southernhalf of the Outer
Hibrides,thewestcoastof themainlandand theMoray Firth region.
IR all it occursin 21 out of 94 sites but only one site, Dornoch
(:6%),containsmorethan5% of thetype.
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F2 - Wet foredune, dominated!by '(Phalarisarundinacea, Agropyron
junceiforme)and A rostis stolonifera

This is a rather uncommonvegetationtype, with only 5 quadrats (0.1%)
allocated to it. Because the informationis so limited,the type can
only be describedsummarily.F2 has but one outlet in the key, step 53
(+ve),which occurs in a part of the key where the main concern is
with Marshlandtypes, i.e. the distinction between MI and M2 (see
Figure 6B). This position is entirely consistent with the most
importantcharacteristicof the type, i.e. freshwaterseeping through
the strandline.

The most common speciesin F2 are A ostis stolonifera (100.0%) and
Cochlearia officinalis (100.0%). Two additional species have
frequencies of 50% or more - Stellaria media (60.0%) and
Tri leuros ermummaritimum(60.0%).There are in all 26 specieswith a
frequencyof 10% or more (thisis also the total number of species
recordedfor the type). The mean number of species per quadrat is
greatly increasedcomparedwith F1 at 8.8 (cf. 2.6 in F1).

The main cover species in wet foredune F2 are Phalaris arundinacea
(15.0%), A ro ron unceiforme (12.0%) and A rostis stolonifera
(4.1%).The same three species are the only potential dominants
(specieswith 10% or more cover in a quadrat)in the type.Mean cover
of vascularplants is also increasedas comparedwith Fl at 34.9% (cf.
6.6% for Fl and 35.5% for C). Bryophyteswere recorded in 40.0% of
quadratsbut with negligiblecover.Lichens do not occur at all. The
main non - living cover categories are saltmarsh mud in 40.0% of

quadratswith 20.0% cover, bare sand (60.0%and 43.0%),gravel (40.0%
and 2.0%), cobbles (40.0%and 1.1%) and tidal litter (40.0%and 3.0%).

Few conclusionscan be drawn about the relationship of F2 to soil
types. The main characteristicappears to be dampnesswith 1 quadrat
on Sandy Cobble Soil C52, three on semi-mature,Deep Sandy Soil D56
and one on Thin Soil TS9.

No conclusionscan be drawn about aspect.Slopes tend to be moderate
with all quadratsin the 1-5 degreesclass. Surfacetypes are mostly
plane or simple undulating(80). All five quadratsallocated to the
type are under the 50ft contourand mean distancefrom the sea is 24m.

There are too few examplesof this type to make any sensible comment
about geographical distribution, except that it appears to be
widespread,with 1 quadrat in the south-west,1 on the Outer Hebrides,
1 on Shetland and 2 on the Moray Firth.
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7.7 Two-WayTables

The followingtables summarizethe 28 vegetationtypes (Bareground B
is excludedfor obvious reasons) in terms of percentage species
frequency(Table2) and percentagecover (Table3). Table 3, in fact,
shows percentagecover x 10 in order to restrictentries to the table
to three characterswithout losing the first decimal place (i.e.25.1%
cover = 251 or 0.2% = 2). In both tables a dash (-) means that a
particularspeciesis absent from that vegetationtype and a plus sign
(+) means that it is present but with a frequencyof less than 0.5% in
Table 2 or with a cover of less than 0.05% in Table 3.

The tables are set out with the vegetation type (using their
mnemonics)across the top and species down the side. The ordering of
the rows and columns (as in phytosociologicaltables)is important.

The vegetationtypes (columns)have been blocked in families, the
order within a family being accordingto their first axis ordination
score (ordination of percentage frequency data for the twenty-eight
vegetationtypes).The order of familiesfrom left to right can be
broken down into three parts. First of all there are the three main
familiesshown in Figure 3 (the non-maritimevegetation types) which
run from P2 in the Peatlandfamily (wet, acid) to Colonist type C
(dry,unstableand usually, base-rich). As already discussed, this
range of types is the result of a mixture of successional and
environmentaltrends.Next in the tables are the vegetation types
influencedby freshwater(theMarshlandfamily,see Figure 4). For the
sake of clarity, these types have been separated off from the families
to their left although,in terms of the first axis score, they fall
somewhere between the Grassland and Duneland families. This is
justifiedby the wide separationof the more extreme types in the
Marshlandfamily on otheraxes of the ordination(axes 2, 3 and 4 in
fact). As alreadynoted, the most common type M1 has close affinities
with 03 in the Dunelandfamily, and, indeed,M1 must be considered as
a transitionalMarshlandtype. Similararguments also apply to the
Foreduneand Saltmarshfamilies (maritimevegetationtypes, see Figure
5) which appear on the extremeright of the tables.The more extreme
maritime types, e.g. 31, are totally different from any other
vegetationtypes but some Saltmarshtypes are transitionalwith other
families,e.g. 55 with D3. As with the total separation of the
Marshlandfamily from its more closelyrelatednon-marshy types, the
isolationof the Foredune and Saltmarsh families is an arbitrary
decisiondesignedto make the two-way tablesmore easily interpreted.

The method of species ordering (the rows) - they are listed in 33
blocks varying from 2 to 16 species per block - is much more complex.
This orderingis based on a species classification,the specieswithin
a block being highly associatedin the sense that they normally occur
close togetheron the ground.The species classification was derived
from the smallestquadratsize (1 sq m) that was recorded in the
survey. This small size is a more stringenttest of which specieswill
grow in immediateproximityto one another than the larger 25 sq m
quadratwhich was used for the vegetationclassification. The number
of quadratsused in the species classification is somewhat reduced
comparedwith the vegetationclassification,i.e. 2,590 quadratsas
comparedwith 3,677,and thereare two reasons for this difference.
Firstly,the 1 sq m quadratwas not recorded in the first year of•
survey (1975)and, secondly,the smallerquadratresults in a higher
proportioncontainingno plants at all (at that size). It is not
thought that the absenceof data from the sites surveyedin 1975 will
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produceany biasin a species classification.To avoid classifying
speciesforwhichtherewas littleinformation(andwould not figure•
much in the tablesanyway),onlyspecieswitha frequencyof 10 or
more in the 1 sq m quadrat(equivalentto a frequencyof 0.4%) were
included.Theclassificationprocedureused comprisedfour distinct
processes.

A reciprocalaveragingordinationof the 2,590quadratsusing
a downweightforall specieswitha frequencyof less than
100.Thefirstfouraxeswereextracted.

Weightingof thefouraxesby standardizationto unit mean
squaredeviationof speciesscoreswithinstands.

Calculationof interstanddistance (Euclidean distance)
betweenspecies,basedon the standardizedaxesscores.

Minimum varianceclustering,using the distance matrix
describedabove.

The clusteringprocesswas takenrightthroughto its conclusion(of
one cluster)anda hierarchicaldiagram constructed.There was a
reasonablywellmarkeddiscontinuityat 33 species classes so the
'(arbitrary)decisionwas taken to use this.as the level of
interpretation.Thespeciesclasseswere now placed in first axis
order(analogousto whatwas donewiththevegetationtypes) but, in
dOingso, theywerenot permittedto violatethe main stems of the
015eciesclassificationwhichare analogousto the vegetationtype
f4milies.Elevenspeciesfamilieswererecognizedin thisprocess.The
filetresultis a speciesorderingwhich matches the vegetationtype
di"deringas closelyas possible,albeitat a differentscale, i.e. 1
sq m quadratinsteadof 25 sq m. Withina classthespecies order is
alphabetical.

Because variationbetween the vegetation types is at least
two-dimensional,and arguablyfourdimensionsare requiredto describe
it comprehensively,it is clearthattherecan be no ideal method of
orderingthe rowsand columns(anidealmethodof orderingwould give
clear-cutblockingof entries with a strong diagonal trend). The
methoddescribedis thusseenas somethingof a compromisebut one
thatis designedto be as usefulas possible.

Examination of the tables reveals some good blocking of entries and a
quitemarkedrightto leftdiagonaltrendin thenon-maritimecolumns
(Peatland,Grassland,Duneland and Colonist),which extends from
speciesclass1 ( o ron re ens,Bromusmollisa ., etc) down to
class25 (Myricagale and Trichohorumces itosum).Further down the
tables,speciesclass26 ( elicasylvestris,Carex nigra, etc.) to
class 30 (E ilobium lustre, E uisetum fluviatile, etc.) are
particularlyassociatedwiththeMarshlandfamily, species class 31
(A ro ron unceiforme,Atrilex hastata and El us arenarius)is
associatedwith theForedunefamilyand,finally,classes 32 and 33
are associatedwiththeSaltmarshfamily.

The tablesare a compactmeansof summarizing
termsof speciesfrequencyand cover.Despite
aboutthe use of speciescoverin identifying
3 is obviouslymoreclear-cutin termsof the
is greaterpolarizationin termsof +'s and
thanthatfor frequency.

thevegetationtypes in
the previous warnings
vegetationtypes, Table
sizeof entries (there
high numericalvalues)
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The tablesmay also be used to examine the distributionof particular
speciesin relationto the vegetationtypes. In this context, there
are a numberof differenttypes of behaviourpatternsbut these fall
into two main categories.

Specieswhich occur in a wide range of vegetation types.
Usually these are common species with a wide range of
environmentaltolerance(whichis why they are common in the
first place).Some of these species are usually regarded as
having a series of ecotypes, some, of which may even be
morphologicallydistinctto the extent that they are accorded
subspecificstatus. The prime examples of this type of
species are the three common grasses Festuca rubra, Poa
pratensis, and A ostis stolonifera. In the species
classification,such species tend to be grouped together
along with specieswhich occupy the middle of their range.
Class 7 of the species classification (Chrysanthemum
leucanthemum- Vicia sepium) is the best exampleof the type
of situation. Other conspicuously wide ranging, common
speciesincludeCerastiumholosteoides,Plantao lanceolate,
Lotus corniculatusand Trifoliumre ens. There are other less
common,wide ranging species which are dependant on the
presenceof certain more specialized habitats which can
themselvesoccur in almost any vegetationtype, i.e. Urtica 
dioica, Poa annua and Sagina nodosa.

Specieswhich occur in quite a narrow range of vegetation
types. These are inevitablyspeciesof intermediatefrequency
and are the ones which produce the blockingeffect in the two
tables.The best examplesare those species which require
very specialized habitats and may even be restricted to one

vegetationtype family, e.g. Aster tri olium and Puccinellia 
maritime in the Saltmarsh family. Species classes 1-3
(A ro ron re ens to Tussilao fafara) tend to be fairly well
restrictedto the Dunelandfamilywhereas, moving down the
tables, species classes 14-25 (Achillea tarmica to
Trichohorum ces itosum)show a strong preference for the
Grasslandand Peatlandfamilies (becomingprogressively more
restrictedto the lefthand columns the higher the class
number). Classes 26-30 (An elica s lvestris to Galium
palustre)are supposedto be Marshlandspecies but, as can be
seen,most of them stray over into the wetter types in the
Dunelandand Grasslandfamilies. Class 31 is supposed to
consistof Foredunespecies and classes 32 and 33 Saltmarsh
speciesand these are, indeed, fairly well restricted. It
should be noted that, in general, those species that show
restricteddistributionin the two-way tables also serve as
indicatorsto the vegetationtypes in the key.

Certain species show very interesting, and perhaps unexplained,
distributionsin terms of the vegetation types. The behaviour of
Plantao maritimehas already been discussed in relation to the
Saltmarshfamily.Other speciesworthy of note are Honken a e loides
(class3) and Cochleariaofficinalis(class6), both of which are more
wide rangingthan might perhapsbe expected. The presence of these
speciesin widely differing vegetation types is thought to be a
reflectionof spray zone effects. Planta o corono us (class 7) is
probablybehavingin a similar manner. A comparison between the
distributionof Tri ochin maritimeand T. palustris is also very
interesting,the latter extendingto a wider range of vegetationtypes
and the two species being far more similar (at least on the coast)
than might be expectedfrom their conventionalflora descriptions.The
tablesare of littleuse for studyingrare species as these are not
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usually includedfor just this reason.

7.8 Use of the VegetationType Key

The final part of this sectionof the report consistsof instructions
for the use of the synthetic key to vegetation types which, for
reasonsof space, has been separatley bound. The key derives 28
vegetationtypes and is composed of 105 steps which are shown
diagramaticallyin Figures 6, 6A, 63 and 6C. The entries in the
rectangularboxes are the numbersof quadratsout of 3,847 (or 3,677
when the 166 bare quadratsand the 4 which were unclassifiable have
been removed)which took this route in the original classification,
those in the oval boxes are the step numbers (sameas the written key)
and each termination is indicated by a vegetation type mnemonic
beneath the rectangularbox.

As already noted, use of the key to assign vegetation types is
completelyaccuratein the sense that, when applied to the same sample
of the populationon which it is based, the result is identicalin all
respectsto that produced in the computer analysis. Because the
vegetationclassification is based on such a large sample, its
applicationto new individuals drawn from the same population is
extremelyunlikelyto producean unsatisfactory assignment. Indeed,
such a result is almost certainto be caused by poor field recording
or mistakesin the use of the key (see below).

liteof the key is simple,albeit somewhatlaborious if a number of
steps with a hign number of indicators is involved. The number of

J.

steps requiredto determinea vegetationtype varies between2 and 10.
Calculationof the indicatorscores,i.e. the sum of negative and
positiveindicatorspresentin a quadrat, and the correct.transfer
from one step to the the next requiresome care if mistakesare not to
be made. It is good practiceto record the keying-outprocesson paper
and the followingspecieslist is used to illustrate one method by
which this can be done.

Carex panicea
Trifoliumrepens
Bellis perennis
Linum catharticum
Thymus drucei
Selaginellaselaginoides
Prunellavulgaris
Viola riviniana
Anthyllisvulneraria
Daucus carota
Festucaovina
Leontodontaraxacoides
Succisa pratensis
Gentianellaarmarella
Juncus articulatus
Trifoliumpratense

Festucarubra
Lotus corniculatus
Sieglingiadecumbens
Plantagolanceolata
Koeleria cristata
Euphrasia officinalisagg.
Centaureanigra
Plantagomaritima
Agrostisstolonifera
Carex arenaria
Achilleamillefolium
Carex serotina
Hieraciumpilosella
Coeloglossumviride
Senecio jacobaea
Erica tetralix

I.
I.

I.
I.

I.

I.

The steps in the key are examinedas follows,noting the step number
in brackets (), the sum of negativeand positiveindicators(- and +),
the total score (0, the thresholdvalue for the indicator score and
the resultingstep number to be taken (or vegetation type allocation
if an outlet is reached).
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In step 1 of the key only one of the two negative indicators is
present (Plantao lanceolata), giving a score of -1 which, when
comparedwith a thresholdvalue of 0, leads to step 2. N.B. The
conventionthat is used for the thresholdscore is that threshold or
less goes negativeand greater than thresholdgoes positive. This is
clearly indicatedin the key itself. The process of keying-out a
species list may be summarizedas follows:

-1=-1 to be comparedwith a -ve thresholdof 0, go to step 2

In step 2 there are three of the four negative indicators present
(Festucarubra, Plantao lanceolata and Trifolium re ens) and no
positiveones, giving a score of -3 which, when compared with a
thresholdof 0, leads to steP 3 (thisis now unlikelyto be a maritime
vegetationtype, i.e. it cannotget into the part of the hierarchy
shown in Figure 6C). Again, this may be summarizedas follows:

-1-1-1=-3to be comparedwith a -ve threshold of 0, go to
step 3

In step 3 there are two negativeindicatorspresent (Festucaovina and
Succisa ratensis)and one positive(Senecio acobaea),giving a score
of -1 which, when comparedwith a thresholdof -1, leads to step 4
(thishas now narrowlyavoidedgoing into the part of the hierarchy
shown in Figure 6B and is thus not going to be assignedto one of the
more base-richDunelandtypes).

-1-1+1=-1to be comparedwith a -ve thresholdof -1, go to
step 4

In step 4 there are' three negative indicators present (Agrostis
stolonifera,Prunellavul aris and Trifoliumre ens) and two positive
(Carexarenariaand Festucaovina),giving a score of -1 which, when
comparedwith a thresholdof -1, leads to step 5 (thismeans that the
quadratis now destinedto be allocatedto one of the more acid or bog
types in Figure 6A).

-1-1-1+1+1=-1to be comparedwith a -ve thresholdof -1, go
to step 5.

In step 5 there are five negative indicators present (Lotus
corniculatus, Planta o lanceolata, Planta o maritima, Sieglingia
decumbensand Thymus drucei)and no positiveones, giving a score of
-5 which, when comparedwith a thresholdof 0, leads to step 7.

-1-1-1-1-1=-5to be comparedwith a -ve thresholdof 0, go to
step 7

In step 7 there are three negative indicators present (Euphrasia
officinalisa ., Lotus corniculatusand Sie lin ia decumbens)and no
positiveones, giving a score of -3 which, when compared with a
thresholdof -1, leads to step 11.

(7) -1-1-1=-3to be comparedwith a -ve thresholdof -1, go to
step 11

In step 11 there is one positiveindicatorpresent (Bellis erennis)
and one negative (Erica tetralix),giving a score of 0 which, when
comparedwith a thresholdof 4, leads to step 17 (therehave to be at
least 5 positiveindicators and no negative ones to get to the
alternativestep 18).
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(11)-1+1=0 to be comparedwith a -ve thresholdof +42 go to step
17

In step 17 there are two negative indicators present (Plantago
lanceolata'andTrifoliumre ens) and one positive (Erica tetW,
giving a score of -1 which, when comparedwith a thresholdof 1, leads
to step 26.

(17) -1-1+1=-1to be comparedwith a -ve thresholdof +12 go to
step 26

In step 26 there are five negative indicators present (Achillea
millefolium,Koeleriacristata,Linum catharticum2Thymus drucei and
Viola riviniana)and one positive(Juncusarticulatus),giving a score
of -4 which, when comparedwith a thresholdof -2, leads to step 35.

(26) -1-1-1-1-1+1=-4to be comparedwith a -ve thresholdof -2, go
. to step 35

Finally,in step 35 there are no negativeindicators(none
in the key) and one positiveone (Carexpanicea)2giving a
which, when comparedwith a thresholdof 12 causes the
questionto be allocatedto vegetationtype G1 (slightly
grassland).One more positive indicator would put the
vegetationtype G2 (acid,damp grassland).

are listed
score of +1
quadrat in
acid, damp
quadrat in

(35) +1=+1 to be comparedwith a -ve thresholdof +1, allocatedto
vegetationtype G1.

Ire.theabove example,only the abbreviatedcalculations, showing how
the indicatorscores were calculated, the threshold and the step
numbersneed be recordedto assistaccuracyand checking.It is often
useful to enter these directlyon to the field sheet.

In fact, in the preparationof this examplea mistake was made at step
4 in the key, where the presenceof Prunella vul aris was initially
missed (but found in checking).This mistake resultedin an indicator
score of 0 instead-1, leading to step 6 insteadof 5. Following this
new route throughthe key, the quadrat was eventually allocated to
vegetationtype G2 in step 30 which, as we have just seen, by the near
miss in step 35, is quite a reasonableresult. This demonstrates the
inherentrobustnessof the key to minor mistakes in field recording
and even, to some extent, in the use of the key itself. Nevertheless,
as a considerableeffort is usuallyexpendedin the collectionof good
field data, it is only appropriatethat an equivalentamount of. care
should be taken in the use of the key in order to ensure the most
accurateresults possible.The time taken to use the key and check the
result is comparativelysmall comparedwith that usually devoted to
recordingthe field data.

The above description only covers the procedure for using the
vegetation type key. There are, however, some other important
considerations,such as the population definition and the sampling

. methodswhich may be used to obtain data. These points are covered in
some detail in the introductionto Appendix2 of the Handbookof Field
Methods (pages 1-5).The two main points to be noted are:

that the vegetationtype key must only be applied to samples
taken from the same populationas that on which it is based,
i.e. soft coast in Scotland,and
that, if site classificationor the estimation of relative
amounts of differentvegetationtypes on a site is one of the
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aims of recording,then an objectivesamplingprocedure must
be employed.

Simple identification of the vegetation type occurring within a
particulararea of a site or the determination of vegetation type
boundariesfor mapping can freely utilizesubjectivelychosen samples.
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8. SITE CLASSIFICATION

8.1 Introduction

The hierarchicaldiagramof the site classificationis shown in Figure
7. It will be noted that, in contrast to the vegetation
classification,this is a conventional ISA with four levels of
division.Normallythis would resultin 16 classes (the geometrical
progression2-4-8-16)but in practicetwo stems have terminatedat the
third level of divisionwith just one site remaining in each class
(SiteTypes 11 and 14 on the righthandside of the hierarchy).

Much has already been said about the derivation of the site
classification (see Section 6.3). The results of various
investigationsinto the type of data on which to base the site
classificationhave been discussedand it was concluded that species
frequency% was likely to yield the most satisfactory result. This
type of data summarizationhas a low informationloss and the key, by
which it can be generalized,is robust.Of the various summarization
methods tested,species frequencygave the most clear-cutgeographical
distributionof site types - an outcome that could not have been
contrivedand is not likely to have occurredby chance. The overall
similaritiesbetween the classificationsproducedby differentmethods
of summarizationsuggest that the population(of sites)has a genuine
structurethat will emergewhatevermethod of analysis (withinreason)
is employed.It now only remains to give the details of the methods
actuallyused.

Speciesfrequencywas calculatedusing the 25 sq m quadrat.This size
of quadratwas used in preferenceto the larger 200 sq m quadrat
(whichin theorycontainsmore information) so that the site and
vegetationclassificationswere more closely comparable.In practice,
it is extremelyunlikelythat it makes any differencewhich of the two
quadratsizes is used. In the case of the sites surveyedin 1975,when
a stratifiedsamplingprocedurewas used (see Section 4.2), species
frequencyhad to be correctedappropriately.This correction involved
the calculationof weightedfrequenciesin which each samplewas given
weight accordingto the relativeintensityof samplingin the stratum
to which it belonged.This means that strata with a high sampling
intensity,e.g. usually the linear strata, such as strandline and
water edge, have a low weight in the calculationof the % frequencyof 0.

speciesfor the site.

Having calculatedthe frequencyof specieswithin sites, these data
need to be transformedinto pseudo-speciesbefore they can be used in
indicatorspeciesanalysis.The concept behind this curious name is
very simple,that one treatsdifferentquantitiesof a species almost
as though they were separatesubspeciesof the species concerned. In
the present case of the site classification,five pseudo-species were
definedwith upper limits of 20, 40, 60, 80 and 100% frequency. For
convenience,thesemay be calledpseudo-species1-5 and it should be
noted that the exact definition of ranges is: 1 = 19.9, 2 =
20.0-39.9,3 = 40.0-59.9,4 = 60.0-79.9and 5 = 80.0-100.0.Thus it is
now possibleto considerfive speciesof Ammo hila arenariain a site:
1 = A. arenaria(0%+),2 = A. arenaria (20%+),3 = A. arenaria (40%+),
4 = A. arenaria (60%+)and 5 = A. arenaria (80%+).The most difficult
feature to understandis that, accordingto this rule, pseudo-species
are mutually inclusive,so that when a given pseudo-speciesis present
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so are its numericalsubordinates.For example,if pseudo-species2 is
present so is 1 or, again, if the frequencyof a species is 52% then
pseudo-species1, 2 and 3 will all automaticallybe present.As far as
the user is concerned,this is less complicated than it sounds, as
will be demonstratedin the instructionsfor the use of the key (see
Section 8.5). Use of the key only requiresa comparison to be made
betweenthe actual frequency of a species in the site and the
frequencythat is impliedby the pseudo-speciesthat is listed as an
indicator.If the frequencyis the same or greater than that required
to generatethe pseudo-speciesindicator(and it does not matter how
much greater,even to the extent that superior pseudo-species are
present)then that indicatoris recordedas presentand is scored -1
or +1 accordingto allegiance. Subordinate pseudo-species have no
functionin the keying-outprocess.In the computeranalysis,the use
of mutually inclusive pseudo-species has the effect of giving a
quantitativeweightingto the data, i.e. pseudo-species 5 has five
times the weight of pseudo-species1 in determining the ordination
that is the basis for each divisionin ISA.

In the ISA that derived the site classification,all specieswere used
and no downweightingof rare species (see Hill et al., 1975, pages 603
and 612) was employed.

The simplicityof the site classification,as comparedwith that for
the vegetationtypes, is such that there is no need to employ
elaboratemeasures to avoid misclassificationsin the key, i.e. no
re-allocationand multi-pathkeys are required.This simplicity stems
from severalfeaturesof the data from which it is derived. Firstly,
the effect of the minorityof aberrantquadratsis minimized by the
method of data summarization,i.e. the takingof a mean (% species
fquency) for all the quadratsin a site. Secondly,the site data are
better "conditioned"than those for the vegetation, i.e. there are
more or less equal numbersof sitesover the range of variation (cf.
the vegetationdata in which nearly 29% of quadratswere allocated to
one out of 29 types (includingbare ground B), namely base-rich dune
grasslandD1). This does not mean that the site data are perfectly
.asancedbecause there are, for example, 29 sites on the Outer
Hebrideswhere the range of variationis quite small. By contrast,
there are only 11 sites on the north coast where the 'variation is
comparativelylarge. Nevertheless,ISA has been able to deal with this
degreeOf imbalancewithout any apparent difficulty. Even the two
sites that are very differentfrom all others in the survey, namely
Tong (on Lewis) and Spey Bay (Central)(on the Moray Firth), have been
dealt with satisfactorilywithout adversely affecting other parts of
the classification. Finally, there is some evidence that there is a
genuinestructureto the site classificationand that the range of
variationcan be reasonablywell accountedfor in two dimensionsof a
reciprocalaveragingordination(the first and second axes). This was
not possiblewith the vegetationclassification.

Nomenclatureof the site types followssimilarprinciplesto those for
the vegetation classification (see Section 7.2), except that no
divisioninto named familieshas been attempted. However, it is a
marked featureof the site classificationthat the site types on the
negativeside of the first division (SiteTypes 1-8) have a western
and northerndistribution,whilst those on the positive side (Site
Types 9-14) have a mostly easterndistribution(withthe exception of
Site Type 10 - of which more later).These two groups of site types
tend to be losely referred to as the western (and northern) and
easterngroups of site types. Each of the site types has been given a
number (1-14),runningfrom left to right on the hierarchical diagram
(Figure7), which can be expressedeither as Site Type No. or by the
abbreviationST No. Each site type has also been given a brief name
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which it is hoped encapsulatesthe main characteristicsof the type.
It has proved impossibleto be entirely consistent in the naming
process but each name beginswith a geographicalreferenceand this is
usually followedby some sort of habitat description. There is no
appendedlist of of dominant plant species as in the vegetation
classification.The followingis a list of the 14 site type names
giving the numberof sites in each type.

ST1 - West Coast, Hebridean,Machair type (13 sites)
ST2 - West Coast, Hebridean,dune type (20 sites)
ST3 - North and West Coast, truncatedtype (7 sites)
ST4 - NorthernIsles type (5 sites)
ST5 - North and West Coast, acid heath type (7 sites)
5T6 - North Coast, bayhead,well drainedtype (2 sites)
ST7 - North-westCoast, bog type (3 sites)
ST8 - North-westCoast,montane type (2 sites)

ST9 - East Coast,Main type (14 sites)
ST10 - West Coast, acid, dwarf shrub type (7 sites)
5T11 - HebrideanSaltmarshtype (1 site)
5T12 - East Coast, truncatedtype (6 sites)
5T13 - East Coast, Firth type (6 sites)
5T14 - East Coast, estuarineshingletype (1 site)

8.2 Methods of Interpretation

The methods used to understand the site classification and the types
of informationupon which this interpretationis based are similar to
those for the vegetationclassification(see Section 7.1) The same
categoriesof data - floristic,biotic,land-use,environmental,soils
and geographicaldistribution- have been used and it is mainly the
type of summarizationthat is different,i.e. the main concernis now
with sites and site types rather than vegetationtypes.

The main difficultyin interpretationis the presence of confounding
factors.Unfortunately,survey data are not like those produced by
designedexperiments,where there are proper controlsand the factors
(treatments)can be varied orthogonallyto measure their effects. The
lack of balance,or orthogonality,in survey data frequentlymakes it
impossibleto separatethe possibleeffectsof two or more factors.
Even simple comparisonsmay be weakenedby the very different numbers
of observationsfallingwithin classes defined by discrete factors.
There may even be a completelack of replicationfor some comparisons.

In survey data, as opposed to those derivedfrom designedexperiments,
factorstend to be highly correlatedbut this does not mean that they
are necessarilycausallyrelated. Also, the range of combinations
available for study may be limited. This limitation is well
illustratedby the first division of the site classification (see
Section 8.6 - the maps with step 1 of the site key) in which there is
a fairly clean split betweenSite Types 1-8, on the west and north
coasts (includingthe western islands),and 9-14, on the east coast.
This split, which, it must be emphasized,representsthe major trend
of between-site(floristic)variation, divides Scotland on a line
running south-westto north-east(almostalong the Great Glen). The
most obvious explanationof this diyision is that it is based on
climaticdifferences,with an oceanic regimein the west and north and
a more continentalregime in the east. Maps of most climaticvariables
and synthesizedclimaticclassifications(e.g.Birse and Dry, 1970;
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Birse and Robinson,1970;and Birse 1971)show similar trends.Climate
may indeedbe the most important factor in determining the site
classificationbut this is difficult to establish because so many
other factors follow roughly the same geographical pattern. Good
examplesof this type of coincidenceof factors, which must have a
major influenceon the floristicallyderivedsite classification, are
land-useand soil types. Both these factors tend to parallel the
climatictrends,which is not surprisingas they must be, to some
extent, causallyrelated.Land-useaffects both the site boundaries,
e.g. truncatedsites on the east coast, or the vegetation directly,
e.g. croftingin the west. Soil types follow a similar pattern, with
shell-richsands mostly on the west and north coasts and more
siliceous sands in the east. Regional differences between the
macro-topographyof sites and the effectsof isostasyalso tend to be
correlatedwith the climatictrendsin Scotland.

One apparentcoincidencethat is barely credible,i.e. it is tempting
to look for a genuine connection,can be observedin three sites in
north Aberdeenshire.The most northerlyof these sites, Fraserburgh,
is the only east coast site that is allocatedto the negative side,
i.e. with the west and north coast types, in the first divisionin the
site classification. Fraserburgh also contains 29% of quadrats
allocatedto base-richdune grassland01, normallya vegetation type
with a distinctivewestern and northerndistributionand which, as the
name suggests,is thought to be associatedwith base-rich substrates.
The other two sites, Strathbegand St Fergus, are allocatedalong with
the eastern types but are notable for also containing a significant
proportionof D1 (Strathbeg14%, St Fergus 14%). These observations
give rise to the hypothesisthat the environment of this particular
part of north-eastScottishcoast must have some similaritieswith the
west coast. The most likely factorwould seem to be sand type and,
Thdeed, recent chemicalanalysisof sand samples collectedduring the
survey (two samples per site taken from as near to the shoreline as
possible)have given mean values for free calcium carbonate of
Fraserburgh24.5%1 Strathbeg 16.6%and St Fergus 17.9%.These figures
are in sharp contrastto nearby sites, Spey Bay (Central)0.1%, Cruden
Bay 3.1% and Forvie 0.2%. So locallyhigh levels of calcium carbonate
appears to be the explanation,that is until one examinesthe climatic
maps and finds that the area around Fraserburghis includedin Birse's
Hyperoceanicsub-sector(01) and Strathbegand St Fergus are only just
outsidethis boundary.This is the only occurrenceof the Hyperoceanic
climaticregime on the east coast of Scotland,although it also just
touchesMorrich More on the Dornoch Firth. Curiously,this site that
is also allocatedto a western type - ST10. So once again there is
confounding of factors and it is impossible to determine (on this
evidencealone) whether the three sites in question have western
affinitiesbecauseof climaticregime or sand type. The coincidence

also gives rise to speculationas to whether shell-sand and climate
are causallylinked,but, as there is no obvious mechanism by which
this could happen, the idea must be abandoned.

Looking furthersouth on the east coast, it will be noted that
Arbroath,Dumbarnieand Yellowcraigalso contain some base-rich dune
grasslandD1 (17%, 10% and 11% respectively). These sites are not
located in one of the more oceanic climaticregimes but they do have
some free calcium carbonatein the coastal sand - Arbroath 10.0%,
Dumbarnie 10.1%and Yellowcraig20.8%. The sand at other nearby sites
also containssome calcium carbonate- Tentsmuir 1.1%,Aberlady 6.1%,
Gullane 8.4% and Tyninghame3.7%,i.e. somewhatlower values, but not
as low as most other sites on this coast, so the effect is not
absolutely clear-cut. The combined effect of these observations
constitutes reasonable evidence that sand type is at least as
importantas climate in determiningthis particular vegetation type
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(D1).Base-richdune grasslandD1 is so common (29% of all quadrats)
that this conclusionmust also have considerablebearingon the site
classificationitself.It is, however,difficultto come up with more
definitiveanswersor to apportionthe effect of various factors with
greater certainty.The result of the chemicalanalysesof sand samples
will be communicatedin a supplementaryreport at some later date,
along with some size fractionanalysesand mineralogical assessments.

8.3 General Interpretationof Site Classification

Before proceedingto a detaileddescriptionof the 14 site types, it
is useful to examine the overall characteristics of the site
classification.

8.3.1 GeographicalDistributionof the Site Types

As already noted, a number of the site types defined by the site
classification show a marked geographical distribution. This
characteristicis evidentfrom the first split in the classification
(see step 1 of key and associatedmaps - Section 8.6)in which there
is a sharp divisionbetweenthe western and northernsites (-ve) and.
the eastern sites (+ye). On the negative side, just one site,
Fraserburghin north Aberdeenshire,is on the east coast. Freswickand
Sinclairs Bay in eastern Caithness are, in fact, just round the
north-easterntip of Scotland (DuncansbyHead) on the east coast but
have been countedas being northern.The probableexplanationfor the
status of Fraserburgh has been discussed above (Section 8.2) in
relationto climaticregime and sand type. On the positive side, the
divisionis not quite so clear-cut. Tong on Lewis is almost pure
saltmarshand, as such, has little to do with east/westtrends. Torrs
Warren (Wigtonshire),in the extreme south-west,is directed to the
positiveside but it does, in fact, closely conform to the basically
easterntype to which it is eventuallyallocated (Site Type 9 - East
Coast,Main type). There are good reasons,in terms of climate and
sand type, why this should be so. The other exceptions (starting in
the south-westand working round clockwise) are Laggan Bay (Mull),
Oronsay,Garvard and Kiloran Bay (all these sites on Colonsay),
Redpoint (WesterRoss) and Sandwood (north-west Sutherland) which,
along with MorrichMore (on the Moray Firth),make up Site Type 10
(WestCoast, acid, dwarf shrub type). This type is characterized by
containinga significantproportionof peaty habitats,i.e. up to 50%
of quadrats.In the case of the six westernmembers of the ST10, much
of the peat is relativelyunaffectedby blown sand, often overlying
rock and other substrates. Inclusion of these non-sandy habitats
within the sites is the result of the way in which the site boundaries
were drawn.Most of the Peatlandvegetation types that characterize
ST10 occur either near the inland boundaryof the site or on rocky
ridges or headlandsthat run throughor fringe the sandier parts of
the sites.MorrichMore, the one easternexample of the type, is a
borderlinemember of the ST10. Here the peat formationis due to high
water table round the several small lochs on the site and the balance
betweenPeatlandand Grasslandvegetationtypes is rather different
from the othermembers of ST10.
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Descendingnow to thelevelof theclassificationwherethe types are
derived,it canbe seenthatthegeographicaldistributionof sites
withina .site.type conforms to two fairly distinctivepatterns
(dealingonlywiththosetypeswithfiveor moresitespertype).

(a)Discretedistribution

Theseare casesin which all (or the majority)of the sites
allocatedto the type have a fairly well circumscribed
geographicaldistribution.Thefollowingsitetypes are examples
of discretedistribution.

ST1 - WestCoast,Hebridean,Machairtype,onlyon Southor NorthUist
(apartfromAchnahairdon themainland).

ST2 - WestCoast, Hebridean,dune type, on the Outer and Inner
Hebrides(CollandTireeonly)(withtheexceptionof Brechinon
Shetland).

5T4 - Northern Isles type, only on Orkney, Shetland and the
north-easterntipof Caithness.

5T9 - EastCoast,Maintype, only on the east coast of mainland
Scotland(withtheexceptionof TorrsWarrenin thesouth-west),
avoidingthemoreextremeestuarinesituationson thatcoast.

5T13- EastCoast,Firthtype,onlyin theinner part of the three
mainfirths(Dornoch,MorayandForth)on the east coast of
Scotland.

(b)Widespreaddistribution

Theseare typeswithno
in eachcasethereisa
factoror habitattype,
grouped together.The
widespreaddistribution

distinctivegeographicaldistributionbut
connectingtheme,suchas an environmental
whichcausesthesiteswithina typeto be
followingsite types are examples of

ST3 - NorthandWestCoast,truncatedtype,whichoccursmainlyon the
southernpartof thewestcoast,theInnerHebrides (Islay and
Mull)and on thenorthcoast(withtheexceptionof Fraserburgh
on the eastcoast).The commonfactorin thissitetype is, as
the name suggests, truncation. Land-use has restricted these
sitesto a fairlynarrowcoastalstripand, as a result, the
proportionof vegetationtypes associated with unstable
substratesis increased(e.g.meansforthe typeare - D3=25%,
C=6%and B=3%,or a totalof 34%for unstabletypes).

5T5 - NorthandWestCoast,acidheathtype,withsiteswellspreadon
the islandsoff thewestcoast(Mull,Colland Pabbay) and in
two siteson thenorthcoast(FaraidHeadand Dunnet). Despite
thefactthatsandneartheshoreon thesesitesis calcium-rich
(mean42.4%freecalciumcarbonate),there are some areas of
moreacidsoilor shallowpeatfurtherinland,givingconditions
underwhichsomeof themoreacidvegetationtypesare able to
develop(e.g.meansfor typeare- G1=15%,G2=7%, P1=7%, or a
totalof 29%).The originof these heathy areas is probably
topographical.



-172-

ST10 - West Coast, acid, dwarf shrub type. This type has already been
discussedabove, the conclusionbeing that it is determined by
the presenceof peaty habitatswhich, in this case, is under
fairly general climatic control, i.e. it is not 'a local
phenomenonbut can occur in sites anywhere throughout the
highly oceanic climateof western and northernScotland.Again,
topography,and the way in which the site boundarieshave been
drawn, is thoughtto be the determiningfactor for the type.

8.3.2 Indicatorand PreferentialSpecies

Becausethe site classificationis so relatively simple and because
there are so few steps in the key producedby the ISA (a total of 13
steps and a maximum of 4 steps leading to each type), it is possible
to use the indicatorspecies that define each divisionas a means of
(ecological)interpretation.An overall interpretationwas not really
feasiblein the case of the vegetationclassificationbecause of the
complexityof the multi-pathkey, i.e. with up to 10 steps being
requiredto determinea vegetationtype. Nevertheless, some crucial
steps have been interpreted in relation to particular vegetation
types. In attempting an interpretation of site types based on
indicatorspecies,three importantpointsmust be kept in mind.

The indicatorspecies are, in reality,frequency classes and
in all cases the quantitativeelement is, to a greater or
lesser extent, important. It is the degree of importance of
the quantity, and its ecological interpretation, that it is

not always easy to define. Also, it is possible to get
confusedbetween the quantityof a species in a series,of
quadrats,e.g. mean cover, and the statistic that is really
involved,i.e. the number of times a species occurs in the
series of quadratsthat representa given site. Not a very
familiarconcept!

It must not be forgottonthat the indicatorsdefininga given
division are also conditioned by the indicators in all
superiorlevelsof division,i.e. indicators in the fourth
level of divisionare affectedby those at levels 3, 2 and 1.
Thus it is quite possible for an indicator to appear on
apparentlycontradictingsides at different levels in the
classification,i.e. species A may be indicative of the
positiveside at level 1 but may re-appearat, say, level 3 on
the negativeside of the hierarchy.This phenomenon does not
occur very often in the site key (it is quite common in the
vegetationtype key) but it can be observed, e.g. Bellis
perennis(40%+) in step 1 (-ve side) and repeated in the
(20+) form in step 12 (+ve side).

Note shouldalso be taken of the threshold value for each
division,i.e. just how many negativeor positive indicators
have to be present,and in what balance,in order to achievea
particularoutcomein that step of the key. For example, in
step 1 of the key at least 4 of the 8 negativeindicatorsmust
be present,with no positiveindicators,for the threshold of
-4 to be achieved,i.e. if only 3 negative indicators are
presentthe score will be -3 and the outcomewill be to follow
the positive pathway, despite having recorded a negative
score.
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As a sedondaryaid to the interpretationof the floristic difference
between varioussite types,tables of preferentialspecies have been
prepared._Thesetablesrefer specificallyto the comparisonbetween a
particulai-pairof site types, e.g. a comparisonbetweenST1 and ST2,
and thereforeonly appearwith the discussionof those steps in the
site key which actuallydefine site types. For the purposes of this
exercise,a preferentialspecies is defined as being present in a
ratio of at least 2 to 1 in favour of the side to which it is
preferential,on which side it must occur with a minimum frequency of
5% (cf. preferentialspeciesfor the vegetationtypes requireda ratio
of 2 to 1 and a minimumfrequencyof 20%).

With the above provisosin mind and with the aid of the tables of
preferentialspeciesto differentiatebetweenrelatedsite types, it
is now possibleto examinethe steps of the key (see also Figure 7 and
the Site Type Key in Section8.6).

In the first divisionof the site classification(step 1 or division
1/1) the negativeside is definedby eight species that are typical of
fixed dune grassland, i.e. species that are most common in the
Dunelandfamily of vegetation types. All eight species, with the
possibleexceptionof Ranunculusacris, are low-growingplants rarely
exceeding 10cm in height. On the positive side, Chamaenerion
angustifoliumis tall-growingherb, characteristicof disturbance or
fire and may also indicaterelatively low grazing pressure, whilst
Rumex acetosella is a small species, indicative of acid, dry
conditions.It will be noted that both positiveindicators belong to
the first pseudo-species(0%+)and thereforeonly have to be present
ihvone quadratin the site to count, as does Trifoliumpratenseon the
negativeside. All the other species on the negative side have a
qUantitative qualification, i.e. Trifolium re ens and Plantago 
laiiceolatamust be in at least 60% of quadratsin a site to count. As
already noted, the thresholdfor this divisionis well on the negative
side (-4), meaning that the negative affinities, in terms of
indicators,have to be quite strong for a site to be allocatedto the
negativeside, i.e. to the eight site types with an almost exclusively
western and northern geographical distribution. The positive side
leads on to the six site types with a largely eastern distribution,
i.e. with the exceptionof ST10 - West Coast, acid, dwarf shrub type.

In the next division (step2 in the key or division 2/1 in the
hierar'chy),which furthersplits the negativeside of division 1, i.e.
the western and northerntypes, Trifoliumre ens (80%+) is the sole
negativeindicator. This may be interpreted as referring to sites with
a high proportion of Duneland vegetation types and, therefore,
comparativelysmallamounts of other vegetationtypes.On the positive
side are nine species typicalof acid grasslandor damp heath. Six of
these species are of the lowest pseudo-species (0%+) - Pteridium
aquilinum,Achillea tarmica, Hieraceum ilosella, Festuca ovina,
Vicia sepium and Erica tetralix.The rest of the indicatorsare at one
class higher (20%+) - A ostis tenuis, Potentilla erects and
Sieglingiadecumbens.Again the thresholdfor.thedivision of +5 is
quite a stringenttest for definingthe positivetypes, i.e. 5 out of
9 if Trifoliumrepens (80%+)does not occur or 6 out of 9 if it does.
This division reallysets the seal on Site Types 1-4 (negative) in
which there are few acid vegetationtypes and Types 5-8 (positive) in
which there is an increasing acidic influence (in the order
5T6-ST5-ST7-ST8)along with the basic complement of more base-rich
vegetationtypes (mostlythe Dunelandfamilyand particularlyD1).

Step 3 (division2/2) is the first subdivisionof mainly eastern site
types. There is only one positiveindicator,Cirsium arvense (20%+).
It is not easy to producea ready interpretationfor this species but,
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as the positiveside offlthisdivisionleadsetothree site types (5T12,
5T13, and ST14) that are characterizedby 'being truncated, somewhat
unstableand/or disturbed,it is assumed that it is these featuresare
what is being referredto by a high frequencyof Cirsiumarvense. Only
one of the negative indicators has a quantitative qualification,
Calluna vul ris (20%+).The rest are just presencewith any frequency
(0%+) - Potentilla erecta, Juncus effusus, Erica cinerea, Erica
tetralix,Salix repens, Nardus stricta,Luzulamultifloraand Succisa
pratensis.These indicatorsare interpretedas being associated with
increasingacidityand heathlanddevelopment.The threshold value of
-3 means that at least 3 of the negativeindicatorsmust be present in
the absenceof Cirsiumarvense,or 4 if the positive indicator is
present.

A furtherdivisionof the west coast site types (step 4 or division
3/1) resultsin a separationof the Hebrideansites from a group of
sites in the southernInner Hebrides,another in northernScotlandand
sites on the NorthernIsles, i.e. Site Types 1 and 2 are being
separatedfrom 3 and 4. The negativeindicatorsfor this divisionshow
for the first time the importanceof wetland habitats in the Outer
Hebrides.Of the eight negative indicators, higher frequen-ciesof
Trifolium ratense (20%+) and Leontodon autumnalis (40%+) are
required,both machair species, but Daucus carota, Carex panicea,
Molinia caerulea, Ana llis tenella, Glaux maritima and Lychnis
flos-cuculiare only requiredto be present (0%+). On the positive
side,Cirsium vul are and Cirsium arvense,both (20%+), are probably
associatedwith an increasedlevel of disturbance. The threshold is
again -3 which, with 8 possiblenegativeindicators,is not an unduly
stringenttest for allocationto the negativeside.

Step 5 (division3/1) is concerned with a further division of mainly
north coast sites (alsosome on the Inner Hebrides).On the negative
side, C nosuruscristatusand Lolium erenne both requirea frequency
of 20%+,whilst S ina rocumbens,Poa annua, Ana allis tenella, Iris
pseudacorusand Plantagomajor only need to be present. The three
grassesare taken as being indicatorsof short-grazedturf with some
disturbance- possiblyploughing where Lolium occurs. Both Sagina 
procumbensand Plantagomajor are interpreted as being disturbance
species.On the positive side are three indicators - Gentianella 
amarella (20%+),Carex ca illaris (0%+)and Succisa ratensis (40%+).
Carex ca illarisis a speciesof closely-grazed, flushed, base-rich
hill sides and its distributionis closely linkedwith base-richsoils
on the north coast, particularlythose that are influencedby Durness
limestone.Both sides of the divisionhave their complementof species
that grow in damp, boggy places, e.g. Iris seudacorus (-ve) and
Succisa ratensis(+ve),but the precise requirements of these two
species are ratherdifferent,i.e. Succisa ratensis grows on more

• acidic, peaty soils. The thresholdvalue of 0 for this step is not
obviouslybiased to one side or the other of the division.

Step 6 of the key (division3/3) is merely concernedwith the removal
of Site Type 11, representedby one site (Tong on Lewis), from the
main body of east coast sites. There are only positiveindicators for
this step and, with the exception of Carex distans and Leontodon
autumnalis,the species listed are associated with the saltmarsh
habitat- Armeriamaritima,Aster tri olium, Cochlearia officinalis,
Glaux maritime,Juncus erardii, Puccinelliamaritimeand Spergularia
media, all at 20%+, and Planta o maritime (60%+).The strong saltmarsh
elementin Tong and the fact that saltmarshestend to be more common
in east coast sites probably explain why this western site is
initiallysegregatedwith the eastern group.With a thresholdvalue of
+4, at least 5 out of the 8 positiveindicatorsneed to be present for
a site to be allocatedto 5T11.
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Step7 (division4/4)is similarin functionto step6, isolatingSite
Type 14 fromthemoregeneralrun of eastern sites. This type is
representedby the probablyuniquesiteof SpeyBay (Central)on the
southsideof theMorayFirth.The indicatorspecies,whichare again
all positive,are clearlyrelatedto the carr woodland flora that
occupiesmuchof the site.Again,witha thresholdvalue of +4, at
least5 of the 10positiveindicatorsneedto be presentfor a siteto
be allocatedto ST14.

Providingtheoriginalmethodof selectingsites is retained,i.e.
choosingfairlynaturallandunits,the likelihoodof finding further
sitesthatwouldbe allocatedto 5T11 or ST14 is thought to be
extremelylow.

The stagein thekey hasnow beenreached(level 4) where the main
sitetypesare isolated.Suchis the-simplicityof the classification
thatthe site types can usefully be compared in their natural
pairings,i.e.as theyappearin the classificationhierarchy,1 with
2, 3 with 4, etc.An ordinationof thesitetypesconfirmsthis view.
As wellas interpretingthe indicatorswhichdefinea division,it is
now possiblealsoto'considerthe preferentialspecies.

Step8 (division4/1)is concernedwithpartitioningsites,mostly in
theOuterHebrides,intoSite Types 1 and 2 (ST1 - West Coast,
Hebridean,Machairtypeand ST2 - WestCoast,Hebridean,dune type).
Of the eigbt negative indicators four have a quantitative
qualification- Potentillaanserina (20%+), A rostis stolonifera
(60%+),Ranunculusre ns (20%+)and Violatricolor(20%+).The other
fourhaveonly to be present to count, Saxifra tridactlites,
Erodiumcicutarium,Eleocharisuni lumisand Atrilexhastata.On the
Positiveside,the twoindicatorsareThymusdrucei(20%+) and Lotus 
corniculatus(60%+).Two influencescan be detectedin theselists of
species.On bothsidesof thedivision are species of dry machair
grazings,withperhaps a hint of less stable conditionson the
negativeside(ST1),e.g.Erodiumcicutarium.Also on the negative
side,Potentillaanserina,Ranunculusre ens and Eleocharisuni lumis
are indicativeof a higherproportionof dampor wet habitats,i.e.
probablywherethemoreinlandpartsof thesitesin ST1 extend into
the "blackland"or include small lochs. Atrilex hastata (also
negative)is.mainlya strandlinespeciesbut onewhichalsooccurs in
blow-outsanddisturbedareasnearthe shore.The thresholdvalue of
-3 is balancedmoreor lessin accordwith the proportionof negative
and positiveindicators,i.e.8 to 2 so that3-0,4-1 and 5-2 are the
possiblemarginalscoresfor allocationto 5T1.

The divisionof sitesinto5T1 and 5T2 can be further investigated
throughthe listsof preferentialspeciesfor the two types.

PreferentialSpeciesforSiteType 1

SpeciesNames ST1 ST2

Agropyronrepens 10.6 3.8
Agrostiscanine 10.6 3.8
Calthapalustris 12.4 4.3
Carexpanicea 21.3 6.9
Cerastiumatrovirens 27.7 13.3
Crepiscapillaris 11.0 4.3
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Epilobiumpalustre 7.2 1.9

Eriophorumangustifolium 8.2, 1.7

Erodiumcicutariumagg 10.9v. 0.6

Galium palustre 5.7 1.4

Geraniummolle 17.9 3.6

Honkenyapeploides 5.6 2.0

Hydrocotylevulgaris 13.9 5.8

Juncus bufonius 7.6 1.4

Lychnis flos-cuculi 12.7 6.3

Myosotisarvensis 19.8 3.0

Plantagomajor 7.0 1.8
Polygonumamphibium. 6.2 1.3
Potentillaanserina 42.7 13.0
Potentillapalustris 5.2 0.9

Ranunculusrepens 43.2 10.8

Sagina procumbens 16.6 4.6

Saxifragatridactylites 6.0 0.0

Sedum acre 6.3 3.1

Senecioaquaticus 5.4 1.1

Sonchusarvensis 5.7 1.2

Sonchusasper 5.4 0.9
Triglochinmaritima 8.4 4.1

Veronicaarvensis 20.1 5.9
Vicia cracca 26.3 11.7

Viola tricolor 26.3 4•4

PreferentialSpeciesfor Site Type 2




Species Names ST1 ST2

Agropyronjunceiforme 6.4 12.9

Anthyllisvulneraria 10.5 22.0
Armeriamaritima 4.8 9.7
Campanularotundifolia 1.9 10.6

Carex flacca 12.9 26.4

Centaureanigra 8.2 17.7

Coeloglossumviride 3.6 12.5

Daucus carota 11.4 32.4
Gentianellacampestris 0.6 6.8
Helictotrichonpubescens 1.5 10.5

Hieraceumpilosella 0.0 5.4
Koeleriacristata 2.0 25.1
Luzulamultiflora 3.1 7.6
Plantagomaritima 13.8 28.5

Polygalavulgaris 8.5 22.3
Primulavulgaris 1.0 9.1

Thymus drucei 2.9 29.3
Viola riviniana 5.6 15.0

It will be noted that most of the above preferential species do, in
fact, occur in both site types. The exceptions are Saxifraga
tridactylitesoccurring,in ST1 (6.0%)and not in 5T2, and Hieraceum
pilosella,which was recordedin 5T2 (5.4%) but not in ST1. The
preferentialspeciesfor ST1 reflectthe same types of habitat that
were interpretedfrom the indicators,five out of eight of which are
listedas being preferential.Typicalof wet areas or loch edge are
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*such speciesas Caltha alustris, 12.4% in ST1 and 4.3% in ST2,
E ilobium lustre (7.2% and 1.9%), Erio horum an ustifolium (8.2% and
1.7%), Galium lustre (5.7% and 1)4%), L chnis flos-cuculi(12.7% and
6.3%), Pol onum am hibium (6.2% and 1.4%), Potentilla alustris (5.2%
and 0.9%) and Senecioa uaticus (5.4% and 1.1%). Other species are
typicalof strandlineor disturbance,e.g. A ro ron repens (10.6% and
3.8%), Erodiumcicutarium (10.9% and 0.6%), M osotis arvensis (19.8%
and 3.0%), Plantagomajor (7.0% and 1.8%), Sa ina rocumbens (16.6%
and 4.6%), and Veronica arvensis (20.1% and 5.9%). The species
preferentialto ST2 are fewer in number and less easy to interpret.
Mostly they are plants that are found in short-grazed turf, e.g.
Coelo lossum viride, 12.5% in ST2 and 3.6% in ST2, Gentianella
campestris(6.8% and 0.6%), Koeleriacristata (25.1% and 2.0%) and
Thymusdrucei(29.3% and 2.9%). Some of these species convey a
suggestion of slightly increased acidity. There is also some
reflectionof the increasedproportionof active dune in ST2 through
the relativefrequencyof ro ron 'unceiforme,12.9% in ST2 and 6.4%
in ST1. Ammo hila arenariashows the same trend but the difference in
not quite enough to qualify this speciesas a preferential.

These figuresmay not seem very spectacular (cf. the preferential
species for the vegetationtype - see Section 7) but it must be
emphasizedthat they representa difference that occurs only in a
minorityof quadrats,i.e. the majorityof quadratsare the same in
both site types. There is also reasonableevidencethat ST1 and ST2
are the pair of site ,types between which there is the least
difference, i.e. all other site types show more distinctive
differences.

Step 9 in the key (division4/2) is concernedwith the separation of
ST4 - NorthernIsles type (positive)from ST3 - North and West Coast,
truncatedtype (negative).These are contrastingtypes,with discrete
and widely spread geographicaldistributionsrespectively. There are
two positiveindicators (for ST4), Coelo lossum viride (0%+) and
Cerastiumholosteoides(60%+), and these are taken as being indicative
of closely-grazed,damp, base-rich habitats. All but one of the
negativeindicatorsonly have to be present in a single quadrat to
score - Geranium molle, H ochoeris radicata, Thalictrum minus,
Veronicachamaedrs, Arenaria ser llifolia, Cam anula rotundifolia
and Ranunculusbulbosus (all at 0%+). The exceptionis Taraxacum s .
(20%+). The negativeindicatorsare mainly speciesof dry machair with
a tendencytowardsacidity. The threshold value of -2 is not a
particularlydemandingqualificationfor the negative side but does
mean that not many negativeindicatorscan be present if an allocation
to the positive side is to occur.

A comparisonbetween the two types ST3 and ST4 may also be made in
terms of the preferentialspecies containedin the following tables.

PreferentialSpecies for Site Type 3

Species Names ST3 ST4

Agropyronjunceiforme 6.0 2.5
Angelicasylvestris 9.5 4.5
Anthriscussylvestris 7.2 0.0
Arrhenatherumelatius 15.6 1.9
Campanularotundifolia 25.2 0.0
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Centaureanigra 24.3 0.6
Cerastiumatrovirens. 15:0 3.1
Dactylisglomerata 23.8' 11.3
Filipendulaulmaria 9.9 1.9
Geraniummolle 6.4 0.0
Helictotrichonpubescens 8.4 1.3
Hieraceumpilosella 12.9 0.6
Hypochoerisradicata 6.0 0.0
Koeleriacristata 18.2 1.3
Lathyruspratensis 8.7 1.3
Leontodonautumnalis 25.4 12.6
Leontodontaraxacoides 12.7 0.0
Myosotisarvensis 6.2 1.9
Odontitesverna 5.7 0.6
Plantagomajor 11.9 5.8
Polygonumaviculareagg. 5.0 1.3
Primula veris 5.1 • 0.0
Ranunculusbulbosus 22.4 0.0
Rumex crispus 14.1 5.7
Sonchusasper 8.8 3.1
Taraxacumspp. 46.0 16.6
Thalictrumminus 13.0 0.0
*Trifoliumpratense 13.2 3.9
Tussilagofarfara 5.2 0.0
Urtica dioica 11.3 2.6
Veronicachamaedrys 25.8 0.0
Vicia sepium 11.2 0.6
Viola canina 8.1 0.0

PreferentialSpeciesfor Site Type 4




SpeciesNames ST3 ST4

Agrostisstolonifera 30.1 63.4
Cardaminepratensis 4.7 16.0
Carex nigra 8.4 25.9
Coeloglossumviride 0.0 7.6
Deschampsiacespitosa 1.5 13.6
Elymusarenarius 0.4 6.5
Euphrasiaofficinalisagg. 24.5 58.7
Galium sterneri 0.0 12.9
Gentianellaamarella 5.1 22.5
Gentianellaamarella/campestris 0.0 5.1
Luzulamultiflora 1.9 8.3
Myosotisdiscolor 0.0 6.9
Parnassiapalustris 1.4 15.5
Plantagomaritima 6.0 19.1
Poa trivialis 1.6 22.9
Ranunculusacris 34.7 70.1
Sagina nodosa 1.4 5.8
Scilla verna 0.0 9.8
Selaginellaselaginoides 0.5 5.1
Senecioaquaticus 1.6 16.1
Sonchus arvensis 0.9 6.5
Stellariamedia 9.7 30.0
Viola riviniana 16.2 42.4
Viola tricolor 4.7 22.5
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Speciesthat are particularlycharacteristicof ST3 are Arrhenatherum
elatius,15.6% in 5T3 and 1.9% in 5T4, Cam anula rotundifolia (25.2%
and 0.0%), Centaureani ra (24.3% and 0.6%), Cerastium atrovirens
(15.0% and 3.1%), Hieraceum ilosella (12.9% and 0.6%), Koeleria 
cristata(18.2% and 1.3%), Leontodontaraxacoides (12.7% and 0.0%),
Ranunculusbulbosus (22.4% and 0.0%), Taraxacum s . (46.0% and
16.6%), Thalictrumminus (13.0% and 0.0%) and Veronica chamaedrs
(25.8% and 0.0%).These speciesmay be interpretedas being associated
with dry, slightlyacid habitats.By contrast,species preferentialto
8T4 are mostly indicative of damper conditions, e.g. Agrostis
stolonifera,63.4% in ST4 and 30.1% in 5T3, Carex nigra (25.9% and
8.4%), Descham sia ces itosa (13.6% and 1.5%), Gentianella amarella
(22.5% and 5.1 Parnassia alustris (15.5% and 1.4% , Plantago 
maritima(19.1% and 6.0%), Poa trivialis(22.9% and 1.6%) and Senecio 
aquaticus(16.1% and 1.6%). Other species are disturbance related,
e.g. Stellariamedia (30.0% and 9.7%). One species that seems to be
particularlycharacteristicof the Northern Isles type is Galium
sterneriwhich was recordedin 12.9% of quadratsin the type.

Steps 10 and 11 in the key (divisions4/3 and 4/4) are concerned with
partitioningthe various site types that occur mainly on the north
coast (5T5, ST6, ST7 and 5T8). 5T5 - North and West Coast, acid heath
type, is the exception,containingsome west coast sites (on Mull,
Coll and Pabbay).The trend here is one of increasingacidity in the
order 5T6, 5T5, ST7 and ST8.

Step 10 separates 5T5 - North and West Coast, acid heath type
(negative) from 5T6 - North Coast, bayhead, well drained type
(positive).The indicatorsfor the negative side (ST5) are Carex
panicea, Carex pulicaris and Erica tetralix all at the lowest'
pseudo-species 0%+ . These species are interpreted as indicating
rathermore acidic conditionsand even peat formation.On the positive
side, there is rather a mixed bag of species,ranging from the very
common,e.g. Achilleamillefolium (60%+) and Heracleum s hond lium
(20%+), to the rare species Ox tro is halleri (0%+), which has its
main area of distribution on the north coast of Scotland. Other
indicatorsfor the positive side are Anth llis vulneraria (0%+),
Euphorbia helioscoia (0%+), Primula veris (0%+) and Trollius

europaeus (0%+). All of these species tend to occupy rather
specialized habitats which apparently occur with a reasonable
frequencyin the two sites that make up ST6. Why this should be so is
not clear but it is probably result of plant geography and the
presencein the sites of the necessaryhabitats.The threshold value
of +1 is not stringentbut, in fact, with the existing sites the
divisionis highly polarized,with all seven sites in 5T5 scoring -3
and the two sites in ST6 scoring +7, i.e. the most extreme scores
possible.

A furthercomparisonbetween ST5 and 5T6 can be made in terms of the
preferentialspecies.

PreferentialSpecies for Site Type 5

SpeciesNames

Anagallistenella
Arenariaserpyllifoliaagg.
Calluna vulgaris
Campanularotundifolia

	

ST5ST6

	

9.30.0

	

7.90.0

	

15.95.3

	

20.310.0
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Cardaminepratensis 9.6 3.1

Carex echinata 9.2 0.0

Carex nigra 40.6 3.9
Carex panicea 18.8 0.0

Carex pulicaris 14.2 0.0

Cirsiumvulgare 12.6 5.6
Cynosuruscristatus 45.2 11.7

Dactylorchisspp. 9.0 0.0

Erica tetralix 11.4 0.0

Eriophorumangustifolium 9.6 0.0

Festucavivipara 10.1 0.0

Helictotrichonpubescens 14.3 0.0

Hydrocotylevulgaris 9.3 2.1

Juncusarticulatus 14.7 3.1

Koeleriacristata 45.6 17.8
Leontodontaraxacoides 11.9 0.0

Luzula campestris 45.5 14.9

Molinia caerulea 17.6 2.1

Odontitesverna 7.6 1.1
Parnassiapalustris 12.3 2.1
Polygalavulgaris 24.3 5.5
Prunellavulgaris 50.2 20.2
Ranunculusbulbosus 21.2 0.0
Ranunculusflammula 10.9 2.8
Sieglingiadecumbens 26.8 11.6

Thymusdrucei 42.4 16.3
Viola canina 7.0 0.0

Preferential Species for Site

SpeciesNames

Type 6

ST5 ST6

Achilleamillefolium 28.8 64.9
Agropyronjunceiforme 4.7 9.5
Anthriscussylvestris 0.0 5.7
Anthyllisvulneraria 0.0 5.5
Bromus mollis agg. 1.4 9.2
Centaureanigra 11.8 48.2

Centaureascabiosa 0.0 6.4
Cirsium palustre 6.0 14.2
Crepis capillaris 0.5 8.0

Dactylisglomerata 9.8 25.8
Daucus carota 5.8 24.1
Deschampsiacespitosa 0.6 6.3
Draba incana 1.5 5.5
Galium saxatile 4.3 15.6
Heracleumsphondylium 7.5 32.3
Holcusmollis 0.0 6.3
Juncus effusus 7.5 16.4
Juncus squarrosus 0.7 6.9
Knautia arvensis 0.0 11.8
Ononis repens 0.0 15.5
Oxytropishalleri 0.0 8.2
Pimpinellasaxifraga 0.0 16.3
Primula veris 0.0 21.8
Rumex acetosa 20.0 44.1

Rumex acetosella 0.9 7.1
Rumex crispus 2.3 8.5
Sedum anglicum 2.7 5.5
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Sonchusasper 0.9 6.5
Thalictrumminus 15.6 32.9
Viciasepium 6.2 15.3
Vicialathyroides/sativa 1.7 11.5

It will be notedthatbothlistsof preferentialspeciescontainquite
a high proportionof speciesthatoccurin onesitetypebut are not
presentin the other.Themostinterestingspecies exclusiveto ST5
(apartfromthethreenegativeindicators)are Festuca vivi ra in
10.1% of quadrats,Helictotrichon ubescens (14.3%), Leontodon 
taraxacoides(11.9%)and Ranunculusbulbosus (21.2%).A number of
speciespreferentialto 5T5 are indicativeof acidwet habitats (some
on peatysands,Carexechinata,9.2%in 5T5and 0.0% in ST6), Carex
nigra(40.6%and 3.9%),C nosuruscristatus(45.2%and 11.7%),Erica
tetralix(11.4%and 0.0% , Erio oruman stifolium(9.7% and 0.0%),
Holiniacaerulea(17.6%and 2.1%)andSie linia decumbens(26.8% and
11.1%. In ST6,someof themore notableexclusives(other than five
of the sevenindicators,discussedabove) are Anthriscuss lvestris
(5.6%),Centaureascabiosa (6.4%), Holcus mollis (6.3%),Knautia
arvensis(11.8%),Ononis repens (15.5%) and Pim inella saxifraa
(16.3%).Perhapsmoresignificantin termsof overallecologyare such
canmonerspeciesas Achilleamillefolium,64.9%in ST6 and 28.8% in
ST5,Centaureani a (48.2% and 11.8%),Daucus carota (24.1% and
5.8%),Heracleums hondlium(32.3%and 7.5%), Rumex acetosa (44.1%
and 20.0%)and Thalictrumminus (32.9% and 15.6%).Many of these
species are tall-growing,giving rise to local areas of tall
herb/grasscommunitiesin whichgrazingis light(e.g. Duneland D5).
However,it wouldbe a mistaketo drawtoomany detailed conclusions
&bouta sitetypelikeST6,consistingof justtwosites,which, when
examinedmore closely,can be seento have quite large between-site
differences.

Step 11 in the key (division4/4)is concernedwiththesegregationof
fivesites that are located on the north coast (in north-west
Sutherland)intoST7 - NorthWestCoast,bog type (negative)and ST8 -
NorthWestCoast,montanetype (positive).Positive indicatorsare
Ammo ila arenaria(40%+)and Dr s octo tala (0%+).Thisis one of
the rareoccasionswhena siteclassificationindicatoris selected
fromthemobiledunezone.It is significantthat Ammo ila arenaria
has a fairlyhighnumericalqualification(40%+),meaningthat mobile
duneis morecommonon the positiveside (ST8)but not absent on the
negative side. The negative indicators are mainly species associated
withdamp marshy places,e.g. A elicas lvestris,Caltha lustris,
Cardamineratensis,Daucuscarota, Eleocharis alustris,Epilobium
palustreand Fili ndulaulmaria,all at the lowest pseudo-species
value(0%+).Centaureani ra (40%4-)is a rather differentspecies the
interpretationof whichis not immediatelyobvious. The threshold
valuefor thisdivisionis -4,so it doesrequire a fair number of
indicatorsto achievea negativeallocation,i.e.4-0, 5-1, or 6-2.
For theexistingsites,thedivisionis highlypolarized(aswithstep
10),with the threesitesin ST7 scoring- 7 and the twosites in ST8
scoring+2 (againthemostextremescorespossible).

A furtherinvestigationof thedifferencesbetweenST7and ST8can be
made by examiningthe preferentialspeciesfor thesetwotypes.
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PreferentialSpeciesfor Site Type 7

Speciesnames




?:f:

5T7 5T8

Achilleaptarmica




16.3 1.5
Angelicasylvestris




29.6 0.0
Caltha palustris




11.9 0.0
Cardaminepratensis




9.0 0.0
Carex arenaria




13.1 4.9
Carex panicea




46.9 12.9
Carex serotina




15.7 0.0
Centaureanigra




60.1 16.5
Dactylisglcmerata




27.4 11.7
Dactylorchisspp.




19.8 9.5
Daucus carota




50.8 0.0
Epilobiumpalustre




7.2 0.0
Equisetumarvense




6.9 0.0
Erica tetralix




20.5 3.1
Eriophorumangustifolium




7.3 1.5
Filipendulaulmaria




16.6 0.0
Galium palustre




7.6 0.0
Heracleumsphondylium




29.9 1.5
Hydrocotylevulgaris




6.9 0.0
Juncus articulatus




29.4 4.7
Juncus effusus




11.7 0.0
Leontodontaraxacoides




8.9 0.0
Lychnis flos-cuculi




5.3 0.0
Molinia caerulea




24.0 7.7
Nardus stricta




14.0 4.5
Nartheciumossifragum




14.0 1.5
Pedicularissylvatica




9.1 1.5
Pedicularisspp.




7.2 0.0
Phragmitesccmmunis




11.7 0.0
Pinguiculavulgaris




10.3 4.7
Plantagocoronopus




6.2 1.5
Potentillaanserina




17.0 1.5
Primaa veris




16.9 0.0
Ranunculusflammula




10.5 1.5
Ranunculusrepens




10.6 1.7
Rumex acetosa




22.7 8.2
Rumex acetosella




7.0 0.0
Sagina nodosa




7.7 1.7
Scilla verna




8.0 0.0
Seneciojacobaea




40.4 13.4
Stachys palustris




5.5 0.0
Vicia cracca




21.4 10.0
Vicia sepium




20.1 6.7

PreferentialSpeciesfor Site Type 8




SpeciesNames




517 sT8

Ammophilaarenaria




17.8 45.9
Antennariadioica




7.6 29.4
Arctostaphylosuva-ursi




0.0 6.0
Campanularotundifolia




17.0 39.4
Carex capillaris




6.3 13.1
Carex.nigra




26.6 58.3
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Conopodiummajus 0.0 5.0
Dryas_octopetala 0.0 9.5
Empetrumnigrum 3.0 14.0
Erica'rcinerea 0.0 6.0
Gentianellacampestris 5.7 16.4
Gymnadeniaconopsea 1.1 23.3
Helictotrichonpubescens 1.1 20.0
Hypericumpulchrum 6.1 15.6
Juniperuscommunis 0.0 13.7
Pteridiumaquilinum 1.2 9.4
Schoenusnigricans 0.3 6.2
Trifoliumcampestre 1.1 5.0
Veronicachamaedrys 5.7 21.7
Veronicaofficinalis 0.0 6.0

The list of species preferentialto ST7 is long, with no less than 19
exclusivespecies,some of which have high frequencies,e.g. Angelica
sylvestris (29.6%),Caltha alustris (11.9%),Carex serotina (15.7%),
Daucus carota (50.8%),Fili ndula ulmaria (16.6%), Juncus effusus
(11.7%)and Primula veris (16.9%).Other species are not exclusive
but, nevertheless,indicateconsiderabledifferencesbetween the two
site types, e.g. Carex anicea, 46.9% in ST7 and 12.9% in 5T8,
Centaureani a (60.1%and 11.5%),Erica tetralix (20.5% and 3.1%),
Heracleums hond lium (29.9%and 1.5%),Juncus articulatus(29.4% and•
4.7%), Molinia caerulea (24.0%and 7.7%), Rumex acetosa (22.7% and

Senecio acobaea (40.4%and 13.4%), Vicia cracca (21.4% and
10:0%)and Vicia sepium (20.1%and 6.7%).A fair proportion of these
preferentialsare marsh or bog species but others are tall herbs,
suggestingmoderate to light grazingin some parts of the sites. Some
of the smallerspecies,such as Primula veris (16.9%)and Scilla verna
(8.0%)grow in the more closelycropped pastureson the higher ground
near the site margins.

There are fewer preferential species for ST8. Of the exclusive
species, only Juni erus communis(13.7%)has a frequencyof over 10%.
Also of interestis Ammo ila arenaria,with 45.9% in 5T8 and 17.8%in
ST7 (alsoan indicator).Most of the preferentialspecies reflect the
flora of the more acidic, high level areas found in these sites, e.g.
Antennariadioica (29.4%and 7.6%),Arctostah los uva-ursi(6.0% and
0.0%), Dr s octo tala (9.5%and 0.0%), Em trum ni um (14.0% and
3.0%) and Schoenusnigricans(6.2% and 0.3 ). Two interesting species
that are preferential E7Y16, are Gentianella cam stris (16.4% and
5.7%) and G nadenia cono sea (23.3%and 1.1%).

The next step in the key (step 12, division 4/5) marks the transition
to the positiveside of the hierarchy, i.e. positive at step 1,
division 1/1,so the remainingdivisionsat this level are concerned
with segregatingthe mainly east coast sites. As two stems of the
hierarchyhave already terminatedat level 3, with one site each (5T11
and ST14), there are only two more divisions on this side of the
classification.

Step 12 is concernedwith separatingthe main group of sites on the
east coast, ST9 - East Coast, Main type (with 14 sites),from ST10 -
West Coast, acid, dwarf shrub type (7 sites). The negative indicators
for this divisionare Chamaenerionan stifolium (0%+) and Agrostis
tenuis (40%+).Chamaenerionis thought to be related •to fire and
disturbance,whereas Agrostis is a reflection of general dry, acid
conditions.A ostis tenuis is an importantspecies in Grassland G3,
which vegetationtype constitutesover 50% of the quadratsin 5T9. The
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positiveindicatorsare mainly bog speciea - Carex anicea (20%+),
Ericatetralix(20%+),Carex ulicaris (0%+), Drosera rotundifolia
(0%+), Molinia caerulea (20%4.),Tricho horum ces itosum (0%+),
Nartheciumossifra (0%+)and Bellis rennis (20%+). It will be
noted that the last of thesespecies,Bellis,is not a bog plant but
it is one of the general indicatorsof westernsites (see step 1 of
key). The thresholdfor this step is -4 which is in close accord with
the balanceof indicators(8 to 2).

The following table of preferential species further defines the
floristicdifferencesbetweenST9 and ST10.

PreferentialSpeciesfor Site Type 9




SpeciesNames ST9 ST10

Agrostistenuis 62.2 19.6
Arrhenatherumelatius 5.8 1.3
Carex arenaria 50.0 21.1
Chamaenerionangustifolium 8.8 0.0
Cirsium arvense 9.1 2.7
Deschampsiaflexuosa 9.9 4.2
Galium saxatile 32.3 13.6
Holcusmollis 5.1 0.2
Hypochoeris radicata 21.3 9.4
Pinus contorta 6.4 0.0
Pinus sylvestris 8.5 0.0
Rosa pimpinellifolia 6.1 0.5
Rumex acetosella 18.4 4.6
Seneciojacobaea 27.7 3.9
Blex europaeus 23.9 1.6
Veronicaofficinalis 19.6 5.0
Viola tricolor 5.3 1.7
Vicia lathyroides/sativa 6.4 0.0

PreferentialSpeciesfor Site Type 10




SpeciesNames ST9 ST10

Agrostiscanina 6.8 26.1
Anagallistenella 0.1 6.0
Bellis perennis 4.4 24.3
Carex binervis 0.0 7.3
Carex echinata 0.8 14.3
Carex flacca 4.6 13.3
Carex nigra 10.0 24.4
Carex panicea 1.8 33.8
Carex pilulifera 1.9 5.6
Carex pulicaris 0.1 7.6
Cynosuruscristatus 1.8 9.2
Dactylorchisspp. 1.0 10.0
Drosera rotundifolia 0.0 9.8
Erica tetralix 8.2 36.4
Eriophorumangustifolium 0.5 17.0



-185-

Eriophorumvaginatum 0.1 5.1
Erodiumcicutariumagg. 0.3 5.0
Euphrasiaofficinalisagg. 5.6 23.9
Festucavivipara 0.0 6.8
Juncussquarrcsus 5.4 16.0
Leontodonautumnalis 4.6 10.7
Linumcatharticum 5.0 18.7
Moliniacaerulea 1.0 35.9
Myricagale 0.6 12.6
Nardusstricta 8.2 22.3
Nartheciumossifragum 0.1 11.7
Pedicularissylvatica 0.5 8.9
Plantagocoronopus 0.6 5.0
Plantagolanceolate 17.0 35.8
Plantagomaritima 2.8 15.3
Poa annua 2.6 6.8
Polygalaserpyllifolia 3.7 7.4
Polygalavulgaris 3.1 12.1
Potentillaerecta 22.6 50.6
Prunellavulgaris 4.4 20.7
Pteridiumaquilinum 4.2 10.1
Ranunculusacris 3.9 11.1
Selaginellaselaginoides 0.0 5.1
Sieglingiadecumbens 4.9 23.2
Succisapratensis 2.9 26.1
Thymusdrucei 11.9 34.9
Trichophorumcespitosum 0.0 15.7

Speciesthatare exclusiveto one typeor theotherareall relatively
unimportantas,withtheexceptionof Trichohorum ces itosum (15.7%
in ST10),theyall havefrequenciesof under 10%. Some of the low
frequencyexclusivesare, however, quite interesting,e.g. Pinus 
contorta (6.4%)and Pinuss lvestris (8.5%) both in ST9. The more
commonspeciespreferentialto ST9 are mostly indicativeof drier,
acidconditionsor disturbance- A ostistenuis, 62.2%.in ST9 and
19.6%in ST10,Carex arenaria (50.0% and 21.1%), Galium saxatile
(32.3%and 13.6%), H ochoeris radicata (21.3% and 9.4% , Rumex 
acetosella(18.4%and 4.6%),Senecio'acobaea(27.7% and 3.9%) and
Ulex europeeus (23.9% and 1.6%). In the opposite direction,
preferentialto ST10,are a seriesof speciesthatare indicativeof
wet,peatyconditions.Themostfrequent(20%or over) of these are
A rostis canina,26.1% in ST10 and 6.8% in 5T9, Carex nigra (24.4%and
10.0%),Carex panicea (33.8%and 1.8%), Erica tetralix (36.4% and
8.2%),Eu hrasiaofficinalisa . (23.9%and 5.6%), Molinia caerulea
(35.9% and 1.0 , Nardus stricta (22.3% and 4.9% and Succisa 
pratensis(26.1%and 2.9%).Otherbogspecieshave lower frequencies
but further reinforcethis interpretation.Indeed, very high
frequenciesarenot to be expected,as bog is onlya minority habitat
in otherwisesandysites with quite high levels of free calcium
carbonatein thesand.Several other species preferentialto ST10
indicatethemoregeneraloceanicconditionsor shell-richsandin the

. western sites, e.g. Bellis erennis,(24.3% and 4.4%), Linum 
catharticum.(18.7%and 5.0%),Plantao lanceolata(35.8%and 17.0%),
Prunellavul aris.(20.7%and 4.4%) and Thymus drucei (34.9% and
11.9%).

Thefinaldivisionin the site key (step 13, division 4/7) is
concernedwiththeseparationof sitesin whichthere is .a maritime
influence.In 5T12 - East Coast, truncatedtype (6 sites), the
maritimeinfluencetakestheformof instabilitynear to the sea,

I.

I.

I.

I.

I.
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leading to a preponderanceof.the less stable vegetationtypes D3, C
and B. The maritimeinfluence,in the case of 3T13 - East Coast, Firth
type (6 sites),takes the form of saltmarshincludedwithin the site
boundary(vegetationtypes 51, 32, 33, 34, 55 and F1). The negative
indicators for this division are Achillea millefolium (20%+),
Cam nula rotundifolia(20%+),Rumex obtusifolius(0%+)and Thalictrum
minus (0%+).The interpretationof these four species is not easy.
Thalictrumand Campanulausually imply the presence of rather acid
habitatsbut four out of six sites have beach sand with 10% or more
free calciumcarbonatein it. The same four out of the six sites also
includesome base-richdune grassland Dl. However, this does not
precludethere being acid parts to the sites. Rumex obtusifolius is
interpreted as being a sign of disturbance. Finally, Ach Ilea 
millefoliumis somethingof a mystery plant. It certainly favours
base-richas opposedto base-poorsubstrates,e.g. it has a frequency
of 66.0% in D1 as comparedwith 16.9%in D2, but it is also thought to
be related to freelydrainedhabitatswhere its drought resistance(it
is a very deep rootedspecies)may be important.It is a species that
may also be favouredby heavy grazingand trampling.Nevertheless,the
curiousbehaviourof Achilleamillefolium,present in some quadrats
and absent from other apparentlysimilar ones, and common in some
sites but rare in others,was noted throughoutthe survey. Even within
the six sites in ST12, its frequencyvaries from 23% at Cruden Bay to
93%at Arbroath. This is a species that clearly merits further
investigationin the coastalhabitat.Indicatorson the positive side
of the division (defining5T13) are all saltmarsh species - Armeria
maritima,Glaux maritima,Puccinellia maritima, Salicornia maritima
and Suaedamaritima,all at the lowest pseudo-species (0%+), and
Planta o maritima (20%+).The threshold value of +1 is not very
critical,i.e. it only needs 2 saltmarshspecies to give the necessary
score of +2 to allocatea site to 3T13.

The followingtable of preferentialspecies further illustrates the
differencesbetweenST12 and ST13.

PreferentialSpeciesfor Site Type 12

ST 12ST 13

44.3 4.4
24.3 10.5
34.6 13.1
8.4 0.0
39.4 2.1
21.9 1.1
25.6 10.0
6.4 0.3
6.1 0.0
44.9 7.9
11.2 4.6
11.2 2.0
13.3 3.9
7.6 3.2
66.9 32.3
5.1 0.0
25.2 5.3
24.4 4.8
9.7 3.6
10.8 4.9

SpeciesNames

Achilleamillefolium
Agropyronrepens
Arrhenatherumelatius
Briza media
Campanularotundifolia
Centaureanigra
Cirsium vulgare
Crepis capillaris
Cynosuruscristatus
Dactylisglomerata
Echium vulgare
Equisetumarvense
Euphrasiaofficinalisagg.
Filipendulaulmaria
Galium verum
Helictotrichonpratense
Heracleumsphondylium
Koeleriacristata
Lathyruspratensis
Linum catharticum
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Lolium perenne agg. 5.6 2.4
Luzula campestris/multiflora 5.4 0.0
Ononis repens 19.9 5.7
Phleum.bertolonii/pratense 7.8 0.0
Plantagolanceolata 54.6 20.1
Primula veris 7.1 0.0
Ranunculusrepens 11.0 3.8
Rumex acetosa 8.9 1.4
Rumex obtusifolius 5.5 0.0
Scabiosacolumbaria 5.2 0.0
Thalictrumminus 13.7 0.0
Torilis japonica 13.9 1.6
Tragopogonpratensis 6.2 0.4
Trifoliumrepens 38.1 14.3

PreferentialSpecies for Site Type 13





SpeciesNames ST12 ST 13




Aira caryophyllea 1.7 5.6




Armeriamaritima 0.0 26.3




Aster tripolium 0.0 9.2




Calluna vulgaris 0.0 5.5
• Carex extensa 0.0 5.7




Cerastiumatrovirens 6.8 22.7

14, dochleariaofficinalis 0.6 5.2




Fragariavesca 0.0 6.5




Geraniummolle 0.4 5.5




Glaux maritima 0.0 21.0




Juncus gerardii 0.6 9.6




Myosotisramosissima 1.5 11.2




Plantagomaritima 2.9 29.7




Puccinelliamaritima 0.0 18.1




Salicorniaspp. 0.0 12.4




Sedum acre 0.0 5.2




Spergulariamedia 0.0 10.3




Suaedamaritima 0.0 18.8




Teucriumscorodonia 1.9 6.0




Triglochinmaritima 0.0 6.8




Valerianellalocusta 0.0 5.4




Veronica arvensis 4.3 9.3




Veronicaofficinalis 3.4 8.8

In additionto the negative indicatorspecies that have already been
discussedabove, there is a long list of preferentialsfor ST12. Some
of these are tall grasses,e.g. A ro ron re ens, 24.3% in ST12 and

, 10.5% in ST13, and Arrhenatherumelatius (34.6% and 13.1%). Many other
preferentialsare, at least in part, a by-product of the different
balance between non-maritime and maritime habitats, i.e. 34% of
quadratsin 5T13 belong to the Saltmarshfamily as comparedwith none
in ST12. Preferentialspecies with a frequencyof 20% or more in ST12
are Centaureani a (21.9% and 1.1%), Cirsium vul re (25.6% and
10.0%),Dact lis lomerata (44.9% and 7.9%), Galiumverum (66.9% and
32.3%), Heracleums hond lium (25.2% and 5.3%), Koeleria cristata
(24.9% and 4.8%), Planta o lanceolata (54.6% and 20.1%) and Trifolium 
repens (38.1% and 14.3%). Species preferentialto ST13 are fewer in

I.

I.
I.
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number and includemany saltmarshspecies.Those not already discussed
in relationto the indicatorsare Aster tri lium, 9.2% in ST13 and
0.0% in ST12, Carexextensa(5.7%and 0.0%),Juncus erardii (9.6% and
0.6%) and S er laria media (10.3% and 0.0%). The only other
preferentialfor ST13 worthy of note is Cerastium atrovirens (32.7%
and 6.8%).

8.3.3 VegetationTypes

The relativemerits of derivingthe site classification from a data
summarizationusing speciesfrequency, as compared with one using
frequencyof vegetationtypes,have been discussedat some length in
Sections6.3 and 8.1. Becausethe final decisionwas to use species
frequency,this enablesthe proportionof vegetationwithin site types
to be used as a ready means of interpretation. Whilst both
classificationsare based on the same raw data, the classifications
themselvesare independentand this gives added validityto this means
of interpretation.

As the two "test"classificationsreferredto above were so similar,
it comes as no surprisethat there are characteristic differences in
the proportionof vegetationtypes in the various site types. The
proportionsof vegetationtypes are summarizedin Table 4. Across the
top of the table,the orderingof vegetationtypes is the same as for
Tables 2 and 3 (seeSection 7.7). On the lefthandside of the table,
the site types have•beenarrangedin approximateorder of the diagonal

--_of the first and secondaxis of a reciprocalaverage ordinationof the
site types (5T11and ST14 have been placed at the end because they do
not really fit anywhere).Within a site type, the sites are listed in

- order of their surveycode number. The first page of the table is
devoted to the negativeside of the classification hierarchy (ST1-8)
and the second page to the positiveside (ST9-14).The "blocking" of
vegetationtypes in particularsite types will be noted. The means for
a site type are given at the bottom of each type. The entry of a dot
(.) in the tablemeans a vegetationtype was absent and a plus sign
(+) means it was presentbut with a frequencyof less than 0.5%, i.e.
it could not be roundedup to 1.

Dealingnow with the generaldistributionof variousvegetation types
in the table,those types that are associatedwith the extreme coastal
zone are presentthroughout,e.g. ColonistC, Duneland D3 (and Bare
Ground B, if this can be deemed a vegetationtype). Semi-stable dune
grasslandD3 does, however,show a series of peaks in some of the site
types - ST1=4%,5T2=6%, ST4=5%, ST3=25% ST6=15%, ST5=6%, ST7=10%,
ST8=9%, ST12=51%,ST13=22%,ST10=7%and ST9=10%. Along with similar
figuresfor colonizingcommunitiesC, these two vegetationtypes give
a good idea of the proportionof active sand dune and instability in
the site types. Other less common vegetationtypes that depend on the
presence of specialized habitats, which are themselves largely
independentof the main trends in the site classifications, are also
widely spread in Table 4, e.g. ForeduneFl, and MarshlandM1 and M2.

By contrast,the really common vegetationtypes in the Duneland and
Grasslandfamilieshave quite distinctivedistributions.For example,
base-richdune grassland01 is mostly in the first half of the table,
with frequencies of ST1=52%, ST2=58%, ST4=52%, ST3=33%, ST6=45%,
ST5=40%,ST7=23%and 5T8=16%.In the second half of the table the
frequencyof D1 is much diminished- ST12=9%, ST13=2%, ST10=11% (a
western type) and ST9=1%. Damp, base-rich dune grassland D4, a
vegetationtype that is closelylinkedwith D1, shows a remarkably
similar distribution (lower absolute values because it is less
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common).SlightlyaciddunegrasslandD2 is the converseof D1, with
ST1=+, 5T2=+, 3T4=2%, ST3=10%, ST6=0%, 5T5=4%, 5T7=1%, 3T8=5%,
ST12=17%,ST13=20%,ST10=6%,and ST9=11%.Thesedistributionsclearly
reflectthe initialwestand north versus east split in the site
classificationand thistypeof geographicaldistributionhas already
beennotedfora numberof vegetationtypes(seeSection7).

Someof theGrasslandfamilyof vegetationtypesshowsimilartypes.of
distribution.Forexample,slightlyacid,dampgrasslandG1 alsohas a
westernand northerndistributionbut reachesitspeak in the lower
halfof thefirstpart of the table - ST1=13%, ST2=7%, ST4=14%,
3T3=7%,5T6=10%,3T5=15%,5T7=19%,3T8=28%,3T12=1%,3T13=0%,ST10=4%,
(westernagain)and3T9=1%. Wet, slightly acid dune grasslandD5
behavesin a similarmannerto G1. Acid, dry grasslandG3 is the
converseof G1, beingmostfrequentin thesecondpartof the table -
ST1=+, ST2=0%, ST4=1%, ST3=1%, 5T6=4%, ST5=2%, ST7=0%, 5T8=5%,
5T12=1%,ST13=6%,ST10=12%and ST9=53%.

Hostof the othervegetationtypesare eithertoo rare to draw any
firmconclusionor theyare limitedto justa few site types where
theyoccurwithhighfrequencies.A good example of this type is
transitionalpeatbogP1,whichis commonin ST5 (7%),ST7 (10%) and
3T8 (5%),on thenegativesideof thehierarchy,and again in 3T10
(18%)on the positiveside.Wet peatbog P2 is even more extreme,
beingvirtuallylimitedto 3T10 (14%).The Saltmarshfamily tends to
be fairlywell scatteredover the table (particularlythe common upper
saltmarsh34) but3T13- EastCoast,Firth type, contains a marked
concentration.(31=13%,32=3%, 33=4%, 34=9% and 35=1%). Slightly acid,
wet grasslandG6 is mainlyassociatedwithone sitetype,ST1,with7%
,Sandto a lesser extentwith 3T5=4%).This vegetationtype is strongly
linkedwith the presenceof water bodies (loch, marsh, stream or
drainagechannel)in the site. Finally,very acid, damp grasslandG4
is limitedto justone sitetype,5T9,with3%of quadrats.

The relativeproportionsof the differentvegetation types within a
site constitutesquitea good,simplesummaryfor thatsite- a sort
of "vegetativeprofile".In this context,it is revealing to compare
the individualsite profilewith the type profile,i.e. the means for
the site type. From this it is possibleto assess the typicalityof a
site within the site type to which it has been allocated.For example,
Achnahairdcan be immediatelyidentifiedas the "odd man out" in ST1
through the observationthat it only has 15%of D1 (comparedwith a
meanfor the typeof 52%).Thenature of the deviation can also be
judged from the type and proportionof the vegetationtypes that make
up the difference.In the case of Achnahaird, there is 11% of P1 (mean
1%), 22%of GI (mean13%),15%of 34 (mean3%)and 7% of SI (mean1%).
Stilligarry(North)is anotheranomoloussite in 5T1 and its character
can also be judged from its vegetationtype profile.Similarlyin 3T9,
Strathbegmay be pickedout as beinga ratheroddsiteby having only
5%ofG3 (mean53%),thedifferencebeingmade up over a number of
vegetationtypes but particularlyD1 with 14% (mean 1%), C with 22%
(mean8%) and M2 with 19% (mean 4%). Spey Bay (West) is another site
that differssomewhatfrom the profile for 3T9, with an above average
amount of M2, whereas Spey Bay (East) can be seen as a rather
monotonousmember of 3T9, with 83% of .G3 and little else. The
relationshipbetweensiteand vegetationtypeswill be discussedin
moredetailin theSiteTypeDescriptions(Section8.4).

1

I.
1
I.

1
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8.3.4 Site Boundaries

Some of the problems arising from the definition of the site

boundarieshave been discussedin Section 5.2. The questionremainsas
to how far the boundariesaffect the classificationof the sites. As a
broad generalization,the early stages of the site classificationseem
to be determinedby climateand other geographically linked factors,
e:g. sand type and land-use,but it is suspected that some of the
lower divisions might have been slightly different if the site
boundaries could have included the whole area of blown sand.
Similarly,the boundariesof other sites have strayed beyond the
limits of the blown sand and this has undoubtedlyhad some effect on
the lower levels of division in the site classification. It is
possible to investigatethe effectsof site boundaryby:

excludingselectedquadrats from the analysis, i.e. those
samples that show no evidenceof being on blown sand; and
re-surveyingsites to include the full extentof blown sand.

It would then be necessaryto re-classifyon the basis of the revised
data. The first of the data modifications,exclusion of quadrats not

on blown sand, is quite feasible (the soil data can supply that
information- see Handbookof Field Methods)but the second,surveying
the full extent of the sand, would be not only time consumingbut, in
many cases, would be near impossible.In a high proportion of sites
where the full extent of blown sand has not been sampled there are
good reasons.Often parts of the site are under a golf course or

forestryplantation,in which case some relics of the original
semi-naturalvegetationmay remain,but in other cases it has been

totally destroyed by intensive agriculture or industrial development.
In the light of these arguments,there is little alternative but to
accept the boundariesof the sites as they have been defined.In most

cases the site is the practical unit with which conservation is

concernedand some "artificial",i.e. non-ecological,effects on the
site classificationmust be accepted. It is, however, useful to
considerwhich sites and site types have been most affected and in
what way.

The site types with truncateddune systemsare obvious candidates for
investigation.5T3 - North and West Coast, truncated type, is a
collectionof sites from west and north facing coasts, with a wide
geographicalspread. In most cases, part of the dune system was not

surveyed:Machrihanishcontainsan airfieldand golf course;at Sanna
the landwardboundaryis the road and not the limit of blown sand; at
Calgary 17% of quadratswere lost throughbeing on cultivated ground
and most of the landwardpart was disturbedby agriculture; at Reay
there is a golf courseon most of the site; and at Fraserburgh the
landwardparts are cut off by the railwayand have been convertedinto
a golf courseor are intensivelyused for agriculture.However,in the
case of KilchomanDunes on Islay and Freswickin Caithness,as far as
can be judged from the maps, the sites contain all the blown sand.
These two sites seem to have been includedin an otherwise truncated
site type because they have remainedrather immature, i.e. unstable,
with 80% or more of the vegetationin the Dunelandfamily (see Table
4)

A similar picture emergeson examiningST12 - East Coast, truncated
type. Several of these Sites have lost their hinterlandbut a few are
completein terms of the blown sand complementand, again, this has
remainedimmature,e.g. St Fergus and Arbroath.The others have had
their blown sand areas used for agriculture or converted to golf
courses.
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The East Coast, Firth type (ST13) is interestingbecause of the nature
of the truncation.In the northernMoray Firth group,sites tend to be
limitedin depth by spit development,althougha large proportion of
the area of blown sand at Culbin is now under forest. Golf courses
have taken parts of the sites located on the Firth of Forth, leaving
only a narrow dune area or making this habitat a higher proportion of
the site. Is
One can speculatethat had the area of blown sand to the north of the
site at Sandwoodbeen includedin the area surveyed, the site might
have been classifiedwith Bettyhillin 3T8 rather than ST10. The area
to the north of the existingsite has sand blown up on to the hill and
this area containspopulationsof Dryas octopetalaand other montane
species growing close to sea level, thus making it topographically

111similar to Bettyhill.

The sites and site types that could have been modifiedby the choice
of site.boundaryare in the minorityin relationto the total of 94
sites. In general,the boundaries have been satisfactory for the
majority of sites and only very few sites are suspectedof having been
biased in their allocationto a site type, i.e. they would be a better
fit in an alternativetype. Should the need arise, additional areas
could be surveyedand the site re-classifiedusing the existing site
key. In the majorityof cases, the boundaryis the most practical and
realisticone from a nature conservationview-pointand informationon
industrialsites,airfieldsand golf courses is not relevant.

:Am
JEs-

±t 8.3.5 Landforms

1/0

The influence of landform on the vegetation is most clearly
demonstratedin the case of 5T11 and ST14. Each of these site types
comprisesa single site. In the case of 5T11, Tong is situated
exclusivelyon inter-tidal flats which support little more than
saltmarshvegetationtypes. 3T14, Spey Bay (Central),has developedon
river deposited shingles and is frequently disturbed by spate
conditions.Neithersite is like any other in the sample of 94.
Saltmarsh,which always occupiesa characteristiclandform,also plays
an importantpart in the determinationof ST13 - East Coast, Firth
type. Curiously,the active saltmarsh development at Morrich More
(ST10)has not been important in the classification of this site and

the acidic hinterland,which is atypicalof the rather truncated or -
immatureST13, has proved to be dominantin the analysis, presumably-
because the species associated with this habitat are numerically
dominant in the site data.

Elsewherethe picture is not so clear. In 5T1 - West Coast, Hebridean,
Machair type, the junctionbetween the blown sand and the "blackland"
is usuallymarked by lochs and marshes which are not present in ST2.
Nevertheless,it is believedthat other factors,such as land-use,may
be at least as importantin separating.the two site types. There is no
informationin the data collectedthat can be used to investigate the
subtletiesof the effects of raised beach deposits, or how adjacent
cliffed coast affects a site. The sites on the raised shingle beaches
around the Moray Firth have been allocatedto 5T9 - East Coast, Main
type, but so have many other sites further south on the east coast.
Raised beaches and "fossil"cliffs are found further south but not
shingle beaches.The lack of active dune formation in ST1 and the
presenceof spits in ST13 seem to have influenced the types of
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vegetationfound there,and,;.hence,have playeda role in determining
the site classification.It is not evidentin the rest of the site
classificationthat landformhas had any specialeffect that can be
singledout for attention.There remains,however,the general effects.
of landformon such factors as the distribution of blown sand,
pedogenesis,drainage,local modificationof climate, e.g. shelter,
and land-use.

8.3.6 Climate

Many data concernedwith climaticfactorswere extractedand examined
in an investigationof the relationshipsbetweenclimateand the site
classification.Most of thesewere simple averages for the various
sites and, as such, were not easily interpreted. More sophisticated
analysisof these data has not been attempted to date. The three
volumesof "The Assessmentof ClimaticConditionsin Scotland" (Birse
and Dry, 1970;Birse and Robertson,1970; Birse, 1971) have proved
most useful, as they bring togethervarious measures of climate as
compositevariables.The climaticfactors that have been used in these
publicationshave been deliberatelychosen to relate to plant growth
but are obviouslyimportantin virtuallyall biologicalactivity.They
are also relevantto soil development.The maps published with the
books have been used to locate the 94 sites in relation to climatic
regimes-displayedon them.

The first map depicts the distributionof accumulatedtemperature and
potentialwater deficit.The thresholdfor the integrated temperature
is 5.6 degreesC, which is approximately the temperature at which
plant growth commences.The map thus plots two essential factors for
plant growth,warmth and moisturecombined.Certain general features
are noteworthyin relationto the coastal survey. The south-western
coast is shown as warm and moist, whilst the north-western coast is
wet and cooler.Shetlandis moist and cool and Orkney is fairly warm
and somewhatdrier.Most of the east coast is fairly warm and dry,
with the shores of the Moray Firth and Firth of Forth being the
warmest and driest.

The map in the second volume is concerned with exposure and
accumulatedfrost. Exposureis based on five categoriesof wind speed
and accumulatedfrost is derived in a similar way to accumulated
temperature,except that the degreesof frost are accumulatedbelow a
thresholdof 0 degreesC. The very exposed coasts of the Hebridean
Islands,the west and northmainlandand the Northern Isles contrast
with more shelteredeast coast sites. This division corresponds well
with the first divisionof the site classification.All the coasts of
Scotland,as opposedto furtherinland,are subject to mild winters
with less than 20 day degreesC of frost.

The third map in the series is an attempt to draw up a scheme of
bio-climaticsub-regionsfor Scotland.If the climaticfactorson the
first two maps are combined,they give quite a useful assessment of
climateon a local basis.However,the thirdmap has been prepared to
give a broader view and eliminatethe local effects.This map has.been
constructedin terms of: 1. thermalzonationfrom north to south and
from low to high altitude;2. oceanicity, taking into account the
influenceof large areas of sea; and 3. a measure of moisture status
based on Penman'sformulafor evapotranspiration.
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The firstdivisionof the siteclassificationseparatesmost of the
siteson thewestand northcoastsfromthoseon the eastcoast, from
theMorayFirthsouthwards.Thereis a remarkablecoincidencebetween
thisdivisionand theOceanicitysub-sectorsof Birse(1971).Thewest
and northcoastsand the Northern Isles are in sub-sector01 -
Hyperoceanic.Fraserburghon the eastcoastalsofallsin thissector,
as doespartof MorrichMore.The eastcoastsites, on the positive
sideof the firstdivision of the site classification,fall into
sub-sector02 - Euoceanic.Althoughthesesub-sectorsare derivedfrom
a combinationof climaticfactors,one of the more importantones
seems to be temperature.The Oceanicitysub-sectorshave been
establishedon "thermal criteria alone" (Birse, 1971). The
Hyperoceanicsub-sectorhaslessthan50 day degreesC of accumulated
frostand Euoceanicbetween50 and 110.

Dealingnow withthe eightsitesthat apparentlyconflict with the
aboveclimatictrends,Tongon Lewisis sucha peculiarsite that no
realconclusioncan be drawn.As the dominantenvironmentalfactor in
saltmarshis periodicinundationby saltwater,it is likelythat this
typeof siterespondslessto general climate than do other more
"terrestrial"sites.It has alreadybeenargued that 5T11 initially
cohabitswiththe easterntypesbecauseof the predominantsaltmarsh
influence.Sixof theremainingsitesareallocatedto ST10 - West
Coast,acid,dwarfshrubtype,alongwithMorrich More on the east
coast.Thisis consideredto be a fundamentallywesternsitetype, in
whichtheinclusionor developmentof peatyhabitats within what is
otherwisea fairlytypicalwesternsite,i.e.if thepeaty vegetation
typeswereignoredthe sitewouldmove to the negative side of the

Ja= classification,is the crucial factor. In this context, it is
aif.interestingto notethatMorrichMore is justwithinthe Hyperoceanic
tt (01)sub-sector,i.e.the sameas thewestern members of ST10. The
13 remainingwesternsitethathas beenallocatedto theeasterngroupis

TorrsWarren.Thissiteis a memberof ST9 - EastCoast,Maintype,in
whichit is quitecomformable.This is probablyan example in which
the effectof sandtype (thereis virtuallyno freecalcium carbonate
in the sandat TorrsWarren= 0.1%)has overriddenthatof climate.

As was discussedearlier(Section8.2),Fraserburghon the coast of
the Buchandistrictis includedin theHyperoceanicsub-sebtor(01).
The boundarybetweenthe two sub-sectorsjustclipsthe coastin this
region.It includesFraserburgbbutnot the coastto the south where
Strathbegand St Fergusare located.However,the effectof climateis
confoundedby thatof sandtypebecausethere are raised levels of
freecalcium carbonatein the sites in this area. The overall
conclusion is that sand type is probably more important in determining

the affinitiesof thesitesin thisinstance.

Subsequentdivisionsof the site classificationdo not show any
clear-cutrelationshipswith the climate data available.It is
temptingto suggestthatthe 14 siteson the positivesideof division
2/1are possiblylinkedto a moreborealclimateassociatedwith the
proximityof themountainsin Sutherland.However, all these sites
containareasof peatwhichcan be explainedin terms of more local
factors,e.g.the positionof the siteboundaryand landform.

8.3.7 Land-use

The firstdivisionof thesiteclassification,besidesreflectingthe
climatictrendsaroundtheScottish coast, also approximatesto a
majordifferencein land-use.This is the differencebetween the
traditionalcroftingsystemto be foundin theHebridesand on north
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and west coasts,and more conventional agriculture and recreational
uses on the east coast.

On the Outer Hebrides,the differentiationof the two main site types,
ST1 - West Coast,Hebridean,Machair type (with 13 sites) and 5T2 -
West Coast, Hebridean,dune type (with20 sites), is thought to be
due, at least in part, to differences in the crofting system as
practisedon North and South Uist (withST1) as comparedwith that on
the rest of the islands (with5T2). In ST1, signs of recent or old
cultivationwas recordedfrom 25.2% of quadrats and this may be
comparedwith 5.1% in ST2. Similarly,the number of quadratsthat had
to be abandonedin the courseof the survey becausethey were located
in a standingcrop of some type, i.e. that might be damaged by survey,
was 245 quadratsin the 14 sites in ST1 or a mean of 17.5quadrats per
site. Equivalentfiguresfor 5T2 (20 sites) are 37 quadrats or 1.9
quadratsper site. There are also less marked differences in sheep
grazing betweenthe two types, 22.7%in ST1 and 48.5% in 5T2, i.e.

more than twice as much. Recordsfor cattle (66.9% and' 54.2%) and
rabbit (56.5%and 54.2%)are more closely similarbut the estimatesof
grazingintensityshow that there is greater pressurefrom this factor
in ST2 (45.7%moderatelyor heavilygrazed as comparedWith 35.1% in
ST1).

The land within the Hebrideansites is held in common by the crofters
in a given township.Similararrangementsapply to sites on the west
and north coastsof the mainland,where there is common grazingand a
rotationof areas that are broughtinto periodiccultivation,but not
in quite the same way or to the same extent as on the Outer Hebrides.
The traditional system has declined even further on Orkney and
Shetland, where areas of common have been divided between the crofters

and fenced to controlstock.The result is an agriculturalsystem that
is more akin to modern farmingthan to crofting.

By contrast,on the east coast the farmers take what land can
profitablybe used into the farmingsystem fencing out the delicate
mobile dunes,which are left untended,but may be used for casual
grazingor recreation.

This divisioninto farmingon east coast and croftingin the north and
west of Scotlandcloselyfollows the major divisions of the site
classificationand the climatematches both. It seems reasonable to
assume that climatehas the more dominant role in determining the
vegetationand that the type of agricultural practice has also
developedin responseto the climate.However,sand type is certainly
an importantadditionalfactor,with the base-rich,shell sand in the
west and north and the mainly siliceoussands in the east, i.e. the
same distributionas climateand farming.The fact that shell sands
are inherentlymore fertilemay have an important bearing on the
traditionalland-uses.Subsequently,this patternhas been modified by
socialand economicfactors,particularlyin recent times.

Other uses to which dune systemsare put do not seem to have had much
effect on the site classification. Car parks, caravan and camping
sites and other intensiverecreationaluses have a detrimental effect
on the vegetationgenerally.Where the dunes have been taken over for
ball games, e.g. footballpitches, the semi-na6ral vegetation has
often been replacedwith an even more artificial, seeded turf. Golf
courseswere excludedfrom the survey,but large areas of semi-natural
vegetationare left in the rough.andfairways.If it had been possible
to sample golf courses, one would expect them to fit into the
classificationreasonablywell. In some cases, e.g. Cruden Bay, the
exclusionof the golf coursereducedthe site to the seaward dunes
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only.In thisrespect,the presenceof a golfcoursemay havemodified
the siteclassification,givingrise,for example,to ST12 which is

11,largelycomposedof truncatedsites.

In general, forestry plantationswere excluded from the survey.
However,somesmallareasunderthisland-use were included (mainly
sitessurveyedin thefirstyear).Thegroundfloraof these samples
seemsto haveretainedits essentialfeatures,despitethe imposition
of a canopyof mainlyconiferoustrees,so thesiteclassificationis
not apparentlydeflected.

It has not beenpossible to determineany influenceon the site
classificationdue to a site,or part thereof, being used by the
Ministryof Defenceas a rangeor trainingarea.TorrsWarrenhas been
a rangesincethelate 1930'sand had apparentlynot beenburntduring
thatperiod(parthas beenburntsincethe survey).As a result, the

111heatheron thissitewas up to a metrehigh.If a differentuse had
beenmadeof thesite,e.g.trooptraining,it mighthave been burnt
more frequently.A riflerangeon theDon to Ytham coast had been
burntby a flareusedon an exerciseshortlybeforeit was surveyed.
However,it was sucha smallburntareain relationto the restof the
sitethattheeffectwas not detectable.

landingstripbut thereare no obviousdifferencesin the vegetation
due to thisuse and theirpresenceis not thought to have had any
effecton the siteclassification.

.. In conclusion,themajoreffectof land-useon the siteclassification
wouldseemto be a negativeone,i.e.it is not theeffectof land-use
on the samplesthatwererecorded that matters but the fact that
land-useaffectedwhatwas actuallysampled.As alreadynoted,certain
land-usesdisbarredareasfrominclusionwithinthe site, e.g. golf

lipcourses,forestryplantations,most enclosed agriculturalland and
industrialdevelopments.Themost seriouseffectsof these exclusions
are felton the eastcoastwherethere is a tendency for all the
"useful"landto be takenup for otherpurposes,leavingonlythe less
stableduneareas.In fact,manysiteswerenot evenincluded in the
surveybecauseof thiseffect,i.e.therewas too little semi-natural
habitatlefttomakeit worthsurveying.Themostnotablearea, where
thereis soft coast but there are no sites in the survey, is
south-westScotland.In Ayrshire,all the soft coast seems to be
occupiedby golfcoursesthatextendrightup to the coast, so that
thereis not evena fringeof semi-naturalvegetationleft.

In caseswherepartof a sitehad to be excludeddue to land-use,the
effectis usually selective,reducing the proportionof certain
habitatsand increasingtheapparentfrequencyof others,i.e.a bias
is introduced.On thewestand northcoasts,wherethe sitesare more
or lessintactand coverthe fullextentof blownsand, the bias is
minimal.However,theabandonmentof quadratsdue to the presenceof a
standingcropmay havehad an effectin somecases(seeST1above).By
contrast,on the eastcoast,land-usemay introducea serious bias.
Tentsmuir,witha totalareaof blownsandabout twice as large as
thatsurveyed,is a goodexampleof whatcan happen.Half thesitehas
beenexcludedbecauseit is under forestry plantationand it is
impossibleto knowif thisis a moreor lessrandomlossor whetherit
is selective.Fortunately,at Tentsmuir,there were strips of land
runningintothehinterlandthatwereunderagriculturebut could be
surveyed(largepaddocksof roughgrazing).Had theseareas not been
includedwithinthesite,Tentsmuirwouldprobablyhavebeenallocated
to 5T12 - East Coast, truncatedtype, whereas it was actually
allocatedto ST9 - EastCoast,Main type, where it conforms quite

lip
A few sites,bothon thewestand east coasts, contain an aircraft
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8.3.8 Soil Types

The interpretationof the site classificationin terms of the soil
types, follows the same lines as that for the vegetation
classification.Detailsof the soil classification,with 33 types and
seriesakin to the vegetationtype families,e.g. Deep Sandy Soils,
Peaty Soils,etc., are given in Section 9. Table 5 (analogousto Table
4) shows the proportionof soil types by site and site types.Ordering
of the soil types across the top of the table is again approximately
accordingto the diagonalbetweenthe first and second axes of an
ordinationof soil types (NS means not sampled).Sites and sites types
are in the same order as for Table 4. The first page of the table is
devotedto ST1-8 and the second page to 5T9-14.

The overalldistributionof soil types shows many of the general
featureswhich were discussedin relationto the vegetationtypes. For
example,the very commonDeep Sandy Soil, Ds6 (with 1109 quadrats,
29.6%), has a fairly well marked west and north versus east
distribution:ST1=42%,ST2=45%,sT4=53%, 5T3=28%,sT6=14%,sT5=31%,
sT7=14%,sT8=21% (end of negative side of site classification),
ST12=7%,sT13=22%,sT10=15%and ST9=17%.The other common Deep Sandy
Soil, Ds5 (with811quadratsor 21.6%),is more generally distributed
but with slightlyincreasedlevels in the positiveside of the site
classification:ST1=15%,sT2=14%,8T4 =22%,sT3=33%,sT6=21%,ST5=17%,
3T7=13%,sT8=10%,sT12=56%,sT13=21%,sTio=20%and sT9=30%.Some site
typesare characterizedby PeatySoils, e.g. ST7 (P31=1%,P32=10%,
P53=3%,P54=7%and PS5=10%,or a total of 31%) and STIO (PS1=2%,
P52=4%, P53=1%,P54=9%and P35=5%,or a total of 21%).
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8.4 Site Type Descriptions

The followingsection containssite type descriptionsfor each of the
fourteensite types. Each descriptionstarts on a new righthand page
with a map of site distributionon the opposite (lefthand) page. The
first part of the descriptiontakes the form of a table listing the
site names (and surveynumbers)along with the geographicalregion in
which they occur and their area (ha).This table also serves as a key
to the map where only the site numbers are shown.

The table is followedby a series of standardheadings covering such
mattersas a generaltype description,relationship with other site
types, vegetation types, vascular plants, cover, landforms, soil
types,site boundariesand land-use.The first of these sub-sections-
General Descriptionand Relationshipwith other Site Types - attempts
to characterizethe site type being describedaccording to its most
salientfeaturesas well as comparingand contrasting it with other
site types. The probableunderlyingcauses of the differences between
site types are also discussed under this heading. Some of the
informationin this openingsub-sectionis given in more detail under
the specificheadings.Wherever possible, comparisons between site
types are retrospective,i.e. a given site type is compared and
contrastedwith ones that have already been described, but this has
not been possiblein all cases.Some attempt has also been made to
draw attentionto and illustrateby example the range of variation
within a site type. Sites which are extremein some feature,e.g. the
relativeproportionof vegetationor soil types which they contain,
have usually been mentionedin context.

Finally,for furtherinformationon vegetationtypes within site types
referenceshould be made to Table 4 (Section8.3.3)and for soil types
to Table 5 (Section8.3.8).Tables listing preferential species for
most of the inter-typecomparisonsare given in Section 8.3.2 and the
indicatorspecieswhich define the types can be found in the site type
key (Section8.6).
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8.4.1 Site Type 1

Name - West Coast, Hebridean,Machair type

List of Sites in ST1

Site no. & name Geographicalregion
•

Size (ha)

21 Daliburgh




Barra & Uists 512
22 Ormiclate




Barra & Uists 448
23 Howbeg




Barra & Uists 60
24 Stilligarry(North) Barra & Uists 288
25 Loch Bee




Barra & Uists 752
26 Borve




' Barra & Uists 160
27 Stilligary(South) Barra & Uists 547
28 Baleshare




Barra & Uists 512
31 Paible




Barra & Uists 256 '
32 Hosta




Barra & Uists 192
34 Leathann




Barra & Uists 432
35 Balranald




Barra & Uists 524
52 Achnahaird




Wester Ross 80

General Description and Relationship with other Site Types

This type has 13 sites (13.8%)allocatedit, with a mean area of 366ha
and a range of 60-752ha.The type is characterizedby having a narrow
strip of Ammophila dune at the seawardedge. This is backed by a broad
zone of short, herbaceous communities (the machair), eventually
grading into wetter land at or near the inland boundary.The type is
stronglyassociatedwith the crofting system as practiced on the
Uists, on which islandsall but one of the sites (Achnahaird on the
north-westernmainland)are located.ST1 is one of the best examples
of a site type with a discrete geographical distribution. Periodic
cultivationis an importantinfluence(see below) and this factor is
evidencedby an unusuallyhigh proportionof "weed" species in the
flora, e.g. Avena spp., Erodiumcicutarium,Geranium molle, Myosotis
arvensis,Planta o ma or, S ina rocumbens, Stellaria media and
Veronicaarvensis (see also 8.3.2, step 8). As the name for the type
suggests,ST1 is most similar to ST2 and the difference between the
two types are discussed in the description of the latter. Other
closely related site types are 5T4 - NorthernIsles type, and 5T3 -
North and West coast, truncatedtype, and these relationships will
also be discussedin context.

VegetationTypes

The most important vegetation types in ST1 are base-rich dune
grasslandD1, with a mean frequencyin the type of 52% of quadrats,
and slightlyacid, damp grasslandG1 (13%).These two types form the
main vegetationon the machair plain. Other quite common vegetation
types are damp, base-richdune grasslandD4 (8%), slightly acid, wet
grassland 06 (7%) and semi-stable dune grassland D3 (4%). The
proportionof a given vegetationtype varies a good deal from site to
site (see Table 4). In the case of D1, the range is from 81% in Borve
to 15% at Achnahaird.For ST1, there seems to be a varying balance in
terms of quantity between D1, G1 and D4 and this is entirely
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consistentwith the supposedsuccessionalrelationshipsof these
vegetationtypes(seeSections7.4.3and 7.4.4and Figure 3). D4 is
foundin'thewetterpartsof themachairplainand the area occupied
by thishabitatis somewhatvariable,e.g.27%at Baleshareand 0% at
Daliburgh,HowbegandAchnahaird.Slightlyacid,wet grasslandG6 is
foundfringingwet areasfurther inland on the sites. It usually
occursin associationwithsomedefinitefeaturessuch as a marsh,
streamor loch.Theproportionof semi-stabledunegrasslandD3 (mean
4%)in thedifferentsitesisalsorathervariable,occupying 19% of
the siteat Paible but not being recordedat all at Daliburgh,
Stilligarry(North)andBorve.Allothervegetationtypesoccurwitha•
frequencyof less than 4% but even these can be importantin
particularsites,e.g.P1 (mean1%)butwith 11% at Achnahaird,.M2
(mean3%)butwith 11%at Ormiclateand Balranaldand 54 (mean3%)but
with 13%at Paibleand 15%at Achnahaird.It is evidentfromtheabove
discussion,that Achnahaird,the only mainland site, is rather
atypicalof ST1,withonly 15%of D1 butwithcompensatingamounts of
P1 (11%),S4 (15%)and31 (7%).It does,however,contain the "core"
vegetationtypesthatdefine3T1. Ordinationdiagrams confirm that
Achnahairdis an extremeexampleof itstype.

VascularPlants

ST1 is relativelyspecies-rich,with a mean of 23.2 species per
quadrat.A totalof 35 species have a frequencyof 20% or more,
Festucarubra (82.2%),Trifoliumrepens(81.9%),Plantao lanceolata
(76.7%)and Bellis erennis (75.4%) being most common. Ammophila 
arenariahas a frequencyof only28.4%,reflectingthe low proportion
On activedunein thesesitesbut,at Leathann,it doesoccur in 74%
of quadrats.Thisrathermore active site can be contrastedwith
Balranaldwithonly9% of Ammophila.The frequencyof the commoner
speciesis fairlyuniformwithinthe typebut thatfor thedisturbance
species,associatedwiththeagriculturalactivity,is quitevariable,
e.g.Veronicaarvensis (0-51%,mean 20.1%),M osotis arvensis (0-44%,
mean 19.8%),Geraniummolle (3-43%,mean 17.9%)and Sa ina rocumbens
(0-40%,mean 16.6%).The onlysitethatcanbe picked out as being'
ratherdifferentin termsof speciesfrequency,is,again,Achnahaird.
A number of relicsfromcultivation,such as cereals and Brassica 
species,werealsoquitecommonlyrecordedin ST1.

CoverTypes

Vascularplantswere recordedin a mean of 98.5% of quadrats with a
mean coverof 87.8%.Themostimportantspeciescontributingto this
coverare Festucarubra (17.3%),Trifoliumre ens (6.4%), Agrostis 
stolonifera (4.6%), Bellis erennis (3.6%), Potentilla anserina
(3.6%),Ammohilaarenaria(3.5%,despiteoccurringin only 28.4% of
quadrats)and Carex nigra (3.2%).Ammophilaachievesits highest cover
at Paible(11%)and Leathann(9%) but can be as low as 0.5% at
Balranald.Bryophytesoccur in 83.1% of quadratswith mean cover of
8.8%and equivalentfiguresforlichensare 13.8%and 0.1%. The most
importantnon-livingcovercategoryis baresand,in 49.3%'ofquadrats

I and with.meancoverof 9.5%. Freshwaterwas recorded in 7.2% of
quadratswitha meancoverof 1.1%,thisreflectingthewetter inland
areathatis includedin mostsites.

I.

11.
I.
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I.



1
4

1

,1
1

II

1

-200-

Landforms
. fl

The general form of the sites that comprise5T1 is a gently undulating

coastalsandy plain extendinginland to the peatlandbeyond.There may
be a coastaldune, but it is not always present,and there is often a

marsh or small loch at the junctionbetween the sand and peat.

The generalaspect of the sites, i.e. as measured from the map, shows

that 75.3%of quadratsface west. However,in terms of local aspect,
i.e. that measuredon the ground, it appears that 63.8% of quadrats
face either east or west. This is interpreted as meaning that the
sites consistof low ridges runningmainly north-southon a generally

west facing slope.General aspect is determined by measurements of
contourson the 6 inch map but the sites in ST1 have such low relief

in relationto the contourintervalas shown on the map that moSt
samplesare interpretedas facing the sea which nearly always lies to

the west. Local aspect is that measuredon the ground at the sample
point using a compassand therefore reflects the topography at a

smaller scale (not quite micro-topography but more like
"meso-topography").Most of the ground surface is plane (59.6%) or
simpleundulating(26.5%)and slopes are similar,with 50.2% under 1
degree and 42.0% in the 1-5 degree category.These figuresreflect the

relativelyflat machair plain that occupiesa high proportion of the
area in most sites. As might be expected, the sites in ST1 are
extremelylow-lying,with 93.7% of their area under the 50ft contour
and no quadratsover 150ft.Only Hosta (34.4%),Leathann (14.3%) and
Achnahaird(33.3%)containland over 50ft OD. The sitesmostly extend
a long way inland,with an average of 1.2% of quadrats being 1500m+

from the sea and with 4.0% in the 1000-1500mzone. Howbeg and Borve
are the "shallowest"sites,with no quadratsfurther than 600m from
HWMST.Most quadratsare locatedwithin 600m of the shore (83.5%) and
the modal distanceis 200-400m (22.2%).

Soil Types
•

The majorityof soils in ST1 belong to the Deep Sandy Soil series. DS6

was recordedin 42% of quadratsand the similar, but drier, DS5 in
15%. Other Deep Sandy Soils, DS3 (3%),DS4 (3%) and DS7 (8%),are also

present,giving total of 71% in this series.There is another quite
importantcontributionfrom the Peaty Soils, PS1 (+) P52 (2%), P33

(7%), P54 (2%) and P35 (1%),giving a total ot 12%. The peaty soils
occur mostly near the inland boundaryof sites, near to or beyond the
limitsof blown sand. The only other soil type contributingover 5% is
Ts9 (6%).This "soil"type is characterizedby having the water table
at or near to the surfaceat the time of sampling.Most of the soils
in this type are, in fact, peaty and this is particularlytrue in the
case of ST1 in which most examplesoccur in the more landwardpart of
the sites.Other soil types which are present in just a few sites

includethe Beach Deposits,the Sandy Cobble Soils and most of the
Thin Soil series,althoughonly TS1 (3%) has a mean for the type of

over 1%. Stilligarry.(North),with 21% of TS1 (a highly organic or
peat soil with high water table, 20-40cm),is worthy of note.

The balanceof soil types in ST1 is quite varied, the biggest contrast
being betweensites that have predominantlysandy soils and those that
containquite a high proportionof peaty types.The most sandy sites
are Borve,with 93%of soils in the Deep Sandy series and no peaty
soils, and Leathann,with 94%of DS types and only 6% peaty (all Ts9).
At the other extreme,Loch Bee has only 41% of soils in the DS series,
nearly all the remainderbeing peaty to some degree. Achnahaird is
also quite peaty,with 62% of soils in the DS seriesand 33% in the PS
series.
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Boundaries

In general,the boundariesof the sites in ST1 are formed by natural
rather than man-madefeatures.Thus in South Uist, the sites extend
inland to the "blackland".Laterally, however, they are subdivided
rather arbitrarilyby roads and other artificial features. Further
north, and particularlyin North Uist, the sites tend to be defined by
other features.For example,Borve is bounded on the landward side by
a tarmac road, which separatesthe site from the damp pastures around
Loch Borve. Other sites are confinedon the landward side by enclosed
croftland,which usually occurs somewherenear the junction between
the sand and the peaty "blackland". Achnahaird, on the mainland,
followsa similar pattern of coastalsand backingon to peat covered
land away from the sea, except that the site is bounded to the east by
a shallow river estuary,hence the contribution from the Saltmarsh
family of vegetationtypes.

Land-use

The sites in ST1 are heavily influenced by the crofting system of
agricultureas practicedin the Outer Hebrides.An average of 27.1% of
quadratsshowed some signs of cultivation(4.9%recent and 22.2% old).
In addition,a mean of 17.5 quadratsper site had to be abandoned
because they were under active cultivationat the time of survey, i.e.
there was a standingcrop that would have been damaged by survey
activities.Other featuresthat give an insight into the agricultural
regime are the grazing records - horse (1.6%), cattle (65.8%) and
sheep (24.4%).The level of cattle grazing is very uniform across the
type, with only Paible (38%) under 50%, the rest lie in the range
52-77%.The frequencyof sheep is much more variable,with only 6% at
Paible (a conspicuouslylightlygrazed site) to 57% at Daliburgh and
89% at Achnahaird.Rabbitswere recordedin 60% of quadrats. Grazing
intensityis recordedas being quite low in ST1, with 12.6% ungrazed,
52.3% lightlygrazed, 13.2%moderatelygrazed and only 1.3% heavily
grazed. It is interestingto note that no mole hills were recorded in
any site in ST1. The most commonman-made featureswere fence (3.6%),
tarmac road (1.0%),dirt road (1.0%),vehicle track (12.5%,access by
tractorsand other agriculturalequipment), unsurfaced path (1.2%),
spent cartridge(2.8%)and rubbish (28.5%). Traces of birds (mean
20.1%)were recordedfrom all sites except Achnahaird. Some of the
machair areas are importantbreedinggrounds for coastal birds and
1.9% of quadratswere recorded as having nests in them. Aquatic
habitatsare quite variablewithin the type but are importantin a few
sites. Howbeg, Stilligarry (North) and Loch Bee are sites that are

notable for containingwater bodies of various types (about 20% of
quadratsare affected).Paible has 13% of quadratswith saltmarsh pan
or creek,which exactly ties up with the 13% of upper saltmarsh 34
found in this site.

I.
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8.4.2 Site Type 2

Name - West Coast, Hebridean,dune type

List of Sites in ST2

Site no. and name

12 West Tiree
13 Ballevullin
14 Hynish Bay
16 TotamoreDunes
18 Vatersay
19 West Barra
20 North Barra
29 Kirkibost
30 Monach Isles
33 Vallay
36 Robach
37 Berneray
39 Northton
40 Luskentyre
41 Uig
42 Valtos
43 Barvas
44 Europie
45 Tolsta
49 Breckin

Geographicalregion

*Tiree,etc.
*Tiree,etc.
*Tiree,etc.
*Tiree,etc.
Barra & Uists
Barra & Uists
Barra & Uists
Barra & Uists
Barra & Uists
Barra & Uists
Barra & Uists
Barra & Uists
Harris& Lewis
Harris & Lewis
Harris & Lewis
Harris & Lewis
Harris& Lewis
Harris & Lewis
Harris& Lewis
Shetland

Size (ha)

816
320
288
144

' 80
208
240
224
336
256
368

 544 1

304
128
96
128
240
240
96
62

*Tiree,Coll, Mull and Ardnamurchan

GeneralDescriptionand Relationshipwith other Site Types

This site type has 20 sites (21.3%)allocatedto it with a mean area
of 256ha (range62-816ha).This is the most common site type in the
survey. As the names suggest,ST2 is most similarto ST1, one of the
most obvious differencesbeingan increasein semi-stablehabitats in
ST2, i.e. there is more sand movement. This is reflected in the
changed proportionof three vegetationtypes - bare ground B, with 1%
in ST1 and 4% in ST2, colonizing communities C (2% and 3%) and
semi-stabledune grasslandD3 (4% and 6%). This is not a spectacular
difference,but significantnevertheless,with totalsof 7% for ST1 as
comparedwith 13% for ST2. The different proportion of unstable
vegetationtypesmust be seen in the perspective that most of this
habitat occurswithin 200m of the sea (theremay be a few blow-outs
further inland).Becausethe sites in ST2 extend such a long way
inland (see Landformsbelow),it is inevitable that the potentially
unstableareas account for quite a small proportionof the whole site.
Conversely,large areas are occupiedby stablesubstrates that would
require very drastic disturbance to become de-stabilized. The
differencein stabilitybetweenthe two site types is also reflected
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in the frequencyof Ammo hila arenaria,28.4% in ST1 as compared with
43.2% in.ST2.However,it should be noted, that this difference does
not qualifythe species as being preferential(see Section 8.3.2, step
8) but the 2 to 1 ratio requiredfor this status is just an arbitrary
value. The cover of Ammo hila arenaria,3.5%in ST1 and 6.5% in ST2,
confirmsthe nature of the difference.

There are also fewer wet habitatsin ST2 as comparedwith ST1 and, in
terms of vegetationtypes, this is reflectedin frequency differences
for slightly,acid, wet grasslandG6 (2% in 5T2 and 7% in ST1) and wet
marsh M2 (1% and 3%).This differenceis confirmed by a number of
speciesand that preferentialto 5T2 and which are typical of wet
areas or the marginal habitats associated with water bodies, e.g.
Caltha lustris,Cardamine ratensis,E ilobium lustre, Eriophorum
angustifolium,Galium alustre, L chnis flos-cuculi and Polygonum
amphibium(see list of preferentialspeciesin 8.3.2,step 8).

The disturbanceof ST1 by agriculturehas already been noted in the
descriptionof that type and many of the associated"weeds"are absent
or have a lower frequencyin 5T2. Finally, the higher intensity of
grazing in 5T2 as comparedwith ST1 (themain cause probablybeing the
higher proportionof sheep grazing)is reflectedby an increase in a
number of preferentialspecies that are typical of closely grazed
turf, e.g. Gentianella cam estris, Heli&totrichon ubescens and
Koeleriacristata. This difference is, however, not particularly
evident in the vegetationtypes which are not thought to descend to
this level of detail, i.e. there are no lightly and heavily grazed
facies of such common vegetationtypes as D1 and G1, although there is
some evidencethat they exist in practice.Small differences such as
this may account for the observation(see Section 6.3) that a site
classificationbased on 53 vegetationtypes (as opposed to the 29 that
have been interpretedfor this report)gave a result that was more
closely comparablewith that obtainedusing speciesfrequency.

West Coast, Hebridean,dune type (ST2) is also closely related to site
types 5T4 and, to a lesser extent, 5T3. These relationships will be
discussedin context.

VegetationTypes

The profileof vegetationtypes for ST2 (see Table 4) is very similar
to that for 5T1. As already noted, one of the main differences is in
the proportionof the less stable types B, C and 1)3, together
totalling 13% in 5T2 (cf. 7% in ST1). There is also a small but

probablysignificant,increasein the most common vegetation type,
base-richdune grasslandD1, up from 52% in ST1 to 58% in ST2 (and
present in all sites in the type). In terms of individualsites, there
is quite a range in the proportionof D1, from 33%at Bernerayto 85%
on the Monach Isles. The increasein D1 in.ST2 seems to be balancedby
a proportionatedecreasein the frequency of the closely related
slightlyacid, damp grasslandG1, 13% in ST1 but down to 7% in 3T2.
Whereas 01 is present in all sites in ST1, it is absent from five
sites (25%)of 5T2. The only other vegetation type that shows a
quantitativedifferencebetweenthe two types is slightly acid, wet
grasslandG6, 7%in ST1 as comparedwith 2% in 5T2. 06 is a borderline
marsh vegetationtype (see Section 7.4.4) which is known to be
associatedwith water bodies of various types, e.g. stream, drainage
channel,loch, etc., and the decreased proportion in 3T2 probably
reflectsa reductionof this type of habitatin the site type.

I.
I.

I.

I.
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A number of other vegetationtypes are presentin 5T2 but none achieve
a mean frequencyof more than 3% or occur in more than 50% .of the
sites in the type..Someldo,however,form a significantproportion of
individualsites, e.g. P1 with 10% at Barvas, G6 with 11% at
Kirkibost,G2 with 19%at Breckin,M2 with 10% at Europie,MI with 13%
at Tolsta and 34 with 11% at Kirkibostand 26% at Luskentyre.
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Comparingindividual sites with the type profile, there are no
deviationsof the magnitude of Achnahaird in ST1. Hynish Bay is
notablefor havinga higher proportionof G1 (21% comparedwith a mean
of 7%), Vatersayis seen as a comparatively unstable site, with a
total of 30% for B, C and D3 (cf.mean of 13%),and nearbyWest Barra
is similar,with 25% of unstablevegetationtypes. As already noted,
the Monach Isles are dominatedby 85% of DI (cf.mean 58%) with only
four other vegetation types present in small amounts (the least
diverse site in 3T2),whereas Bernerayhas only 33%of DI but this is
madeup by unusuallyhigh proportionsof D4 (27%cf.mean7%),G1 (13%
cf. mean 7%),D3 (13%,cf.mean6%)andC (8%cf. mean 3%). Kirkibost
and Luskentyre are notable for having an important saltmarsh
component,22% and 32% respectively.Finally,Breckinon Shetland,the
only site not on either the Inner or Outer Hebrides, is rather
differentfrom the rest of the sites in 5T2 by having a low proportion
of DI (37%cf.mean 58%),which is made up mainly by GI (22% cf. mean
7%) and G2 (19%cf. mean 3%).The latter vegetationtype, acid, damp
grasslandG2, is much more typicalof the north-westcoast site types
3T7 and ST8.

VascularPlants

sT2 is relatively species-rich, having an average of 22.5 species per
quadrat (cf. ST1 with 23.2) and 36 specieswith a mean frequency of
20% or more (cf. ST1 with 35). The most common species are Festuca
rubra (85)4%),Plant o lanceolata(81.5%),Trifoliumre ens (80.9%),
Ranunculusacris (73.2%)and Poa pratensis(70.8%),i.e. very similar
to the most common species in ST1. As already noted, Ammophila
arenariaoccurs in 43.2% of quadratscomparedwith 28.4% in ST1.

The frequencyof the commonerspecies is fairly consistentwithin the
site type. Ammo ila arenariais most common at Uig (67%)and least at
Europie (10%).Breckinon Shetland stands out as being the most
divergentsite in terms of speciesfrequencywith the total absenci of
a number of speciesthat are otherwisecommon in ST2, e.g. Senecio
jabaea (mean60.6%),Galium verum (60.6%), Carex arenaria (mean
32.6%),Daucus carota (mean 32.4%),Thalictrumminus (mean 30.4%) and
C osurus cristatus(mean28.0%).Other species have markedly lower
species at Breckin than elsewhere within the type, e.g. Trifolium
pratense (15% cf. mean 51.2%),but,at the other extreme,some species
are more common,e.g. Planta o coronous (41% cf. mean 13.4%) or
Agrostistenuis (52% cf. mean 10.0%).

Cover Types

Vascularplantswere recordedin 96.2% of quadratsin 3T2 (cf. 98.5%
in ST1) with a mean cover of 94.3% (cf. 87.8% in ST1). The most
importantspeciescontributingto this cover are Festuca rubra (20.5%
cf. 17.3%in 3T1), Ammo hila arenaria (6.5%), Planta o lanceolata
(5.5%),TrifOliumre ens (4.3%),Holcus lanatus (3.2%), Galium verum
(3.2%),and Poa pratensis(3.1%).Bryophytesare presentin 81.7% of
quadratswith a mean cover of 7.6% (cf. ST1 with 83.1% and 8.8%).
Equivalentfiguresfor lichensare 22.2% and 0.3% in 3T2 (cf. 13.8%
and 0.1% in ST1). Again, the most importantnon-livingcover category
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is baresand,in 40.8%of quadratsandwithmeancoverof 12.5% (cf.
ST1with 49.3% and 9.5%, i.e. more frequent but less cover).
Freshwaterwas onlyrecordedfrom2.0%of quadratswithmeancover of
0.4%(cf.7.2%and 1.1%for ST1).

Landforms

Manyof thesitesin thistypeare bayheadsystems.Offshore the sea
bed shelvesfairlysteeplyso thatis quitedeepcloseto the shore.
Thisin is contrastto themuchmoregentlyshelvingsea bed off the
Uists,whereall butoneof themembersof ST1are located.Many sites
in ST2 containan extensivebare,erodedareaat thetopof thebeach,
i.e.the strandline,withduneformationsat the head of the bay,
hencetheincreasein vegetationtypesB, C andD3 as compared with
ST1.The machairplainis relativelysmalland thereis usually some
sandblownup on to thecountryrockto landwardsso that most sites
containrockyoutcropssurroundedby sand.Onlyrarelyis therea loch
on the landwardsideof thesystembut there are some streams and
riversdrainingacrossthe sites.

Generalaspectis slightly biased towards west (37.3%) but local
aspectis neutral,withroughly equal proportionsof all aspects.
Slopestendto be steeperthanin ST1, with 23.4% of less than 1
degree(cf.50.2%in ST1),50.7%in the 1-5degreecategory(cf.42.0%
in the ST1),23.2%in the 5-15degreecategory(cf.7.5%in ST1) and
2.6%over 15degrees(cf.0.3%in ST1). Surface type show similar
trends,with 32.4%.planeand 45.0%simpleundulatingin 5T2 (cf.59.6%
and 26.5%in ST1).Mostquadrats(75.0%)are under the 50ft contour
(cf.93.7in ST1),with 14.5%in the 50-100ftzone(cf.6.1%in ST1).
Mticimumaltitude in ST2 is 300-350ft(0.1%) compared with ST1
100-150ft(0.3%).Thelowestsites,withno quadratsover50ftOD, are
Brash Bay,Kirkibostand theMonachIsles,whilstthemost generally
elevatedsiteis Tolsta,with73.3%of its quadratsover the 50ft
contour.As withST1,the sitesin ST2aremostlydeep,extending,in
somecases,to 1500m+fromthesea (0.3%for ST2 comparedwith 1.2%
for ST1).The deepestsites(1500m+)areWestTiree and Europie and
theshallowest,withthemostinlandquadratsonly400mfromthe sea,
are Vatersay,WestBarra,Kirkibost,MonachIsles,Vallay, Luskentyre
and Breckin.Mostof theareais located100-600mfromthesea (49.4%
cf. 42.5%for ST1)withonly 11.3%beyondthisdistance(cf.16.6%for
ST1,i.e.thesitesin 5T2are slightlyshallower).

Soil Types

Themost commonsoilin ST2 is semi-matureDeepSandySoil D56, with
45% of quadrats(cf.42%in ST1),and thisis followedby the similar,
but somewhatdrier,D55with 14% (cf. 15%in ST1)and the mature DS7
alsowith 14%(cf.8% in ST1).Together these comprise 73% of the
soilsin ST2.Otherlesscommonsoiltypesare DS3 (4%), DS4 (2%),
bothratherlessmaturein termsof profiledevelopment,T37 (2%),1S9
(2%)and TSIO(3%).Peaty soils are also present (PS1=+, ps2=3%,
P53=3%,P54=1%and P35=3%)witha totalof 10%of quadrats(cf.12%in

. ST1).Thereis a gooddealof between-sitevariationbut this mostly
consistsof an interchangebetweenthemost commontypes035,DS6 and
DS7 whichare all closelyrelatedin termsof pedogenesis.The sites
on HarrisandLewis,i.e.sites39-45,and themorenortherlyBreckin
tendto be systematicallydifferentfromthosefurthersouthby having
a greaterproportionof peatysoils- P31=1%,P32=7%, P53=4%, P54=2%
and P35=5%),or a totalof 19%in thisseries.Thisincreasein peaty
soilsis probablytheresultof underlyingrock and climate rather
raisedwatertable,i.e.blanketratherthanbasinpeat.

I.

I.
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Boundaries

The landwardboundariesof 3T2 are usually formed by the :enclosed
croftland.This may, to some extent, have truncated the sites and
reduced the proportionof the more mature sand/humus soils. In some
cases there was no obviousinland boundaryon the map and an arbitrary
line has been drawn. This may have resultedin the omission of blown
sand in some cases and the inclusionof blanket peat in others. The
lateral boundariesof the sites are often formed by the relatively
steep sides that are an integralpart of the bayhead situation.

Land-use

Like its closelyrelatedtype ST1, West Coast, Hebridean, dune type
ST2 is linkedto the croftingsystem of agriculturebut the balanceof
activityis ratherdifferent.Whereas in ST1 27.1% of quadrats showed
signs of cultivation,this is reducedto 4.7% in 5T2. Similarly, the
mean number of quadratsper site that had to be abandonedbecause they
were occupiedby a standingcrop at the time of survey was 17.5 in ST1
and only 1.9 in 5T2. On the basis of these mean data it might be
assumed that the differencebetweenthe two site types was the direct
result of agricultural practice. However, when the record for
individualsites is examinedin detail it is seen that there are sites
in ST1 with low levels of cultivation,e.g. Hosta (3%) and Achnahaird
(0%), and also the converse, sites in ST2 with high levels of
cultivation,e.g. Valley (16%), Robach (31%) and Luskentyre (16%). It
must, therefore,be concludedthat cultivationis not the sole factor
underlyingthe distinctionbetweenST1 and ST2 but theremust be more
fundamental differences in terms of climate and landform. As far as
other agriculturalactivitiesare concerned,the intensityof grazing
in 5T2, with none in 13.5%, lightin 40.8%, moderate in 31.4% and
heavy in 14.3%, is seen as being somewhatheavier than that in ST1
(none in 12.6%, light in 52.3%, moderate in 21.9% and heavy in 13.2%).
There are also differencesin the proportionof sheep, the signs of
which were recordedin 48.5% of quadratsin ST2 as comparedwith 24.4%
in ST1. Cattle are slightlymore common in ST1 (65.8%) than in ST2
(54.2%) and rabbitsare similar (60.0% and 54.2% respectively). Once
again, there are quitewide within-site type differences in sheep
grazingfor ST2 (moreso than for ST1), e.g. no sheep at all were
recordedin Kirkibost,whereasat Breckinthey were recordedin 96% of
quadrats.Similarly,no cattlewere recordedon the Monach Isles, but
West Tiree and Ballevullinhad 95%. Other human activitiesrecordedin
ST2 includefence in 4.0% of quadrats(cf. 3.6% in ST1), tarmac road
in 1.9% (cf. 1.0% in ST1), vehicle track in 7.4% (cf. 12.5% in ST1)
and unsurfacedpath in 7.0% (cf. 1.2% in ST1). Rubbishwas recordedin
22.3% of quadratsin ST2 (cf. 28.5% in ST1). Finally, the proportion
of variousaquatic habitatsrecordedin ST2 is somewhat reduced as
comparedwith ST1 - puddle (1.1%);saltmarsh pan (2.3%) and stream
(1.0%).Luskentyreis notablefor containinga high level of saltmarsh
habitats (saltmarshpan 32.0% and saltmarshcreek 6.0%) and this is
relatedto the high proportionof Saltmarshvegetationtypes in this
site (35.0% of quadrats).
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8.4.3SiteType 3

Name - North and West Coast, truncatedtype

List of Sites in 5T3

Site no. & name

2 MacrihanishDunes
4 KilchomanDunes
10 Calgary Dunes
11 Sanna
61 Reay
63 Freswick
79 Fraserburgh

Geographicalregion Size (ha)

*Colonsay,etc. 353
*Colonsay,etc. 160
"Tiree, etc. 17
**Tiree,etc. 38
Caithness 77
Caithness 22
Aberdeenshire 112

*Colonsay,Islay and Kintyre
**Tiree,Coll, Mull and Ardnamurchan

General Descriptionand Relationshipwith other Site Types

As the name, North and West Coast, truncated type, suggests this site
type is characterizedby the high proportionof active dune within the
site boundary.The mean area of the seven sites (7.4%) that are
allocated to the type is 111ha but the variation in size is
considerable- from MacrihanishDunes, with 353ha, down to Calgary
Dunes, with a mere 17ha (a size ratio of about 21'to 1). Some of the
sitesare long, thin, coastal strips,e.g. Macrihanish Dunes (beach
length of 5km) and Fraserburgh(beachlengthof 2.9km)and others are
relativelyshort, but with very active, bayheadsystems,e:g. Calgary
Dunes (beachlength of 0.5km)and Reay (beachlengthof 1.06km). The
activityof the sites, in terms of sand movement,is evidencedby the
increasein the unstablevegetationtypes - 8=3%, C=6% and D3r25%,
givinga total of 34%, as comparedwith ST1 and ST2 with totals of 7%
and 13% respectively.The frequencyof Ammo hila arenaria (53.2%)also
confirmsthis interpretation(ST1=28.4%and ST2=43.2%).•However, it
should be noted that a high level of this species is not invariably
the case in the ST3. For example,no Ammophilaat allwas recorded at
Calgary Dunes, a site that has fairly intensive agricultural,.use,
whereas at Macrihanish Dunes the species occurred in 94.0% of
quadrats.Calgary is, however,a rather extremesite within 5T3 in a
number of respects.All six sites in 5T3 are influenced by the
presenceof streamsor rivers and severalhave a stream as a lateral
boundary.In terms of vegetation types, the stream influence is
exemplifiedby the presenceof wet, slightlyacid dune grassland D5
(8%),which has its greatestabundancein this site type (and 5T6 with
9%) but is comparativelyrare elsewhere,e.g. ST1=+and 5T2 =+. There
are small amounts of other marshy vegetationtypes, e.g. G6=+, M1=1%
and M2=+.

From its derivationin the site key, the most obvious site type for
comparisonwith ST3 is 5T4 - NorthernIsles type. This comparison is
discussedin Section8.3.2(step9), the conclusionbeing that the
former is distinguished by the presence of dry, slightly acid
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habitats.This differenceis indicatedby preferentialspecies such as
Cam nula,rotundifolia,Centaureani a, Cerastiumatrovirens,etc. By
contrast,5T4 contains a higher proportion of damp habitats, as
evidenced by species such as A ostis stolonifera, Deschampsia
cespitosa,Gentianellaamarella,Parnassia alustris,etc. There are
also a number of preferential"weed" species in 5T3, e.g. Geranium
molle, osotis arliensis,Planta o ma or and Pol onum aviculare.
Other comparisonsbetween5T3 and 5T4 are given in the contextof the
latter.type.

An examinationof an ordinationof site types also reveals evidenceof
a relationshipwith ST12 - East Coast, truncatedtype. A more detailed
ordinationof the individualsites shows that there is, in fact,
continuousvariationbetweenthe two site types, with Macrihanish,
Reay and Fraserburgh(north-easternmembers of ST3) being closely
related to St Fergus,Cruden Bay and Dumbarniein 8T12. A comparison
betweenthese two types in terms of preferential species shows that
the high frequencypreferentialsfor 5T3 are typical of the western
machairs,i.e. vegetationtypes D1 and G1, involvingsuch species as
Bellis erennis,59.8% in ST3 and 17.8%in 8T12, Leontodon autumnalis
25. and 4.1%), Linum catharticum (25.3% and 10.8%), Prunella

vulgaris (34.2% and 4.0%), Ranunculus acris (34.7% and 6.3%),
Ranunculusbulbosus (22.4%and 1.0%), Ranunculus re ens (30.7% and
11.0%).Trifolium ratense (13.2% and 2.6%) and Trifolium re ens
(76.7%and 38.1%).Conversely,species preferentialto ST12 are mainly
those that are much commonerin, or even limitedto, eastern Scotland,
e.g. A o ron re ens, 24.3% in ST12 and 8.5% in ST3, Arrhenatherum 
elatius(34.6%and 15.6%),Astra lus danicus (16.4%and 0.0%), Briza
media (8.4%and 0.0%), Echiumvulgare(11.2%and 0.0%),Ononis re ens
(7179-%and 0.0%),Torilis a onica (13.9%and 2.4%) and Viola hirta 
(8.8%and 0.0%). It will be noted that most of the preferential
species that distinguishST3 from 5T12 are not in any way associated
with the unstablehabitatsbecausethis is the common factor between
the two types. The only interestingdifference that emerges is the
observationthat both A o ron unceiforme(12.0%in ST12 and 6.0% in
5T3).and El us arenarius(12.2%and 0.4%) are preferential to 8T12.
The differentproportionsof these two species is about the only
evidencethat unstablevegetationtypes such as C and D3 have western
and easternfacies.

The geographicaldistributionof ST3 consistsof a group of four sites
in the south-west,a totally separate group of two sites on the
north-eastcoast and one site on the east coast. There is also some
evidence to suggest that the three out of the four south- western sites
are systematicallydifferentfrom the rest, being more closely similar
to 8T4, the exceptionbeingMacrihanish.By contrast,the three sites
in the north and east and Macrihanish are in some respects more
similar to 5T12, which type, it should be noted, has a totally
separategeographicaldistribution,all sites being located to the
south of Fraserburghon the east coast. ST3 is therefore seen as a
prime example of a site type with a widespread geographical
distribution,the commonfactor for the type being truncation which
results in a high proportionof unstable habitats. The effects of
truncationappear at least partially to override the more general
influenceof climatebut sand type still seems to be a potent factor
in differentiating8T3 from its easternequivalent,ST12.

VegetationTypes

The most common vegetation type in 5T3 is still base-rich dune
grassland D1, with 33% of quadrats,but this represents a considerable
reductionfrom ST1 (52%)and ST2 (58%)and also from the site type to
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be describednext, 314 with 52%. The second most common vegetation
type is semi-stabledune grasslandD3, with 25% (cf. ST1=4%, ST2=6%
and ST4=5%).This is followedby slightlyacid dune grasslandD2, with
a mean of 10%, but this figure is boostedby a contributitinof 62%
from Macrihanishand the type is not presentat all at Sanna, Reay and
Freswick.02 is reallyan easternvegetationtype but its presence at
Macrihanish can probably be explained by the moderate calcium
carbonatecontentof the beach sand at that site (16.7%),as compared
with the other sites in the type - Kilchoman(33.0%),Calgary (62.2%),
Sanna (62.1%),Reay (34.9%),Freswick(54.7%)and Fraserburgh(24.5%).
It is also suspectedthat Macrihanishis a "fairlyold" land surface,
so that the sand furtherinlandmay be well leached,but it would take
further analysisof the soil samples to prove the point. Damp,
base-richdune grasslandD4 (4%) is also somewhat depleted compared
with the previouslydescribedsites types (311=8%,and 512=7%)but the
closelyrelatedwet, slightlyacid dune grassland05, with 8%, is much
inereased(cf. ST1=+, ST2=+ but 514=3%). As already noted, 05 is
associatedwith streamsand rivers and may be regarded as a rather
less acidic version of slightly acid, wet grassland 06 (usually
associatedwith peaty soils) that is so characteristic of ST1 (7%).
Slightlyacid, damp grasslandG1 occurs in 7% of quadratsin 313 (cf.
311=13%,512=7%and ST4=14%)and colonizingcommunitiesC occurs in 6%
of quadrats (cf. 5T1=2%,5T2=3%and 514=5%). Bare ground B has a
frequencyof 3%, giving a total of 34% for unstabletypes (B, C and
D3), as already noted. No other vegetation types make a really
significantcontributionto 3T3, i.e. they have a frequencyof 1% or
less for the type, but individualsites have up to 5%, e.g. Calgary
with 4% of 03 and 4% of F1, Macrihanishwith 4% of MI and Reay with 5%
of MI.

One site which conspicuouslydeviatesfrom the vegetationtype profile
for the site type is Macrihanish,with 62% of 02 (mean 10%), but the
status of this site has already been discussedat some length above.
Reay and Fraserburgh,the two sites that are most like 3112, are
characterizedby havingan abnormallyhigh proportionof 03 (57% and
51% respectivelyas comparedwith a mean of 25%). The total for
unstablevegetationtypes in Reay and Fraserburgh(B, C and D3) is 69%
and 65% respectively.Finally,CalgaryDunes is notable for the high
proportionof D5 (28% cf..mean8%) present.

Vascularplants

3T3 is slightlyless species-richthan the previoussite types with a
mean of 20.1 species per quadrat (cf. 23.2 for ST1 and 22.5 for 512)
and with 33 specieshaving a frequencyof 20% or more (cf. 35 for ST1
and 36 for 5T2). Again, the most commonspecies are associated with
the machair grasslands(D1,01 and to some extent 03), with Festuca
rubra (82.2%),Poa pratensis(80.2%),Planta o lanceolata(77.7%) and
Trifoliumre ens (76.7%).After this there is a big drop to Bellis
perennis (59.8%)and Galium verum (59.2%).As already noted, Ammophila
arenariaoccurs in 53.2% of quadratsand this may ,be compared with
28.4%in ST1, 43.2% in 512, 44.4% in 3T4 and 69.7% in ST12 (the
eastern truncatedsite type).

Whereas most of the commonerspeciesin 5T3 have a fairly uniform
frequencywithin the site type, there are some interestingexceptions.
The absence of Ammo hila arenariafrom CalgaryDunes (meanfor 3T3 is
53.2%) has already been noted. Holcus lanatusis a curiously variable
species,with only 11% at Sanna as comparedwith 92% at Freswick (mean
51.7%),and Senecio acobaea is similar,with 13% at Kilchoman Dunes
and 83% at Macrihanish(mean45.8%).Galium verum,with 7% at Freswick
and 89% at Macrihanish,is anotherexampleof a species with widely
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divergentfrequencywithinST3. Several other species show similar
levelsof variationbutthereis nothing obviouslysystematicabout
thesedifferencesexcept that they commonly involve Freswick and
Macrihanishas the sites with the most extreme values. Other
differencesare more obviously systematic, being related to
geographicaldistribution,e.g.Thymusdruceiwith 67% at Macrihanish,
57% at Kilchoman,28% at Calgaryand 53% at Sanna (the south-western
membersof 5T3), as comparedwithReay 6%, Freswick0% and Fraserburgh
3% (thenorthernmembers).A numberof otherspecies also show this
typeof distribution,e.g.Prunellavul aris, Luzulacamestris,Linum
catharticumand Ranunculusbulbosus.A fewspeciesshow the converse
distribution,beingmorecommonin the three northern sites, e.g.
Heracleums ond liumandCirsiumarvense.

CoverTypes

Vascularplantswererecordedin 96.7% of quadrats in ST3 (very
similarproportionsto ST1and ST2), witha meancoverof 86.0% which
is similarto ST1with 87.8% but lessthanthatfor ST2 with 94.3%.
Speciescontributingmostto thiscover are Festuca rubra (20.9%),
Ammo ilaarenaria(16.8%, cf. ST1with 3.5% and 3T2 with 6.5%), Poa
pratensis(5.3%), Trifoliumre ens (3.6%), Loliumperenne (3.1%) and
A ostisstolonifera 3.0%). Bryophytesare present in 81.7% of
quadratswitha meancoverof 7.0% (cf.ST1with 83.2% and 8.8%, ST2
with 81.7% and 7.6% and 5T4 with 80.6% and 5.0%, i.e. all very
similar).Equivalentfiguresfor lichensare 11.5% and 0.1%.The most
importantnon-livingcovercategoryis baresand,presentin 54.9% of
quadratswitha meancoverof 14.0%. Thisrepresentsa small increase
somparedwithST1 (49.3% and 9.5%), ST2 (40.8% and 12.5%) and 5T4
(48.2% and 9.1%) butis lessthan5T12 (51.8% and 17.2%). Freshwater
Irasrecordedin 4.5% of quadratswitha meancoverof 1.2%.

Landforms

As alreadynoted,thesitesin ST3 rangefromlong,thinsystems,such
as Macrihanishor Fraserburgh,to narrow bayhead systems, such as
Calgaryor Reay.KilchomanDunes is somewhereintermediatein the
range.As withthe othersite type that has the word "truncated"
includedin its name,5T12, it would appear that this is only a
partialtruth.The sitesarecharacterizedby instabilitybutnot all
thisactivityis due to thereonlybeinga narrowstripof duneat the
seaward edge. Some of the sites, or parts thereof, have remained in a
stateof relativeimmaturityfor other reasonsabout which it is only
possible to speculate.

The landwardextentof thesitesis usuallylimitedby some man-made
constraint,e.g.agriculture,golfcourse,airfield,or naturallyby
the limitedspread of sand in an inland direction.In several of the
sites,i.e.the bayheadtype,thelandrises fairly steeply to the
side,thuslimitingthespreadof thesand.In mostsitesthere is a
riveror streamcrossingor borderingthe siteon itsway to the sea.

'Generalaspectof thesitesin ST3 is northor west (together 74.0%)
but local aspectfavourssouthandwest (61.7%). The explanationfor
thisis not clearand theonlydefiniteconclusionis thateastis not
a commonaspect(11.0%generaland 14.2% local). Attentionhas now
movedfromthebasicallyflatsitesin ST1and ST2 (sligntlyless so)
to a sitetypein whichonly8.8% of quadratshave a slope of less
than 1 degree(cf.50.2% forST1and 23.4% for ST2). In ST3, the
majority(52.3%) of the quadratshave a slopein the 1-5 degreerange,
with 32.4% in the 5-15 degreerangeand 6.6% over 15degrees. Surface
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types show similartrends,with 33.2% plane, 36.8% simple undulating
19.3%complexundulatingand 10.7%broken. Despite the steep slopes in
8T3, 85.5% of quadratsare still under the 50ft contourand..none are
above the 100-150ftzone. This feature,which is more similar to ST1
with 93.7% under the 50ft contour and no quadrats over 150ft,
emphasizesthe limitedextent to which sand has been blown up the
slopes that'surroundthe sites.KilchomanDunes is the most elevated
site, with 53.3% of its quadratsover the 50ft contour, and Calgary
and Sanna are the most low-lying,with no quadratsover 501t OD. In
general,the sites in ST3 extend less distanceinland than those in
ST1 or ST2:.-.Thereare no quadratsfurther than 1000mfrom the sea and
most of the.area lies in the 100-400mzone (46.6%). Macrihanish and
Kilchomanare the deepest sites (up to 1000mfrom the sea) and Sanna
and Fraserburghare the shallowest(nothingfurther than 400m). At the
seawardedge,-16.7%of quadratsare within 50m of HWMST. This figure
is closely comparablewith that for ST1 (12.4%)and 5T2 (14.7%)but is
in sharp contrastto the other truncated type, ST12, with 41.0% of
quadratswithin 50m of the sea. '

Soil Types .

The most common soil type in 8T3 is Deep Sandy Soil DS5 (a semi-mature
type), with 33% of quadrats (cf. ST1=15%and ST2=14%).The next most
frequenttype is DS6 (a mature type), with 28% of quadrats' (cf.
ST1=42%,andl'ST2=45%).It can now be seen that 5T3 is characterizedby
a change of.balance from a fairly mature, i.e. a- well-developed
profile with humus deeply incorporated,sand based soil, such as DS6,
to a less mature type, such as DS5, i.e. with only a relatively
shallow zone Of humus incorporation in the profile. Also quite common
in ST3 is the mature D87 (13%),which is roughly the same proportion
as in ST1 (8%), ST2 (14%)and 51'4(13%).Other immaturesoil types DS1
(3%),D52 D53 (1%) and DS4 (2%) are present, with a combined
total of 9%. The only other soil type with a mean frequencyof greater
than 1% is Peaty Soil P52 (7%).Curiouslythe only other peaty type
present is P53 (+). There is fairly wide within-typevariationin the
proportionof differentsoil types.Calgary Dunes is unusual by virtue
of having no DS5 (whenthe mean is 33%), and this is made up by 44% of
D56 (mean 28%), 20% of D57 (mean 13%) and 32% of PS2 (mean 7%). This
preponderanceof mature profile types at CalgaCy is atypical of ST3
but is in close accord with the equally unusual proportion of
vegetation types in this site (see above) and the absence of
Ammophila.Freswickis similarto Calgary through having a higher
proportionof more mature soil types than would•beexpectedin ST3 -
D56 (42%),D57 (23%)and P82 (10%).Finally, Fraserburgh is notable
for being at the other extreme,with 74% of semi-mature DS5, plus a
contributionfrom the even less mature types DS1, DS2 and D53, which
total 12%, i.e. 86% of immaturesoil types.Mature soils D56 (3%) and
DS7 (6%) occur in only 9% of quadratsat Fraserburgh.

Boundaries

The lateral boundariesof the sites in ST3 usually follow some natural
featuresuch as rising ground or a stream or a combination of both.
Landwardsthe sites are limited in extent either naturally, because
the blown sand has not spread far inland, or artificially, by
agriculture,golf coursesor other developments,e.g. use by MOD.

4
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Land-use

Exceptat Calgary,theagriculturalactivitiesaremainlypastoralin
nature.Grazingintensityin 3T3 is quiteheavycomparedwithST1 and
5T2withonly9.1%of quadratsbeingungrazed,32.3% lightly grazed,
24.9%moderatelygrazedand 33.7%heavilygrazed(cf.ST2with 13.5%,
40.8%,31.4%and 14.3% respectively).The most importantgrazing
animalsare cattle(55.6%),sheep(43.4%)and rabbit(76.2%)and this
canbe comparedwith54.2%, 48.5% and 54.2% respectivelyin 5T2.
Horseswere recordedin 1.7%of quadratsbut thisis entirelydue to a
figureof 12%at Calgary.Reayis unusual by virtue of having no
cattleand only 12%of quadratsgrazedby sheep(but94%by rabbits),
the explanationbeingthatmostof thesite is occupiedby a golf
course.BothReayandFraserburghare characterizedby being lightly
grazed(73% and 77% of quadratsrespectivelywith no or light
grazing).Themostheavilygrazedsiteis KilchomanDunes,withcattle
(97%),sheep (80%), rabbit (90%) and, not surprisingly,67% of
quadratsbeingrecordedas heavilygrazed.Freswickis alsosubjectto
greaterthanaveragegrazingintensity,withcattleandrabbits being
themost importantagencies.The site most subject to arable
agriculture,Calggry Dunes, had 8% of quadrats in which recent
cultivationwas recordedand 8% with a standing crop at the time
survey(but not the type of crop that preventedsampling).In
addition,fivequadratsof theoriginalsample had to be abandoned
becausetherewas a crop that could have been damaged,and this
happeneddespiteall themoreobviousagriculturalland having been
excludedwhendrawingthesiteboundary.Othercommonsigns of human
activityon the sitesis evidencedby the presenceof embankment
(1.5%),wall (1.6%),fence(8.7%),tarmacroad (1.0%),vehicle track
(10.8%),unsurfacedpath(21.0%),sand quarrying(2.6%, mostly at
Reay),spent cartridge(3.2%), fire evidence (1.2%) and rubbish
(37.7%).Aquatichabitatsworthyof note are stream (2.9%), river
(1.2%)and dried-upditch(2.0%).
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8.4.4 Site Type 4

Name - NorthernIsles type

List of Sites in ST4

Site no. & name Geographicalregion Size (ha)

47 Quendale Shetland 208
48 Scousburgh Shetland 36
51 Holland Orkney 256
65 SinclairsBay Caithness 146

73 Overbister Orkney 256

GeneralDescriptionand Relationshipwith other Site Types

The five sites in ST4 (5.3%)are quite variablein size, ranging from
256ha for Hollandand Overbisterto 36ha at Scousburgh,the mean for
the type being 180ha.As the name suggests,geographical distribution
is the most obviouscharacteristicof 5T4. There are two sites in
Shetland,two on Orkney and one (SinclairsBay) just round the corner
on the north-eastcoast of Caithness.The discretedistributionof the
type is only violated by Breckin on Shetland which belongs to ST2,
which, as will be shown below, is a closelyrelatedtype anyway. The
sites in this type are characterizedby havinga high proportion of
damp pasture,grading into wet areas near loch margins and the edges
of streams or drainagechannels.There is evidenceof cultivation in
some sites and there are a few quite common "weed" species in the
flora.

The sites in this type are geographicallyat the transition between
the west and north coast site types and those on the east coast (the
first divisionof the site classification) and this is, to some
extent, reflectedin the flora,e.g. Daucus carotaabsent in 5T4 but
common in the other western and northern site types, or, Cirsium
arvense,common in 5T4 and the easterntypes but relatively uncommon
in the western and northerntypes. Trifolium ratenseis very much a
western species that has fallen to a very low level (3.9%) in ST4.
Within ST4, some species show quite distinctive distributions, e.g.
Viola tricolor,Galium sterneriand Plantagomajor, not being recorded
on the three Shetlandsites but which are quite common elsewhere
(Galiumsternerion Orkney only).Or, conversely, Scilla verna was
recorded from Shetland only, and Anthoxanthum odoratum was not
recordedin the Orkney sites.Despite this and other fairly marked
discontinuitiesin terms of individualspecies,the vegetation types
in 5T4 seem to be littleaffected.This is because the majority of
speciesare behavingin a more consistent manner, i.e. they are
responding to the environment rather than to the effects of
geographical distribution. Geographical distribution tends to be
influenced by independent factors, such as rate of spread and
geographicalbarriers,e.g. isolationby water.

A comparisonbetween5T4 and 5T3, on the basis of indicator and
preferentialspecies,has already been made in Section8.3.2 (step 9),
the conclusionbeing that ST3 has a higher proportionof dry, slightly
acid habitats.This is evidencedby such preferentials as Campanula
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rotundifolia,Centaureani a, Cerastiumatrovirens,etc. Conversely,
8T4 is interpretedas being damper and this is reflectedby the
increasedfrequencyof suchspecies as A ostis stolonifera,Carex
nigra, Deschamsia ces itosa, Gentianella amarella, Parnassia 
palustris,Plantao maritima,PoatrivialisandSenecio a aticus. A
similarcomparisoncan be madebetween8T4and 8T2. Preferentialto
5T2,and indicativeof dryhabitats,are such species as Anthyllis 
vulneraria(22.0%in ST2and 0.7%in 8T4), Koeleria cristata (25.1%
and 1.3%)and Thalictrumminus(30.44and 0.0%. Other species that
are preferentialto 8T2 clearlyresult from the presence of peaty
conditionswhichare lesscommonin 8T4 (despitethe dampness),e.g.
Moliniacaerulea(6.2%and 0.6%) and Potentillaerecta (5.4% and
0.0%).Otherspeciesaremoredifficultto interpret,e.g. Senecio 
jacobaea (60.0% and 23.8%). In the other direction, species
preferentialto 8T4 are eitherindicativeof dry, acid conditions,
e.g.A rostistenuis(30.6%in ST4and 10.0%in 8T2),Cirsium arvense
(25.7%and 6.8%)and Cirsiumvulare (46.0%and 7.1%), or they are
marshspecies,e.g.Cardamineratensis(16.0%and 6.0%), Deschampsia
cespitosa(13.6%and 0.2%)and Parnassia lustris(15.5% and 0.4%).
Finally,the are a number of preferential"weed" species, e.g.
Plantagomajor(5.8% and 1.8%), Poa annua (11.2% and 4.5%) and
Stellariamedia(30.0%and 4.8%).Again,withall thesespecies,it is
difficultto differentiatebetween those that indicate genuine
differencesbetween the sites and those that are geographically
limitedon theislands.

In summary,it is consideredthat8T4 is reallya rather damper and
perhapsmoreintensivelymanaged(asagriculturalgrazings)versionof
8T2-andthatits relationshipwith8T3 is rather more tenuous. Only
SirnclaireBayon themainlandhas thedegreeof instabilitythat is
tii5icalof ST3.Furthercomparisonsof 5T4withtherelatedtypes 5T5
ana ST6appear,in context,below.

VegetationTypes

The profileof vegetationtypesin 8T4 is remarkablysimilar to that
for 5T1 and ST2.For example,themost commonvegetationtype in 8T4
is base-richdunegrasslandD1, in 52%of quadrats(cf.511 with 52%
and 5T2 with58%).The nextmostcommontypeis slightlyacid, damp
grasslandG1,with 14%(cf.ST1with 13% and ST2 with 7%, i.e. a
slightincrease),closelyfollowedby damp,base-richdune grassland
D4, with 12%(cf.511with 8% and 5T2with7%, i.e. again a slight
increase).The so calledunstablevegetationtypesare presentbutare
not an important feature of this site type - D3 (5%), C (5%) and B
(1%)givinga totalof 11%of quadrats(cf.7% in ST1, 13%in 5T2 and
34%in ST3).Thedampernatureof 8T4 is evidentthroughthe presence,
albeitin smallamounts,of a numberof vegetationtypesthat reflect
thistrend,e.g.wet,slightlyaciddunegrasslandD5, with 3% (cf.
ST1=+and ST2=+but8T3=8%),slightlyacid,wet grasslandG6, with 1%
(cf.ST1=7%, 8T2=2% and ST3=+, this is more peaty type), damp
disturbedmarshM1 with 1%,wetmarshM2 with3%andwet foredune F2
1%.Anotherfeatureof 8T4 thatit is totally devoid of saltmarsh
vegetation,at leastnoneweresampledin thesurvey,so it wouldhave
to be presentin verysmallquantities.Thismustbe comparedwith 4%
in ST1 and 5%in ST2for cambinedmembersof theSaltmarshfamily. In
thisrespect,ST4 is morelike5T3,withonlya traceof saltmarsh.A
slighteasterninfluenceis evidentin 5T4 through the presence of
smallproportionsof slightlyaciddunegrasslandD2 (2%) and acid,
dry grasslandG3 (1%).
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Looking now at the profileof vegetationtypes for individualsites in
ST4, Quendaleis notablefor havinga rather low proportion.of DI
(31%, comparedwith a me:anof 52%).andthis is made up by an increase
in the closelyrelatedG1 (43%,comparedwith a mean of 14%). At the
other extreme,Overbisterhas 74% of DI (mean 52%) and no Gl, the
remainderof the site being composedof D4 (13%)and 03 (13%), i.e.
only three vegetationtypes in the site. The most extreme example of
8T4 is probablythe mainlandsite of SinclairsBay, with 19% of D1
(mean 52%), 19% of 04 (mean 12%) and 16% of GI (mean 14%). The
differenceis made up by an unusually high proportion of unstable
vegetationtypes - 03 (7%), C (19%)and B (4%),giving a total of 30%.
In this respectSinclairsBay shows similaritieswith ST3 - North' and
West Coast, truncatedtype, and an examinationof the site ordination
confirmsthis interpretation, that Sinclairs Bay is, indeed, on
borderlinewith ST3. Presumably the high proportion of the damp,
base-richdune grasslandD4 at SinclairsBay (19%)makes a difference,
because this vegetationtype has a mean of only 4% in ST3.

VascularPlants

Like most of the western site types, ST4 is reasonably species-rich
with a mean of 20.3 species per quadrat and 32 species with a
frequencyof 20% or more (cf. ST1 with 23.2 and 35 and 5T2 with 22.5
and 36). Once again, the most common species in 5T4 are those
associatedwith the machair grasslands(D1, D4 and GI), with Festuca
rubra in 89.4% of quadrats,Poa pratensis (86.4%), Trifolium re ens
(86.2%),Cerastiumholosteoides(79.1%),Lotus corniculatus (76.3);
Planta o lanceolata(75.6%)and Ranunculus acris (70.1%). Ammophila
arenariawas recordedin 44.4%of quadrats(cf. ST1=28.4%, 'ST2=43.2%
and ST3=53.2%).

As already noted, a number of relatively common species show
discontinuousdistributionswithin 8T4, e.g. Viola tricolorand Galium
sterneri (seeGeneral Descriptionabove).Other curiosities are the
absence of Carex arenariafrom Scousburghin Shetland (only 17% at
Quendale,comparedwith the mean of 32.4%), Senecio acobaea absent
from Holland on Orkney (but also onlY 3% at Quendale, compared with
the mean of 23.8%)and Poa trivialisabsent from Sinclairs Bay but
present in all sites on Shetlandand Orkney.

Cover Types

Vascularplantswere recordedin 99.3%of quadratsin 5T4 with a mean
cover of 102.6%(cf.sT1.87.8%,sT2.94.3%and 8T3=86.0%). The most
importantspecies contributingto the high cover are Festuca rubra
with 26.9% (cf. sT1=17.3%, ST2=20.5% and 8T3=20.9%), Ammophila
arenaria (12.6%),Trifolium re ens (8.3%), A ostis stolonifera
(7.0%),Poa pratensis(4.3%),Plantao lanceolata (3.7%) and Lotus
corniculatus(3.2%).Bryophyteswere recorded in 80.6% of quadrats
with a mean cover of 5.0% (cf. ST1 with 83.1% and 8.8%,ST2 with 81.7%
and 12.5%and 5T3 with 81.7%and 7.0%).Equivalentfigure for lichens
are 14.0%and 0.1%. The most importantnon-living cover category is
bare sand, present in 48.2%of quadratswith a mean cover of 9.1%,but
it should be noted that most of this cover is contributedby Sinclairs
Bay with no less than 28.0%, the other sites in ST4 having relatively
low values for this cover type.
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Landforms

The basicfeaturesof 5T4 are verysimilarto 5T2,witha coastalzone
of Ammophiladunebackedby a fairlyextensive,levelplain.Theremay
alsobe a waterbodyor marshsomewherenearthelandwardboundaryof
the site.Althoughthe sitesaremostlyof a bayhead type, they are
not constrictedlaterallyby steeplyrisingground.Theinlandpartof
the sitemay risegraduallyfromthe plain, Holland reaches up to
200ft, Quendale 170ft, Scousburgh130ft but SinclairsBay and
Overbisterare almostcompletelyflat.Overbisteron Orkney contains
spitsthatlinkislandsto themainislandof Sanday. These enclose
inletsthatdry out at lowwaterbut,despitethis,no saltmarshwas
recordedin the sitewith boundariesas drawn. Only SinclairsBay
containsa riverof any size,theWaterof Wester.All the othersites
includeor are adjacentto lochs.

Generalaspectof the sitesshowsa biastowardseither east (36.1%)
or west (38.7%)facingslopesbutlocalaspectfavourssouth (42.5%).
The explanationfor thisobservationis not immediatelyobvious. The
slopecharacteristicsof 8T4 liesomewherebetweenthe very flat ST1
and themore sloping3T2,with34.4%under1 degree,48.3%in the 1-5
degreecategory,16.7%in the 5-15degreecategoryand 0.6% over 15
degrees(cf.ST1with50.2%,42.0%,7.5%and 0.3%respectivelyand ST2
with 23.4%,50.7%,23.2%and 2.6%).Surfacetypeshowssimilartrends,
with 40.5%plane,35.1%undulatingsimple, 20.7% undulatingcomplex
and 3.8%broken.Theoveralldistributionof heightcategoriesis very
similarto thatfor ST2,with75.1%under50ft,11.4% 50-100ft,6.4%
100-150ftand 7.1% 150-200ft(cf.75.0%,14.5%,6.9%and 2.7%for 8T2
whichalsohas 0.9%over200ft).As alreadynoted,SinclairsBay and
OVerbisterare low-lyingsites,withall theirquadratsunder50ftOD.
Althoughsomeof the sites extend quite a long way inland, e.g.
Quendale,themajorityof quadratsarewithin400mof thesea (72.4%,
cf. 66.8%in ST1 and 78.8%in 5T2), the modal distance being the
200-400mzonewith 34.1%.In 5T4, 11.7%of thequadratsarewithin50m
of HWMST(cf. ST1 with 12.4%,3T2with 14.7%and 3T3with 17.7%).

SoilTypes

The soil typesin 5T4 seemto be an extensionof thetrendnoted from
ST1 to ST2,i.e.an increasein maturity,as measured by the amount
and depthof humusincorporatedin the profile.Thusthe most common
soiltypesareDeepSandySoilD36,with53%of quadrats(cf. ST1=42%
and ST2=45%),and D37, with 13% (cf. ST1=8% and ST2=14%).The
semi-mature Deep Sandy Soil DS5 has a frequency of 22% (cf. ST1 with

15%and 3T2with 14%).Alongwith 1%of D881 semi-matureand mature
sandysoilsaccountfor 89%of the quadratsin 8T4, which does not
leavemuchscopefor othertypes.ImmaturesandsDS2 (1%), D53 (3%)
and D54 (1%)accountfor a further5% and Peaty Soils P32, PS3 and
P35,total3%.

Boundaries

The boundariesof mostof thesitesare rather arbitrarilydrawn in
relationto the croftland.The landtendsto be quiteintensivelyused
and enclosed,withsomefencesrunningrightdownto theshoreline.It
is difficultto telltheextentof blownsandfrom the maps and in
somecasesit may be moreextensivethantheareasurveyed,e.g. the
Plainof Fidgeat Overbisteror round Bea Loch at Holland. These
omissionsmay causethe proportionof Duneland vegetationtypes (D1
and D4) to be somewhatexaggerated,simply because areas likely to
containGrasslandtypes(G1mainly)havebeenleftout of the site.

11,

I.
I.

11.
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The boundaryat SinclairsBay is limited by a golf course in the south
whilst north of the river it does not follow any obvious feature.

Land-use

Farmingactivity,with the land broken up into quite small fields, 'is
the main featureof the sites on Orkney and Shetland. The mainland
site, SinclairsBay, is ratherdifferent.Signs of cultivation were
recordedin 4.1% of quadrats,this factor being most important at
Overbister,with 10.0%.In addition, three quadrats were abandoned
becausethey had a standingcrop at the time of survey and three more
with a crop were actually surveyed. As might be expected with
relativelyintenseagriculturaluse, grazing intensities are high,
with only 4.6% of quadrats ungrazed, 27.7% lightly grazed, 48.5%
moderatelygrazed and 19.3% heavilygrazed (cf. 5T1 with 12.6%, 82.3%,
21.9% and 13.2% and 5T2 with 13.5%, 40.8%, 31.4% and 14.3%
respectively).In this respectST4 is more like ST3, with grazing
intensitiesof 9.1%, 32.2%, 24.9% and 33.7% respectively. The most
importantgrazing animal is cattle (52.3%), with sheep (39.8%).
Rabbitswere recorded in 88.4% of quadrats (a high figure, cf.
ST1=60.0%, 5T2=54.2% and ST3=76.2%) and horse in 7.0% (20.0% at
Scousburgh). Other man related activities recorded in ST4 Were
embankment(1.3%), wall (1.9%), fence (13.0%), vehicletrack (18.0%),

unsurfacedpath (25.9%) and rubbish (26.9%). Aquatichabitats make a
very modest contributionto ST4, with loch (1.3%, all at Scousburgh),
dried-uprut (1.8%) and dried-uppond (1.2%) (cf. the much higher
figures for ST1).
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8.4.5 Site Type 5

Name -.Northand West Coast,acid heath type

List of Sites in ST5

Site no. & name Geographicalregion Size (ha)

5 Saligo Bay *Colonsay,etc. 80
6 Gruinart *Colonsay,etc. 560
15 Crossapol& Gunna "Tiree, etc. 800
17 Gallanach •*Tiree,etc. 368
38 Pabbay Barra & Uists 496
56 FaraidHead North Sutherland 228
62 Dunnet Caithness 789

*Colonsay,Islayand Kintyre
**Tiree,Coll, Mull and Ardnamurchan

GeneralDescriptionand Relationship.withother Site Types

In some ways it would be more convenientto deal with 5T6 before 5T5.
This is becausethe trend over the remaining four types on the
negativeside of the first division of the site classification
(ST5-5T8)is that of increasinginfluenceby acidic and wet conditions
(as opposed to base-richand dry). 5T6 - North Coast, bayhead, well
drained type is at the beginning of the trend, being somewhere
intermediatebetween5T2, ST3 and ST6. The similarity with 5T2 is
throughthe presenceof base-richhabitats,i.e. 5T6 has 45% of D1,
with ST3, becauseof an unstableelement,i.e. ST6 has 3% of B, 3% of
C and 15% of D3 or total of 21%, and ST5, because it includes some
quite acid habitats,i.e. 5T6 has 7% of G2, 4% of G3 and 3% of G7 or a
total of 14%. 5T5 - North and West Coast acid heath type, is similarly
related to three other types. It is related to ST2 by virtue of
base-richhabitats,i.e. ST5 has 40% of D1, with 5T6 though the
presenceof acid habitats,i.e. 5T5 has 7% of G2, 2% 'ofG3 and 4% of
G6, and with ST7 becauseof a small proportionof peat, i.e. 5T5 has
7% of Pl.

ST5 has seven sites (7.4%)allocatedto it. All of these sites are
large (over200ha),with exceptionof Saligo Bay (80ha),with a mean
area for the type of 474ha (cf. 366hafor STI, the next highest mean
thus far). The geographicaldistributionof the type is widespread,
with two sites on Islay, two more on Coll, one on Pabbay (an island
situatedbetweenNorth Uist and Harris)and two sites on the north
coast, FaraidHead in North Sutherlandand Dunnet in Caithness.It is
perhapssignificantthat the first five sites are on islands. The
presenceof rocky outcrops,with shallowdry soils on them, is also a
featureof the site type but whether these two observations are
connectedin some way is not clear..

The sites in ST5 have quitewell developed Ammophila covered dunes
but, because the sites are so large, this habitatonly covers quite a
small proportionof the total area, e.g. D3=6% and c=3%.Along with 2%
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of 13,thisgivesa total of 11% unstable habitats (cf. 3T2=13%,
3T3=34%andST6=21%).

The distinctionbetween ST5 and its companion in the site
classificationkey hasalreadybeendiscussedabove (Section8.3.2,
step 10).Theconclusionis that 5T2 is characterizedby species
indicativeof wet,acidhabitats,e.g.Carex echinata,Carex nigra,
C osuruscristatus,Ericatetralix Eriohoruman stifolium,Molinia
caeruleaandSie linia decumbens.Thespeciesthat are preferential
to 5T6 aremoredifficultto interpret,e.g. Achilleamillefolium,
Centaureani ra,RumexacetosaandThalictrumminus,butmostare tall
herbs.Turningnow to therelationshipbetweenST5and ST2,thereis a
surprisinglyshortlistof speciesthatare preferentialto ST2 and
theyalsolacka strong, common theme, e.g. AnthIlis vulneraria,
22.0%in 3T2 and 0.0% in ST5, Daucus carota (32.4% and 5.3%),
Heracleums hondlium (22.1%and 7.5%),Rhinanthusminor (26.7% and
8.0%)andSenecio acobaea (60.6% and 28.6%). Conversely,species
preferentialto ST5 are numerousand their interpretationis
relativelyeasy. In general,they are divided into acid-loving
species,e.g. A ostis tenuis, 26.8% in 3T5 and 10.0% in 3T2,
Anthoxanthumodoratum 46.9%and 13.3%),Callunavul aris (15.9% and
.1% , Festucaovina(14.4%and 1.4%),and Festucavivi ra (10.1%and
1.4%),andwet,acid-lovingspecies,e.g. Carex echinata (9.2% and
1.9%),Carex ulicaris(14.2%and 4.9%), Erica tetralix (11.4% and
2.2%),Eriohoruman stifolium(9.6% and 1.7%),Molinia caerulea
(17.6%and 6.2%),Nardusstricta(10.1%and 2.4%),Parnassia lustris
(12.3%and 0.4%),Potentillaerecta(25.6%and 5.4%) and Sieglingia
decumbens(26.8%and 7.6%).Thecomparisonbetween 3T5 and ST7 in
termsof preferentialspeciesis dealtwithin detailin the context
of the lattertypebut thegeneraltrendis towards an increase in
wet,acid-lovingor bogspeciesin ST7.

VegetationTypes

The vegetation type profile for 3T5 clearly demonstrates its
relationshipwiththe othersitetypes.Onceagain, the most common
vegetationtypeis base-richdunegrasslandD1, with 40% of quadrats
(cf.3T2=58%,3T6=45%and 317.23%).The next most common type is
slightlyacid,dampgrassland01,with 15%of quadrats (cf. 3T2=7%,
5T6=10%and 317=19%).No other vegetationtype achieves a mean
frequencyover 10% but the increasein acid,damp grassland02 (7%)
followsthe trend(cf.3T2=3%,3T6=7%and 317=15%)and03 (2%)and 06
(4%)followsuit.Peatlandtypesare representedby transitionalpeat
bog Pl, in T% of quadrats(cf. ST2=2%,ST6=0% and 317=10%).Indicative
of drier, slightlyacid conditionsis slightlyacid dune grasslandD2,
with a frequencyof 4% (cf. 3T2=+, sT6=0%and 317=1%). This is
basicallyan eastcoastvegetationtype.Lessacid,wet habitats are
representedby D4 (2%),D5 (2%),M1 (1%) and M2 (2%). As already
noted,unstablehabitatsoccupyabout11%of the sites (D3=6%, C=3%
and.B=2%).

Thereis quitehighwithin-typeuniformityin the proportionof the
variousvegetationtypesin 3T5.Gruinartcan be seen as the least
stablesite,with 10%of D3 and 12%of C (total22% compared with a
meanof 11%)and Pabbay as the most acid site, with only 24% of D1
(mean40%),butmadeup by 23%of 01 (mean 15%), 13% of 02 (mean 7%)
and 23% of P1 (mean7%).Gruinartalsocontains7%of Saltmarshtypes
(31=3%and 34=4%).

Perhapsoneof themostsignificantfeaturesof 5T5 is thewide range
of vegetationtypesit contains,e.g.20 out of the 29 typesor 15out
of 29 witha frequencyof 1%or more.Whatis more,all sites in 3T5
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containa minimum of nine vegetationtypes (Gruinartcontainsno less
than 16 types).

VascularPlants

5T5 is the most species-richsite type describedso far, with a mean
of 24.7 species per quadrat (cf. ST2=22.5, ST6=21.0 1 ST7=27.4) and
with 40 specieswith a frequencyof 20% or more (cf. 5T2=36, ST6=33
and S17=51). The most commonspecies in ST5 are Festuca rubra (85.6%);
Plantao lanceolata (80.5%), Trifoliumre ens (78.4%), Holcus lanatus
(74.5%) and Lotus corniculatus(74.2%). Ammo hila arenaria occurs in
46.5% of quadrats (cf. 5T2=43.2%, ST6=33.5% and ST7=17.8%).

Despite the wide geographicaldistribution of these sites in 3T5,
thereare few of the speciesdiscontinuitiesseen in 5T4. One notable
exceptionis Veronica chamaedrs which was only recorded in the
south-west.Leontodontaraxacoidesshows a similar distribution and
Gentianellaamarellais the converse,only being recordedin the two
sites on the north coast.

Cover Types

Vascularplantswere recordedin 97.9% of quadratsin ST5 with a mean
cover of 98.3%. The most importantspecies contributingto this cover
are Festucarubra (22.8%, cf. ST2=20.5%, ST6=15.3% and ST7=18.2%),
Ammo hila arenaria (11.3%, cf. ST2=6.5%, ST6=12.2% and ST7=6.0%),
Holcuslanatus (3.8%), Molinia caerulea (3.7%) and Trifolium re ens
(3.2%). Bryophyteswere recordedin 90.7% of quadrats with a mean
cover of 10.3% (cf. ST2 with 81.7% and 7.6%, 5T6 with 82.5% and 2.2%
and ST7 with 87.0% and 3.4%). Equivalentfiguresfor lichensare 32.5%
and 0.2%. The most importantnon-livingcover categoryis bare sand,
in 27.8% of quadratsand with mean cover of 7.1% (cf ST2 with 40.8%
and 12.5%, ST6 with 57.6% and 17.8% and ST7 with 37.0% and 11.0%).
Bouldersand solid rock appear in quadratswith a frequency of 5.5%
and 7.5% respectivelyand with mean cover of 0.5 and 1.8%. Freshwater
was recordedin 5.3% of quadratswith a mean cover of 0.7%.

Landforms

Most of the sites in 5T5 are characterizedby a fringe of dunes along
bayheadshores and there are often severalseparatebeachesin a site
(SaligpBay = 1, Gruinart = 2, Crossapoland Gunna = 7, Gallanach= 3,
Pabbay = 3, Faraid Head = 5 and Dunnet = 1). Betweenthe beachesthere
are often rocky headlands.The exceptionsare Dunnet, consistingof a
large, single bayheadsystem, and Saligo Bay, which is small - and,
arguably,has two beachesanyway. In additionto the headlands, many
sites have other outcropsof rock jutting through the blown sand.
There are numerous areas where humus is accumulating, often
culminatingin peat formation,and these habitatssupport appropriate
vegetationtypes. Some of these areas are quite extensive, occupying
flat areas betweenrocks or hollowson the rock outcrop itself.

General aspect shows a slight bias towards west (41.2%) and local
aspectshows a similartrend, with west and north together accounting
for 56.5% of quadrats.Slopes are moderateto steep with only 18.6% of
quadratsin the less than 1 degree category(cf. ST2=23.4%, ST6=8.2%
and ST7=7.1%). Slopes of 1-5 degrees are the majoritytype, in 49.3%
of quadrats,with 5-15 degreesin 28.8% and over 15 degrees in 3.3%.
These proportionsare closelysimilar to ST2 with 50.7%, 23.2% and
2.6% respectively.ST5 is less steep than ST6 (8.2%, 39.2%, 46.3% and
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6.3%)and ST7 (7.1%,39.7%,36.6%and 16.7%).Surfacetypesin ST5 are
28.1plane,49.4%simpleundulating,17.7%complexundulatingand 4.8
broken(cf.5T2 with32.4%,45.0%,15.0%and 7.6% respectively).The

' rockoutcrops,so typicalof 3T5,leadto a widerangeof altitude up
to 500ftOD. Only45.3%of quadratsare underthe 50ft contour (cf.
75.0%in ST2),34.9%are in the 50-100ftzone (cf.6.9%in ST2).There
are,however,only 1.6%of quadratsover250ftOD. Pabbayis the site
whichcontainsthewidestrangeof altitudes (up to the 450-500ft
zone)and SaligoBayandGruinart are the most low-lyingwith no
quadratsoverthe 50ftcontour.Mostof thesitesare quitedeepin a
landwarddirection,with6.9%of quadrats1500m+fromthe sea. Faraid
Headis theshallowestsitewithno quadratsfurther than 400m from
the seatandDunnetis thedeepest,with an unprecedented48.4% of
quadratsover 1500minland.Only 11.4%of quadratsarewithin100m of
HWMST(cf.14.7%in 5T2)andmodaldistance is 200-400m with 29.8%
(cf.25.1%in 5T2).

SoilTypes

As withST1,5T2and 5T4 thedominantsoiltypein 5T5are matureDeep
SandySoils.Themost commontypeis D56,with 31% of quadrats,and
thisis followedby D37with22%.Withadditionof 1% of D58, these
typescombineto accountfor 54%of quadrats.Lessmature Deep Sandy
Typesare headedby D35 (17%)but alsopresentareDS2 (3%),DS3 (1%)
and D54 (+).SeveralThinSoiltypesthatoverlierockor high water
tableare presentin ST5,e.g.TS7=3%,T38=1%,T59=3%.Peatysoilsare
alsowellrepresented,withP31=1%,P32=7%,P33=2%,P34=3%and P35=1%
oriatotalof 13%(cf.ST2with 10%of peatytypes,5T6with 16% and
SU with 31%).In general,the proportionof the varioussoiltypesis
n ood agreementwiththevegetationtypeprofile.i-Lg

In termsof within-typevariation,SaligoBay is seenas being rather
differentby virtueof havinga higher proportionof immatureDeep
SandySoils,e.g.DS5with57% (mean17%).Pabbayand FaraidHead are
morepeatythanaverage,with26%and 30%of PeatySoils respectively
(mean13%).Finally,punnethas themost uniformsoils, with 36% of
D56 (mean31%)and 48%of DS7 (mean22%)occupyinga totalof 84% of
the site.

Boundaries

• The effect on the site classificationof the way in which the site
boundarieshave been drawn is probablyminimal in ST5. In most cases
the fullextentof blown sand has been covered. The rocky areas
includedwithintheboundariesare an integralpartof the site and
there can be no groundsfor their exclusion,eventhough they hardly
qualifyas "softcoast".Whilstman-madefeatureshaveoftenbeenused
as the site boundary, these usually coincidewith some natural
feature,suchas a breakin slopeor a watercourse.All sitesinclude
somebayheadduneformationand a well developedhinterland.Thereare
streamsin most sites and rocky outcrops in all sites with the
exceptionof Dunnet.

Land-use

Land-use in 5T5 is mainly agriculturalbut, in contrast to the
previoustypes,there is comparativelylittle evidence of arable
activitywhichwas onlyrecordedin 1.1%of quadrats (Crossapoland
Gunna, Gallanachand Pabbay only). This can be compared with
ST1=27.1%,3T2=4.7%,3T3=3.9%,5T4=4.1%,ST6=0.0%and 5T7=10.1%).Only
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one quadratat Sannawas lostdue to a standingcropbeingpresent at
thetimeof survey- andthenonlya hayfield.Grazingin ST5.isquite
heavy,withno grazingin 7.4%of quadrats,light grazing.in 24.6%,
moderategrazingin 52.7%and heavygrazingin 15.3% (cf. 3T2 with
13.5%,40.8%,31.4%and 14.3%,or 3T6 with 5.3%, 5.8%, 33.3% and
55.6%,thelattersitetypebeingexceptionallyheavily grazed). The
proportionof grazinganimalsis cattle (70.6%),sheep (77.5%) and
rabbit(59.2%).Thesefiguresmay be comparedwith 54.2%, 48.5% and
54.2%for 5T2and 29.3%,56.5%and 89.3%for 3T6.Man-madefeaturesof
notein 3T5arewall (2.1%),fence (2.9%),vehicle track (7.6%),
unsurfacedpath(11.0%),spentcartridge(1.0%),plantedtrees (1.2%)
and rubbish(12.0%,thisis a verylow figure).Aquatic habitats are
relativelycommonin 3T5withditchesand streams of various types
beingmostfrequent,e.g.loch (1.1%),stream (1.5%),flush/spring
(1.1%),dried-uprut (1.7%),dried-upditch(5.2%,butnearly all at
punnetin 32%of quadrats!)and dried-upsaltmarshpan or creek
(1.3%).
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8.4.6 Site Type 6

Name - North Coast, bayhead,well drained type

List of Sites in 5T6

Site no. & name Geographicalregion Size (ha)

58 Farr Bay North Sutherland 29
60 Melvich North Sutherland 42

General Descriptionand Relationshipwith other Site Types

This type comprisesonly two sites (2.1%), located close together
(onlyseparatedby Strathy)on the North Sutherlandcoast. The sites
are small, Farr Bay 29ha and Melvich 42ha (mean 35ha). Both sites are
bayheadsystemswith dune developmentconfinedto the central part of
the bay. In both cases there is a stream (at Melvich quite a large
river)skirtinground one side of the dune system to discharge into
the sea. The stream is on the west side at Farr and on the east at
Melvich,the oppositeside having sand built up against the hillside
and extendingquite a long way up the slope. Alluvialareas round the
streamssupport trees and shrubs in an almost carr type of community.

As alreadynoted, 5T6 is intermediatebetweenST2, ST3 and ST5. It
resembles5T2 by virtue of its base-richhabitats,as exemplified by
having 45% of base-richdune grasslandD1 (FarrBay also has 4% of
D4). ST6 is relatedto the truncated,active sites in 5T3 by having a
moderateproportionof unstablehabitats- B.3%, c.3% and D3=15% with
a total of 21% (cf. 13% in ST2, 34% in 5T3 and 11% in ST5). Finally,
it is part way along the acidic trend to ST5 (and thence to ST7, 5T8,
5T10 and ST9) as evidencedby the presenceof a small proportion of
acidic vegetation types, e.g. G2=7%, 03=4% and G7=3%. Examined
individually,Farr Bay is seen to be more similarto 5T2 and ST3, with
68% of D1 and fewer acid vegetationtypes,whereasMelvich is closer
to ST5, with only 21% of D1 and a larger,more varied complement of
acid types.

The differencebetween5T6 and ST5 in terms of preferential species
have already been discussedin Section 8.3.2 (step 10). An examination
of the preferentialspecies for the comparisonwith ST2 leads to the
same conclusionas that drawn from the vegetationtypes (see above).
Preferentialto 5T2 are such species as Anth llis vulneraria,22.0% in
5T2 and 5.5% in 5T6, Carex nigra (23.5%and 3.9%),C nosurus cristatus
(28.0%and 11.7%), Luzula cam stris (32.7% and 14.9%), Polygala
vulgaris(22.3% and 5.5%), Prunella vul aris (46.8% and 20.2%),
Rhinanthusminor (26.7%and 5.0%) and Trifolium ratense (51.2% and
22.4%).Severalof these species have markedlywestern,as opposed to
northern,distributions.Conversely, preferential to ST6 are such
species as A rostis tenuis 35.5% in sT6 and 10.0%in 5T2, Anthoxanthum
odoratum (33.2% and 13.3%), Centaurea ni a (48.2% and 17.7%),
Dact lis lomerata (25.8%and 3.7%),Primula veris (21.8% and 0.0%)
and Ranunculusre ens (21.7%and 10.8%).
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The othervalid-comparisonis with3T3.Preferentialto 3T3 are such
species..asCam anularotundifolia,25.2%in 3T3 and 10.0% in 3T6,
Carexarenaria(41.9%and 16.5%),Cirsiumarvense(43.2% and 19.5%),
Cirsiumvulare (26.0%and 5.6%)andTaraxacumspp. (46.0%and 17.1%).
Otherless'frequentpreferentialsfor3T3 are "weed" species, e.g.
Geraniummolle,M osotis arvensis,Plantao ma or, Poa annua and
Sagina rocumbens.Conversely,preferentialto ST6are a longlist of
species,thehigherfrequencyonesbeingAnthoxanthumodoratum, 33.2%
in ST6and 16.4%in ST3,Daucus carota (24.1% and 0.5%), Plantago
maritima(28.4%and 6.0%),Potentillaerecta(16.0%and 2.0%),Primula 
TiTi.7.(21.8%and 5.1%),Rumexacetosa(44.1%and 13.6%)and Thalictrum 
minus(32.9%and 13.0%).Otherless common species which mark the
differenceare Drabaincana,Gentianellaamarella,Knautia arvensis
and0 trois halleri.

Despitetheobvioussimilarityof thetwo sites in ST6, there are
quitelargewithin-typedifferences.Withsucha smallsamplefor ST6,
it is necessaryto be cautiousabout drawing too firm conclusions
aboutitscharacteristics.In practicalterms, the attitude to be
adoptedtowardsthe type depends on whether there are additional
sites,notincludedin thesurvey,thatwouldfitintothissitetype.
Becausethesitesin ST6tendto be small,theanswerto thisquestion
is yes,theremay be furthersitesof thistypebuttheyare likelyto
be foundonlyon thenorthcoastof Scotland.

VegetationTypes

As,,,alreadynoted,base-richdunegrasslandD1 is stillthemost common
vegetationtypein 5T6,with45%of quadratsallocatedto it .(cf.
3T2=58%,3T3=33% and BT5=40%).The second most common type is
semi-stabledunegrasslandD3, with 15% of quadrats (cf. ST2=6%,
3T3=25%and5T5=6%).Slightlyacid,dampgrassland01 has a frequency
of 10%(cf.ST2=7%,ST3=7%and ST5=15%).Other more acid Grassland
typesare62 (7%),63 (4%)and G7 (3%).Damp,base-richdunegrassland
D4 occursin 2% of quadrats(FarrBayonly) and wet, slightly acid
dunegrass1)5in 9%, this latter type being associatedwith the
streams.Minoritytypesareone quadratof M1 at FarrBayand one of
52 at Melvich.

Attentionhas alreadybeendrawnto differencesin the proportionof
vegetationtypesat thetwo sites,withFarrBayhavingmore D1 (68%,
comparedwitha meanof 45%) and Melvich having less (21%). The
differencein thelattersiteismadeup by Grasslandtypes G1 (18%,
Mean 10%),02 (14%,mean7%),03 (8%,mean4%)and67 (5%, mean 3%).
The unstablevegetationtypesarecloselysimilar in the two sites
(seeTable4).

VascularPlants

ST6 is moderatelyspecies-rich,with a mean of 21.0 species per
quadratand 33 specieswitha frequency•of 20% or more. The most
commonspeciesareFestucarubra(84.6%),Trifoliumre ns (76.8%)and
Plantao lanceolate(75.3%).Ammohilaarenaria occurs in 33.5% of

. quadrats cf. ST2=3.2%,ST3=53.2and ST5=46.5%).

Thereis a fairdegree of comparabilitybetween the frequencyof
speciesin the two sites.Interestingexceptionsare Taraxacums .
30% at Farrand 4% at Melvich, Cerastiumatrovirens 33% and 0 ,
Pim inellasaxifra (33%and 0%),Ononisrepens (31% and 0%), and
Knautiaarvensis(23%and 0%).In the other direction,common (or
indeedexclusive)in Melvichbut lessso at Farr are Juncus effusus
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(28% and 4%), Potentillaerecta (32% and +), Festuca ovina (27% and
4%), Galium saxatile (27%and 4%), Vicia sepium (26% and 4%) and
Cirsium lustre (28% and 0%).'Thespecies that are characteristic of
Farr Bay can be interpreted as mostly reflecting cultivation and
disturbance(see Land-use below) whereas those more frequent in
Melvich are clearly related to the higher proportion of acidic
habitatsin that site.

Cover Types

Vascularplants were recordedfrom 97.0%of quadrats in 5T6 with a
mean cover of 86.3%. Species contributing most to this cover are
Festuca rubra (15.3%), Ammo hila arenaria (12.2%), Agrostis
stolonifera(5.8%),A rostis tenuis (4.2%) and Planta o lanceolata
(3.7%).Bryophyteswere recordedin 82.5% of quadrats with a mean
cover of 2.2% (cf. ST2 with 81.7% and 7.6%, 5T3 with 81.7% and 7.0%
and ST5 with 90.7% and 10.3%). Equivalent figure for lichens are
frequency 22.0% and cover 0.1%. As usual, the most important
non-livingcover categoryis bare sand, in 57.6% of quadratsand with
mean cover of 17.8% (cf. 5T2 with 40.8% and 12.5%,ST3 with 54.9% and
14.0%and 5T5 with 27.8%and 7.1%).Gravel (14.0%), cobbles (22.8%)
and boulders (14.6% ) all have quite high frequencyin 3T6 but amount
to little cover (0.3%,0.8% and 0.9% respectively).However, this is
the first site type in which these cover categories have frequencies
exceeding10% (with the exceptionof cobblesin ST4=11.0%).

Landforms

Both sites are situatedin small, steep sided valleys with a river
that skirts the dune formationat the mouth before entering the sea.
Blown sand extends up the valley sides even reachingthe top of quite
high sea cliffs.Some of the landforms present suggest'a glacial
origin.

General aspect is heavily biased towards north and east (78.8%
combined).Local aspect is less extreme but with north and east still
dominant (56.0%combined).Slopes are quite steep, with only 8.2%
under 1 degree, 39.2% in the 1-5 degree category,46.3% in the 5-15
degree category and 6.3% over 15 degrees. Surface types are
surprisinglyuniform,with 9.0% plane, 63.3% simpleundulating, 24.6%
complexundulatingand 3.1% broken. Elevationranges up to 200ft OD
but 64.2% of quadrats are under the 50ft contour, 24.7% in the
50-100ftzone, 1.8% in the 100-150ftzone and 9.2% in the 150-200ft
zone, this double peak being due to a plateau effect (found
exclusivelyat Farr Bay). No quadratsare more than 600m from the sea,
the majority (80.0%)being within 200m of HWMST. The strong maritime
influenceis emphasizedby 34.6%of quadratsbeing less than 50m from
the sea.

Soil Types

The more mature Deep Sandy Soil types (D56-8)are somewhatreduced in
ST6. The most common sandy type is the semi-matureD55, with 21% of
quadrats.Other immaturetypes representedare DS1 (1%),D52 (10%)and
D33 (9%).Mature sandy soils are still present in the form of D36
(14%),DS7 (10%)and DS8 (2%). There is a fair complement of Sandy
Cobble Soils at Melvich (C32,CS3, C54 and C56), totalling18% in that
site but they are not presentat all in Farr Bay. There are a few Thin
Soils at both sites (totalling9%) but the residue of quadrats are
occupiedby Peaty Soils - P52 (8%), P53 (2%), P34 (4%) and P35 (2%)
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fora totalof 18%(cf.5T2with 10%,ST3with 7% and 3T5 with 14%).

Boundaries

The boundariesof bothsitesin thistypeseem to have been rather
arbitrarilydrawn,cuttingacrosstheadjacentcroftlandrather than
followingnaturalor man-madefeatures.At Melvich, the site covers
onlyhalfthe valleyfloor,omittingthespitby theBig House.At the
northend,the siteextendsup on to the cliffbutthen the boundary
cutsacrosscroftlandand probablydoesnot followthe limits of the
blownsand.Furthersouth,the boundarydropsdownthe cliff to the
valleyfloorbutthenrisesagainto crossan activelyworked gravel
pit in glacialdeposits.At FarrBay,the site boundary follows an
equallyvaguecourse.On thewestslope,it cutsacrossthemiddle of
fieldsand the village,withsome houses and the churchyardbeing
included.On the eastside,the boundary,runsacrossthehillsidebut
doesnot reachthe upperlimitsof theblown sand, with the result
thatan areaalmostas largeas the delimitedsite has been omitted
from thesurvey.

Land-use

Bothsitesare grazedby crofters and there is enclosed croftland
adjacentto the sites.Grazingintensityfor the two sitesis similar,
withno grazingin 5.3% of quadrats,light grazing in in 5.8%,
moderategrazingin in 33.3%and heavygrazingin in 55.6%. The main
grazinganimalsare cattle(29.3%),sheep(56.5%)and rabbit (89.3%).
Otherman-madeeffectsrecordedin ST6 arewall (2.4%),fence(13.4%),
tarMacroad (1.2%),dirtroad (1.8%),vehicletrack(9.7%),unsurfaced
path (22.9%),sandquarrying(1.1%),fireevidence (6.2%, the first
timethis feature has achieved a significant level), recent
cultivation(3.7%),old cultivation(2.9%)and rubbish (26.0%).Most
of the recordedcultivationwas at FarrBay (11.0%combined).Several
aquatichabitatswere recorded in 5T6 and, in particular,puddle
(1.1%),saltmarshpan (1.1%),stream(4.3%), river (2.7%) and loch
(1.1%).
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8.4.7 Site Type 7

Name - North-westCoast,bog type

List of Sites in 3T7

Site no. & name Geographicalregion Size (ha)

53 OldshoreMore North Sutherland 117
54 Sheigra North Sutherland 19

59 Strathy North Sutherland 48

GeneralDescriptionand Relationshipwith other Site Types

The three sitesallocatedto this type (3.2%)are very different in
size, from the small Sheigra (19ha)to the much larger Oldshore More
(117ha),the mean area for this type being 61ha. All sites are located
in North Sutherland.OldshoreMore and Sheigraare on the west facing
coast,just south of Cape Wrath, and Strathy is in the middle of the
north coast (betweenFarr Bay and Melvich). The sites in 5T7 are
characterizedby havinga relativelysmall area of Ammophiladune near
the shore and sometimesthis is associatedwith tall herb communities.

As already noted, ST7 is part of an increasingly acidic trend in soil
and vegetationtypes from 5T2 to 5T5 and then on beyond to 3T8, ST10
and ST9. 5T3 and ST6 also follow this trend but are set aside by being
somewhatless stable,i.e. the relationshipis parallel rather than
linear.This means that 517 is most closely related to ST5 (less
acidic)and ST8 (more acidic) and it is with these types that
comparisonsare most informative.The relativeproportionof base-rich
dune grassland D1 in the three types illustrates the above
interpretation- 315=40%,517=23%.andST8=16%.Similar,but reversed,
trendscan be seen in slightly acid, damp grassland 01 (ST5=15%,
ST7=19%and 5T8=28%)and acid, damp grasslandG2 (ST5=7%,317=15% and
ST8=16%).The term "bog" in the type name is justifiedby presence of
10% of transitionalpeat bog Pl.

The relationshipbetween ST7 and ST8 in terms of indicator and
preferentialspecies has already been discussedin Section 8.3.2 (step
11). There is a long list of preferential species for 317, a fair
number of these being exclusive.Most can be interpretedas being bog
or marsh species but a number of tall herbs are also included.Some of
the more frequentpreferentialsfor ST7 are Carex panicea, Centaurea
nigra, Erica tetralix, Beracleum s hond lium, Juncus articulatus,
Molinia caerulea,Rumex acetosa,Senecio acobaea, Vicia cracca and
Vicia sepium.

A similarcomparisoncan be made between5T5 and ST7. Preferential to
5T5 is a fairly limitedlist of specieswith rather varied affinities,
e.g. Ammo hila arenaria,in 46.5% of quadratsin ST5 and 17.8%in ST7,
Carex flacca (28.5%and 6.8%),C nosurus cristatus(45.2%and 14.8%),
Lolium perenne (34.0%and 0.3%), Luzulacam stris (45.5% and 16.5%)
and Ranunculusbulbosus(21.2%and 1.1%).The interpretation of some
of these speciesis obvious but, for others, it is less so. By
contrast,there is a long list of species preferentialto ST7 and most
of them are easily interpreted.Bog and marsh species are in the
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majority,e.g.Achillea tarmica,16.3%a in ST7 and 4.2% in ST5,
Calthapalustris 11.9 and 5.6%), Filiendula ulmaria (16.6% and
7.1 , Juncus articulatus(29.4%and 14.7%), Phramites communis
(11.7%and'0.0%),Pediculariss lvatica(9.1% and 4.4%), Pinguicula
vulgaris(10.3% and 3.2%), Plantagomaritima (46.4% and 22.5%),
Stac a alustris(5.5%and 0.0% and Succisa ratensis (51.7% and
23.1%).Otherspeciesare tallherbs,perhapsreflectingthe reduced
grazing intensityin 5T7 (see Land-usebelow), e.g. Angelica

sYlvestris(29.6%and 6.3%),Centaureani ra (60.1% and 11.8%) and
Heracleums hondylium(29.9%and7.5%).Additionalspecies that show
an interestingpreferencefor5T7,probablybecauseof thepresenceof
a numberof specializedhabitats,includeAnthIllsvulneraria(26.9%
and 0.0%),Carexcapillaris(6.3%and 0.1%),Carexserotina(15.7%and
3.0%),Coelolossumviride(15.2%and4.1%),Dactlorchiss . (19.8%
and 9.0%), Gentianellaamarella (38.8% and 8.9%), Gentianella
campestris(5.7%and 2.0%),Hieraceumspp• (10.5%and 0.9%),Hypericum
pulchrum(6.1%and 1.6%),Listeraovata(7.3%and 0.1%),Primulaveris 
(16.9%and 0.0%),Rhinanthusminor (33.8% and 8.0%), Scilla verna 
(8.0%and 1.0%),Selainella sel inoides (24.2% and 3.4%), Vicia 
cracca(21.4%and 5.8%)andViciasepium(20.1%and 6.2%).

VegetationTypes

Themostcommon vegetationtype in ST7 is still base-richdune
grasslandD1,with23%of quadrats(cf.ST5=40%and ST8=16%),and this
ii closelyfollowedby slightlyacid,dampgrasslandG1 with 19% (cf.
5T5=15%and 5T8=28%).Thecloselyrelatedacid,dampgrasslandG2 is
the.nextmostcommontype, with 15% of quadrats (cf. ST5=7% and
5T8=16%).The stillmoreacidicvegetationtype,transitionalpeatbog
PI,was recordedin 10%of quadrats(cf.ST5=7%and ST8=5%). Unstable
vegetationtypesamountto 14%(cf. sT8=11% and ST8=22%),with D3
(10), C (1%)and B (3%).Wettervegetationtypesarewellrepresented
by slightlyacid,wet grasslandG2 (15%), wet, slightlyacid dune
grasslandD5 (6%)andwetmarshM2 (4%).Of intermediatestatus,damp,
base-richdune grasslandD4 hasa mean frequencyof 5% (cf.ST5=2%and
ST8=2%).Finally,thereis just a trace of D2 and the maritime
vegetationtypesFl, S1 and 53.

With justthreesitesin a typeit is difficultto identifydeviations
fromthe typeprofile.OldshoreMorehas an abnormallyhighproportion
of D1 (46%,cf.mean23%)andD4 (8%,cf. 5%),suggestingan enhanced
base-richinfluence,butthissitealso has a higher than average
proportionof P1 (16%,cf.mean 10%).AlsomissingfromOldshore More
are mostof the wetter,less extreme,acidic types G6, 05 and M2.
Sheigra is dominatedby GI (19%)and G2 (28%) and there is also a
considerablecontributionfromwetter,lessextremeacidictypes,e.g.
G6 (4%),05 (5%)andM2 (11%).EvenStrathycannot reallybe regarded
as typical,witha hignproportionof 03 (21%,cf. mean 10%) and B
(3%),i.e.24%of unstabletypesas comparedwith the mean of 14%.

VascularPlants

sT7 is the most species-rich site type in the survey,with an average
of 27.4speciesper quadratand 51 specieswitha frequencyof 20% or
more. (cf. 5T5 with 24.7 and 40 and 5T8 with 23.6 and 41
respectively).Themost common species in 3T7 are Festuca rubra 
(83.4%),Plantao lanceolata(81.6%),Lotus corniculatus(73.0%),
Ranunculusacris (72.3%) and Trifolium re ens (70.1%). The
comparativelylownumberof specieswitha frequencyof 70%or moreis
a resultof theextremediversityof habitatsand vegetationtypes in
thesesites.A closer examinationof the distributionof species

I.
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frequencywithin the three sites in type revealsthat Sheigra .is the
odd man out. For example,it has no Ammo hila arenariarecordedin it,
and this despite having'8%orD3!hThe'explanationhere, is that it is
the disturbanceform of D3 (see Section 7.4.3). A number .of other
species follow this trend, being quite common at Oldshore More and
Strathy but much less common or absent altogether at Sheigra, e.g.
Heracleums hond lium 23% at OldshoreMore, 62% at Strathy and 5% at
Sheigra,Thalictrumminus (52%,28% and 4%), Taraxacumspp. (37%, 28%
and 2%) Vicia sepium (32%,28% and 1%),Cam anula rotundifolia (27%,
24% and 0%) and Cerastiumatrovirens(23%, 14%and 0%). The majority )
of species do have a similarfrequencyin all three sites but a few
are commonerat Sheigra,e.g. Potentilla anserina, 8% at Oldshore
More, 3% at Strathy and 39% at Sheigra,Achillea tarmica (7%, 7% and
34%), Juncus effusus (7%, 7% and 21%), Phra ites communis (4%, 0% and
31%) and Leontodontaraxacoides(0%, 0% and 27%). It is difficult to
provide a satisfactoryexplanationfor some of these differences. For
technicalreasons connectedwith the method of sampling employed in
1975 (when Sheigrawas surveyed),the distributionof samplesin this
small and narrow (fromside to side) site was not ideal and this may
have had some influence.However,the most likely cause is the level
of disturbanceat Sheigra.This explanationis supportedby the form
of semi-stabledune grasslandD3 that was recorded (see above) and,
more directly,by the level of cultivationfound on the site. Recent
cultivationwas recordedin 5% of quadratsand old cultivationin 15%
giving a total of 20%.

Cover Types

Vascularplantswere recordedin 97.2%of quadratsin ST7 with a mean
cover of 99.3%. Species contributing most to this higp cover of
vascular plants are Festuca rubra (18.2%, cf. ST5=22.8% and
ST8=14.9%),Ammo hila arenaria(6.0%,cf. ST5=11.3% and ST8=10.4%),
Phra ites communis (4.5%,but 15%at Sheigra),Carex panicea (472%),
Molinia caerulea(3.5%), Planta o lanceolata (3.4%) and Centaurea
nigra 3. . Bryophyteswere recordedin 87.0% of quadrats with a
mean cover of 3.4%.Again, it may be significantthat bryophytes are
somewhatreducedin Sheigra,with a frequencyof 71.0%and 1.0%cover.
These figuresmay be comparedwith those for ST5 with 90.7% and 10.3%
and ST8 with 81.5%and 10.1%.Equivalentfiguresfor lichensare 32.6%
and 0.6%. As usual the most important non-living cover category is
bare sand, in 37.0%of quadratsand with mean cover of 11.0%, but
gravel (7.2% and 0.4%), cobbles(6.2% and 0.3%),boulders (10.1%.and
1.0%)and solid rock (10.4% and 1.3%) are all worthy of note,
particularlyas they are often associatedwith presenceof specialized
habitatsof various kinds. Freshwater was recorded in 12.8% of
quadratswith a mean cover of 0.8%.

idandforms

All three sites in this type consistof a bayheaddune system set at
the seaward end of a fairly steep sided valley where there is dune
formation.The dunes may be developedon same sort of glacial deposit,
althoughthe free calciumcarbonatecontent (presumablyin the form of
shell sand) shows that theremust be some marine contribution, at
least in those parts of the site that are close to the sea. Oldshore
More has 71.3% calcium carbonate,Sheigrahas 24.1%and Strathy 19.5%.
At Sheigra there is a substantialshingle and boulder bank, through
which the stream drainingthe valleyflows. OldshoreMore and Strathy
also have streamswhich have cut a channelthroughthe dunes. In the
flatter valley bottomsthere is marsh formation,e.g. Phragmitesmarsh
at Sheigra,but there are similarhabitatsin all three sites. Peat
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formationhas takenplaceon thesurroundinghillsides,particularly
on localflatterareas.Thereis oftenrock outcroppingthrough the
peat.Somesea cliffsareincludedin the sites.

The generalaspectof the sites is either south or west (90.4%
combined)butlocalaspectis ratherdifferent,showingsouth (33.9%)
and north (29.3%)to be mostcommon.As mightbe expectedon thistype
of landform,the slopesare quite steep, with only 7.1% under 1
degree.Slopesin therange 1-5 degrees (39.7%)and 5-15 degrees
(36.6%)dominatethe sites, with 16.7% steeper than 15 degrees.
Despitethe steepslopes,surfacetypestendto be quite simple and
smooth,with35.8%planeand 45.6%simpleundulating(81.4% combined)
and only 14.7%complexundulatingand 3.9%broken.Unlikethe previous
sitetypes,in whicha highproportionof quadratsare underthe 50ft
contour,thereis quitea widedistributionof elevationin ST7, with
only34.6%under50ft(cf.315=45.3%and 5T8=26.1%,the latter type
beingevenfurtheralongthe trend),50-100ftwith 23.3%, 100-150ft
with 13.3%,150-200ftwith 16.8%,200-250ftwith 7.0% and 250-300ft
with 4.9%.OldshoreMoreis themostelevatedsite and Sheigra the
mostlow lying,withno quadratsover 100ftOD. Despitethe smallsize
of thesitesin ST7,theyextendquitea longway backfrom the sea,
i.e.up to 1000m,with5.0%of quadrats.Themajorityof quadrats are
in the 100-400mzone(51.8%).

SoilTypes

In ST7 thereis quitea marked shift from soils formed on sandy
substratesto thosecomposedlargelyof organic matter, i.e. peats.
MatureDeep SandySoilsarestillquitecommonin ST7,withD56 (14%)
and DS7 (18%).LessmatureDeepSandySoilsalsoaccount for a fair
pportion of quadrats,withDS1 (2%), D32 (8%) D53 (1%) and D55
(13%).The totalfor DeepSandySoilsin ST7 (56%) can be compared
withthatforST5 (75%)or evenwiththemoreextreme ST2 (79%) and
5T4 (95%).Most of theremainderof quadratsin 5T7 are occupied by
peatysoilsof varioustypes.ThegenuinePeatySoilsaccountformost
quadrats,e.g.P31=1%,p52=10%,P33=3%,P84=7%and P35=10%,a totalof
31%.Various Thin Soils, all with peat present or with peaty
associations,makeup the residue- T37=2%,T58=3%,T59=5%and TS10=1%
for a total of 11%. As its name implies, ST7 has the largest
complementof peatysoilsof any sitetype.

Boundaries

The boundariesof thethreesitesin ST7are not very consistent.In
somecasesenclosedcroftlandhas beenincludedin the site and in
othersit has been left out. At OldshoreMore, some unenclosed,
cultivatedlandhas beenincludedwithinthe siteboundary.At Sheigra
thereis alsoa gooddealof arablelandin the sitebut at Strathyit
seemsto havebeen, as far as possible,excluded.In all sites
considerableareasof peathavebeenincluded.At Strathy,peat soils
on top of the cliffat about200ftOD haveintercalatedbandsof sand
in the profileand,presumably,thisis of windblownorigin.

Land-use

The main land-usefor thesitesin ST7 is crofting.There is a good
dealof arableusein thesesitesand 10.1%of quadratswere recorded
as showingsigns of cultivation(2.7% recent and 7.4% old). This
activitywas mostintenseat Sheigra,with20% of quadratsinvolved.
Strathyis thesiteleastaffected(3%)but,as alreadynoted,landon
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whichcultivationis most likelywas deliberatelyexcluded from this
site.Grazingintensityis somewhatreducedcomparedwith3T5,withno
grazingin 12.8%of quadrats(cf.5T5with 7.4%), light grazing in
34.2%(cf.24.6%in ST5),moderategrazingin 33.5%(cf.52.5%in 3T5)
and heavygrazingin 19.4% (cf. 15.3% in ST5). Grazing is still
lignterin ST8, with figures of 15.2%, 51.2%, 21.2% and 12.4%
respectively.Themain grazinganimalin ST7 is thesheep,with signs
recordedfrom76.3%of quadrats.Rabbitsarealsopresentin similarly
highnumbers(81.0%)but cattlearemuchless important(18.2%, and
not all in Sheigra).At OldshoreMore,11.0%of quadratsshowed signs
of use by horsesbuttherewerenonein the other sites. Moles were
particularlyprominentat Strathy,beingrecordedin 24%of quadrats,
butagainnonein the othertwo sites.Man-madefeaturesof note are
embankment(1.2%),wall (1.3%),fence(7.7%,but notat Strathy),dirt
road(1.2%),vehicle track (5.7%), unsurfacedpath (8.2%), spent
cartridges(3.7%,all at OldshoreMorewith 11.0% of quadrats)and
rubbish(18.3%).A rangeof aquatichabitatsoccurin ST7,e.g. puddle
(4.9%),rut (1.2%),ditch (3.7%),pond (2.4%),flowing ditch (2.6%),
stream(8.7%),river(1.3%),flush/spring(5.7%)and dried-up puddle
(2.5%).
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8.4.8 Site Type 8

Name - North-westCoast,montane type

List of Sites in 5T8

Site no. & name Geographicalregion Size (ha)

55 Durness North Sutherland 240

57 Bettyhill North Sutherland 176

General Descriptionand Relationshipwith otherSite Types

This site type has just two sites (2.1%)allocatedto it. Both sites
are quite large,Durness 240ha and Bettyhill176ha (mean 208ha), and
they are locatedfairly close togetheron the western half of the
north coast (NorthSutherland).The type is characterizedby having a
high proportionof blownsand over rock but, despitethe high cover of
bare sand (nearly20% and higher than any other site type), Ammophila 
is fairly sparse,occurringin 45.9% of quadratswith a mean cover of
10.4%..As the name suggests,there is a strongmontane elementin the
flora. In the case of Bettyhill, quite a large area of the site
(approximately 15%) is over 250ft OD (maximum elevation 3751t) but
Durnessis a good deal lower,with a maximum elevation of just over
175ft.The occurrenceof montane species fairly near sea level at
Durnessmay be a reflectionof high exposureat a site that is not far

from Cape Wrath. In general,the vegetationof 5T8 tends to be rather
acidic,e.g. 5% of D2, 28% of G1, 16% of G2, 5% of G3 and 5% of H.
There are dry, acidic soils of variabledepth over rock and there are
also areas of flushingrelated to the drainagepatternon the sites.

The differentiationof 5T8 from its companion in the site key has
alreadybeen discussedin Section 8.3.2 (step 11). There is a very
long list of preferentialspecies for the species- rich ST7 and these
are mostly bog or marsh species, e.g. Caltha lustris, Juncus 
articulatus,Juncus effusus,Fili endula ulmaria,Erica tetralix and
Molinia caerulea,or tall herbs, e.g. Centaurea ni a, Heracleum 
sphondylium and Senecio acobaea. One of the most conspicuous
preferentialspeciesfor 5T8 is Ammo ila arenaria,with 45.9% in ST8
as comparedwith 17.8%in ST7. Others preferentialsindicatedry, acid

conditions,e.g. Antenariadioica, Cam nula rotundifolia, Empetrum
nigrum,Erica cinerea,Pteridiuma uilinum, Veronica chamaedrs and
Veronicaofficinalis.Montane specieswhich are preferential to ST8
include Arctostah los uva-ursi, Dr as octo etala, and Juniperus 
communis.

Followingthe acid trend still further,a valid comparisoncan also be
made with ST10 - West Coast, acid, dwarfshrub type. The peaty element
is much more importantin ST10, as indicated by such preferential
species as Calluna vul aris, 45.6% in ST10 and 17.5% in ST8, Carex
echinata (14.3%and 3.1%),Droserarotundifolia(9.8%and 0.0%), Erica
tetralix(36.4%and 3.1%),Erio horum an ustifolium(17.0%and 1.5%),
Erio orum va inatum (5.1%and 0.0%), Juncus effusus (11.9%and 0.0%),
Juncus s uarrosus(16.0%and 0.0%),Molinia caerulea(35.9%and 7.7%),

Myrica gale (12.6% and 1.5%), Nardus stricta (22.3% and 4.6%),
Nartheciumossifra (11.7%and 1.5%),Potentillaerecta (50.6% and
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23.7%),andTrichohorum cesitosum (15.7% and 1.5%). Conversely,
speciespreferentialto ST8 are rather similar to those for the
comparisonbetweenST7 and ST8, e.g. dry, acid-lovingspecies and
montanespecies.Quitea number of species in the comparisonare
exclusiveto ST8,e.g.Anthyllisvulneraria(14.9%),Carex ca illaris
(13.1%),'Coelolossum viride 19.9 , Dr s octo tale (9.6%),
Gentianellacamestris (16.4%),G nadenia conosea (23.4%) and
Listeraovata 13. .

In summary,althoughit is clearthat5T8 is easilydistinguishedfrom
its relatedsitetypes,therearealsoquitebig differencesbetween
thetwositesthatconstitutethetype;Thiswill be illustratedin
greaterdetailbelow but, in general terms, Durness has greater
affinitieswith5T5or ST7whereasBettyhillshowssomefeature found
in ST10.

VegetationTypes

For thefirst and only time on the negative side of the site
classification(ST1-8),base-richdune grasslandD1, in 16% of
quadrats,is not themostcommonvegetationtypein ST8.Thisrole is
assumedby slightlyacid,dampgrasslandG1, with28% of quadrats,but
it shouldbe notedthatthe two sites are very differentin this
respect,Durness has 53% of G1 and Bettyhillhas 3%. Similar
quantitativedifferehcesoccurfor nearly all the vegetationtypes
although,qualitatively,the two sitesare quite similar,i.e. the
same'mainvegetationtypes are present but in differentamounts.
Base-richdunegrasslandD1,forexample,has a frequencyof 23% at
Durhessbut'only9% at Bettyhill(mean16.0%).Acid,dampgrasslandG2
is:alsoquitecommon,with 10%at Durnessand 21%at Bettyhill (mean
16%).Bettyhillalsohas 9% of acid, dry grassland.G3 but this
vegetationtypewas notrecordedat Durness.Transitionalpeatbog P1
occursin 5% of quadrats(Durnesswith 3% and Bettyhillwith6%). The
wetterDunelandtypes,damp,base-richdunegrasslandD4 (3%)andwet,
slightlyaciddunegrasslandD5 (3%), both occur only at Durness.
Perhapsthemoststrikingdifferencebetweenthe two sitesis in the
unstablevegetationtypes,whereBettyhillis seen to have no less
than18%of D3, 21%of C and 3% of B andDurness has none. The dry
acidelement,but of a lessextremetypethanG3, is exemplifiedby
slightlyaciddunegrasslandD2 with5% of quadrats (Durness3% and
Bettyhill6%).Finally,Bettyhillcontainsa smallamountof saltmarsh
as representedby 3% of fringing,mixedsaltmarsh52.

VascularPlants

ST8 is moderatelyspecies-rich,with 23.6speciesperquadrat(cf.ST7
with27.4and ST10with 16.6)and 39 specieswitha frequencyof 20%
or more (cf.ST7with 51 and STIOwith 28).Themost commonspeciesin
5T8 areFestucarubra(86.4%),Plantao lanceolate(75.3%)and Thymus 
drucei(74.8%).LikeST7,thereare relativelyfew species with a
frequencyof 70%or more,simplybecausethereis sucha widerangeof
vegetationtypespresent.

As mightbe expectedfrom what has already been said about the
within-sitetype variation,there are also some fairly striking
differencesin speciesfrequencybetweenthe twosites.Mostof these
are directlyrelatedto thedifferentproportionsof vegetationtypes
GI and Dl. Commonin Durness,but less so in Bettyhill,are such
speciesas Succisa ratensis(82%and 12%),Achilleamillefolium(73%
and 12%),Trifoliumratense(83%and 0%),Cam nularotundifolia(67%
and 12%), G nadeniaconosea (47%and OP, Rhinanthusminor 43 and
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0%), Veronicachamaedr.s4(10%'and0%), HelIctotrichon ubescens (40%
and 0%) and many others.Conversely,there are many fewer species that
are common in Bettyhilland less so in Durness and the absolute
frequencylevel is much lower, e.g. Cerastiumatrovirens(30%and 3%),
Em etrum ni um (21% and 7%) and Juni erus communis (27% and 0%).
Generally,the species that are more common in Durness are related to
specializedhabitatspresentin that site. Despite the vast difference
in unstablevegetationtypes, i.e. D3, C and B combinedtotal 42% at
Bettyhilland 0% at Durness,the frequencyof Ammo hila arenaria is
closely similar,48% and 43% respectively.Ammophilahas quite a high
frequencyin D1 (56.3%),D2 (85.8%),D4 (22.6%) and G3 (31.6%), so
perhaps this is not so surprising,but the similarityof cover in the
two sites,Durness (10%)and Bettyhill(11%),is rather unexpected.

Cover Types

Vascularplants occur in 98.5%of quadratsin 3T8 with a mean cover of
77.2% (cf. 317=99.3%and ST10=82.4%).However, it should be noted that
the mean cover at Bettyhillis only 55%, whereas at Durness it is 99%.
The specieswhich contributemost to this cover are Festuca rubra with
a mean cover of 14.9% (26% at Durness and 4% at Bettyhill), Ammophila
arenaria (10.4%,Durness 10% and Bettyhill 11%),Festuca ovine (5.7%)
and Succisa ratensis (3.2%).Festucaovine is the converseof Festuca 
rubra by havinghigher cover at Bettyhill(8%) than at Durness (3%).
Bryophytesoccur in 81.5%of quadratswith a mean cover of 10.1% (cf.
ST7 with 87.0% and 3.4% and ST10 with 86.1% and 12.2%)and both. sites
are quite similar in this respect.Lichenshave a frequency of 50.9%
and cover of 0.4%. Non-livingcover types are particularly important
in ST8, with bare sand in 51.4% of quadrats (Durness 30% and Bettyhill

73%) and with mean cover of 19.8% (Durness 1% and Bettyhill 38%),
gravel (20.0%and 3.3%),cobbles (26.2%and 1.9%),boulders (29.8%and
1.1%)and solid rock (3% and 0.3%). Freshwater occurs in 1.5% of
quadratswith minimal cover.

Landforms

Both sites in ST8 are borderedlaterallyby rivers. To the west of
Durness, is the Kyle of Durness,into which flow the rivers Dionard
and Grudie. To the east are the lochs Borralieand Croispol,with Loch
Lanlish actuallyin the site, all of which drain into the sea at the
north-eastcorner of the site. Bettyhillhas the River Borgie to the
west and the River Never to the east. Both these rivers and the Kyle
of Durness containextensivesandbankswhich are exposedat low tide.
The most importantfeature of both sites is the steeply slopingground
(mostlysolid rock) over which sand has been blown. Bettyhillis much
steeper than Durness but, despite this fact, sand has been blown to a
considerableheight,probablyto the top of Bettyhillat 375ftOD. It
is on this higher ground that the montane species are found. There are
numerousrock outcropsor scatteredrock fragments of various sizes
and in some hollowsthere is peat development but not to the same
extent as in ST7 or ST10. The deeper sand is usuallyat lower levels,
particularlyround the base of the "hill" that gives rise to the name,
Bettyhill.There are also cliff tops to the north and west of Durness
but these tend to be rocky, presumablybecause sand and other fine
particlesare strippedby the wind in this highly exposed situation.
There is little proper dune developmentin the type, and then only at
Bettyhill.Caves and blow holes are a feature at Durness, presumably
dissolvedout of the underlyinglimestoneand comparableto the nearby
Smoo Cave. It is not clear what effect the calcium carbonate.derived
from DurnessLimestonehas on this site, i.e. whether the calcium
carbonatein the soil is limestonefragments or shell. The calcium
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carbonatecontentof sandnearto the beachat Durnessis 20.9%and at
Bettyhill8.0%.

Becauseof thelandform,the generalaspectof ST8 tendsto be either
east (37.9%)or west (36.5%)butlocalaspectis less well defined,
withonlysouth(14.4%)beinga comparativelyrarefeature.Slopesare
moderateto steep,with67.3%beingin the range 1-5 degrees, and
23.5%in the 5-15degreecategory.Only9.2%of quadratshad a slope
of under1 degreebut,curiously,noneover 15 degrees were actually
sampled.Surfacetypesaremostlyquitesimple,with plane(44.2%)and
undulatingsimple(38.6%).Most quadratsoccurunder150ft(79.6%)but
theyextendup to the 300-350ftzone(4.5%).Themajorityof quadrats
lie in the zone100-600mfromthe sea (69.5%)buttherearesomeup to
800-1000mzone (5.0%).Thereareno quadratswithin10mof the HWMST
and only 9.5%in the 10-50mzone.

SoilTypes

In contrastto ST7,ST8is dominatedby matureDeepSandy Soils, DS6
(21%),DS7 (28%)andDS8 (5%)or a totalof 54% (cf.ST7with 14%,18%
and 0% respectivelyand a totalof 32%).As mightbe expected,mature
soilsaremore importantat Durness(69%)than Bettyhill(36%). The
converseis trueof lessmatureDeepSandySoils, with mean of DS1
(5%),DS2 (12%)andD55 (10%)or a totalof 27% (cf.ST7witha total
of 24%) but occupying45% of quadratsat Bettyhill.There are
occurrencesof SandyCobbleSoils(CS5=2%and CS6=3%)and Thin Soils
(TS3=3%and TS5=5%)in bothsites. Peaty Soils account for 8% of
quadratsin 5T8 (PS1=3%,P32=3%and P54=2%)and thiscan be compared
withST7 with 31%and ST10with 21%.

Boundaries

At Durness,mostof theareaaffectedby blownsandseemsto havebeen
includedin the site. However, for the sake of completenessthe
boundaryshouldhavebeenextendedto themarginsof LochCroispoland
LochBorralie.The boundaryof DurnessnearBalnakeilcomesveryclose
to thatof FaraidHead (3T6).The boundaryof Bettyhillis presumably
thatof the NNR and it doesseemto includeall the importantfeatures
of thesite.

Land-use

Thereare no signsof cultivationat eitherof thesitesin 3T8 (cf.
ST7 with 10.1%and ST10with 1.0%).Themainagriculturalactivity on
bothsitesis sheepgrazing,Durness(50%)and Bettyhill(70%),witha
mean of 59.8%.Cattle(mean40.8%)arealsoquite common at Durness
(63%)but lessso at Bettyhill.(18%),whichis notsurprisingin view
of the terrain.Rabbitswererecordedin 49.5% of quadrats (Durness
57%and Bettyhill42%).Grazingintensityis fairlylightin ST8,with
no grazingin 13.8%of quadrats,light grazing in 64.2%, moderate
grazingin 12.9% and heavy grazing in only 9.1%. Virtuallyall
man-madefeaturesare are relativelyinfrequentin this site type,
e.g.wall (1.5%),vehicletrack(1.5%),unsurfacedpath (1.5%), fire
evidence(3%,all at Bettyhill6%) and rubbish (4.5%), the latter
beingthe lowestvaluefor any site type. No rubbish at all was
recordedat Durness.The onlyaquatichabitatrecordedwas a streamin
two quadratsat Bettyhill(6%).
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8.4.9 Site Type 9

Name - East Coast,main type

List of Sites in 5T9

Site no. & name Geographicalregion Size (ha)

1 Torrs Warren Galloway




881
66 FerryLinks Moray Firth




200
67 Coul Links Moray Firth




167
69 Clashmore Moray Firth




106
74 Findhorn Moray Firth




199
75 Lossiemouth Moray Firth




. 834
76 Spey Bay (West) Moray Firth




127
78 Spey Bay (East) Moray Firth




53
80 Strathbeg Aberdeenshire




512
83 Forvie Aberdeenshire




720
84 Don to Ythan Aberdeenshire




464
86 St Cyrus & Montrose Angus, Fife & Lothian 448
89 Barry Links Angus, Fife & Lothian 993
90 Tentsmuir Angus, Fife & Lothian 704

General Description and Relationship with other Site Types

For anyone readingthroughthe site types descriptions sequentially,
it would, in some ways, be more logical to deal with ST10 - West
Coast, acid, dwarf shrub type, before 5T9. This is because many
featuresof 5T10, includingits geographicaldistribution, render it
more similar to the western and northern site types (ST1-ST8). The
reasonswhy ST10 has been allocatedto the predominantlyeastern part
of the site classificationare discussedin context.

East Coast,Main type 5T9 is the second most common type in the
survey,with 14 (14.9%)sites allocatedto it. The size of the sites
seems to be bimodal,with a number of sites in the 100-200harange and
others in excessof 500ha.The smallestsite is Spey Bay (East)on the
Moray Firth, with 53ha and the largest Barry Links in Fife with 993ha.
Mean for the type is 453haand is only exceededby 5T5 with a mean of
474ha.With the exception of Torrs Warren in the south-west of
Scotland,all the sites in the type are on the east coast but avoiding
the more extreme,deep estuarinesituations.

The sites in ST9 are all mainly low-lyingwith over 90% of the land
surface under the 50ft contour (the main exception is Forvie, see
Landformsbelow).In this respectit is very similar to ST1 - West
Coast, Hebridean,machair type. The sites are also generallyflat but
are not so planeas those in ST1. Most of the slopes in 5T9 are
meso-topographicin scale, i.e. they can be containedwithin the 200
sq m quadrat (14.1msides),and have their origin in the process of
dune formation.In some respects,the sites in ST9 are typified by
their hinterlandrather than by the coastal strip and many of the
sites extend a long way back from the coast.Five of the bigger sites,
Torrs Warren, Strathbeg, Forvie, Barry Links and Tentsmuir, have
substantialareasover 1500mfrom HWMST. Other sites,and particularly
those round the Moray Firth,are much more limited in depth, with
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FerryLinks,CoulLinks,Clashmore,SpeyBay (West),Spey Bay (East)
and Don to Ythanextendingno furtherthan800minland. Some of the
smallersitesmay not coverthefullextentof blownsand but it is
difficult to separate the effects of truncation and inherent
instability.

The shellcontentof thesandhas an importantbearing on 5T9. Only
threeof the siteshavean appreciableproportionof free calcium
carbonate- Ferry Links (9.6%),Coul Links (8.0%) and Strathbeg
(16.6%).BarryLinksandTentsmuiryieldedsampleswithjust over 1%
calciumcarbonatebutall therestare under1%.Thesamplesused for
analyseswere takenfromquadratsas nearto theseaas possible,with
the addedstipulationthat there should be little or no organic
content.However,becausethesearetheonlysampleswhich have been
so far analysed,it is not certain how far inland high calcium
carbonatelevelsextendand howimportantarethe effectsof leaching.
In the caseof Strathbegand Coul Links, there is, however, good
evidencethatthe effectis morethancoastal.Both sites contain a
smallproportionof base-richdunegrasslandD1 (Strathbeghas 14%and
CoulLinkshas 3%),theonlysitesin 5T9whichsupportthisprimarily
westernandnorthernvegetationtype.Furtherinvestigationusing the
ordinationof sitesshowsthatStrathbegand Coul Links are rather
extremewithin3T9,havingsomeoverallsimilaritieswithST6 - North
Coast,.bayhead,well drained type. The common factor here is
presumablythe combinationof base-richandmoderatelyacid habitats
alongwithfreedrainage.Therearealsosome similaritieswith the
relatedtypesST5and ST7. Despite the moderate calcium carbonate
contentof the coastalsandat FerryLinks,thereis no evidence that
its influenceextendsinlandor has anyeffecton thestatus of this
sitewithinST9.

The differentiationof ST9fromits companiontypein the site key,
ST10,hasalreadybeendiscussedin Section8.3.2(step12) in terms
of the indicatorand preferentialspecies.Itwas notedthat most of
thespeciespreferentialto ST9 areindicativeof dry,acidconditions
and,to some extent, disturbance,e.g. A ostis tenuis, Carex
arenaria,Galiumsaxatile,H ochoeris radicata,Rumex acetosella,
Senecio acobaeaand Ulex europaeus.Conversely,preferentialto ST10
thereis a longlistof species some of which are indicativeof
wetter,peatyconditions,e.g.A ostis canina, Carex nigra, Carex
panicea,Ericatetralix,Eu hrasiaofficinalisa .,Moliniacaerulea,
Nardus strictaand Succisa ratensis,whilstother species are more
generallyindicativeof western,oceanicconditionsand high calcium
carbonatesoils,e.g.Bellis rennis, Linum catharticum,Plantago
lancedlata, Prunella vul aris and Thymus drucei.

BecauseST9 is at the extremeendof thedry,acidtrendin the site
classification(ST10is a combinationof wet acid and base-rich
oceanic)thereis no othercloselyrelated site type with which a
validcomparisoncan be made.Boththe othereastcoasttypes,5T12 -
EastCoast,truncatedtypeandST13- East Coast, Firth type, are
primarilycoastalsiteswithlittleof the hinterlandthat typifies
ST9.5T12is characterizedby instability(with 66% of unstable
vegetationtypes) and ST13 by saltmarsh(with 30% of Saltmarsh
vegetationtypes).Theresidueof quadratsin thesetypesis made up
mainlyby slightlyaciddunegrasslandD2 alongwithlesseramountsof
acid,dry grasslandG3, the vegetationtypethatis so typicalof ST9
(occupying53%of quadrats).

I.
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VegetationTypes

As alreadynoted, the most Common vegetationtype in 3T9 is dry, acid
grassland03 with 53% of quadrats.Other site types on the positive
side of the site classification(3T9-5T14)contain only comparatively
small amounts of this vegetationtype - ST10=12%,3T12=1% and ST13=6%.
Althoughprimarilyan easternvegetationtype, 03 does occur in small
amounts in the western and northernside of the site classification
(ST1-3T8)- ST1=+, ST2=0%,3T3=1%, ST4=1%, ST5=2%,3T6=4%,5T7=0% and
3T8=5%..Thenext most common vegetationtype in 5T9 is slightly acid
dune grasslandD2, with 11%. Again this is a primarily eastern type
but with some examplesin the south-west,e.g. 3T3 with 10%. Unstable
vegetationtypes D3 (10%),C (8%)and B (2%) account for 20% of the
quadratsin ST9 (cf. 3T8 with 22% or ST12 with no less than 66%). All
other vegetationtypes have frequenciesof less than 5%. Base-rich
dune grasslandD1 (1%) occurs in just two sites,Coul Links (3%) and
Strathbeg (14%) (see discussionabove).Damp, base-richdune.grassland
04 (+) occurs only in the same two sites with 3%in each and further
confirmsthe influenceof calciumcarbonaterich sand in these sites.
Other Dunelandvegetationtypes which have low frequenciesin 3T9 are
D5 (+) and D6 (1%). Slightly acid, damp grassland 01, which so
typifiedthe more acid northernsites,e.g. ST5=15%,ST6=10%,317=19%
and ST8=28%,is relativelyunimportantin ST9 (1%),occurringin just
four sites.Acid, damp grassland02 is similar,with a mean frequency
of 1%. It only occurs in three sites, but, interestingly,one of these
is Coul Links with 10% (cf. ST5=7%,ST6=7%,#S17=15%and ST8=16%).
Acid, wet grassland07 has a frequencyof 3%in ST9 (in seven sites),
a feature that is shared with 5T6 - North Coast, bayhead,well drained
type. Apparently sites in ST6 and 5T9 both contain the rather
specializedhabitatthat supportsG7 but why this should be so is not
clear. Very acid, damp grasslandG4, (3%) is exclusiveto sT9, i.e. it
occurs in no other site types, and, what is more, it only occurs in
the larger sites in the type. The status of this vegetation type is
discussedin Section 7.4.4.The wetter edaphic conditionsrequiredfor
the developmentof Peatlandtypes are not found to any extent in 3T9,
e.g. P1 (+), P2 (+) and P3 (1%) (cf. ST10 with P1=18%, P2=14% and
P3=1%). The two commonMarshlandvegetationtypes M1 (1%) and M2 (4%)
are both found in 3T9 but the contributionfrom M2 occurs mainly in
two sites, Spey Bay (West)with 26%and Strathbegwith 19%.M3, with a
mean of 1%, occurs in four sites.Both Foredunetypes, F1 (+) and F2
(+), and all five Saltmarshtypes, 31 (+), 32 (+), S3 (+), 34 (+) and
35 (+), occur in ST9 but in relatively small amounts and show no
consistentpattern.

Turning now to those sites that differ significantly from the
vegetationtype profilefor ST9, Strathbeg,with only 5%of G3 (mean
53%),can immediatelybe singledout as a rather atypical site. As
already discussed,there is evidenceof base-rich sand at Strathbeg
and this is thoughtto be the most likely explanationfor the 14% of
D1 and 3%of 04 recordedthere.Strathbegis unusual in having 19% of
M2 (mean 4%) and is also relatively unstable with 38% of unstable
vegetationtypes (D3=14%,C=22% and B=2%) comparedwith a mean for the
type of 20%. Spey Bay (West)is also rather atypicalof 5T9, with only
18%of 03 (mean 53%) but made up by an above average proportion of
wetter vegetationtypes,07 (18%,cf. mean 3%), M1 (4%, cf. mean 1%),
M2 (26%, cf. mean 4%) and M3 (4%, cf. mean 3%). Extensive gravel
workingsare probablyat the root of this feature.Don to Ythan is a
rather unstablesite, with 11% of 03 (mean 10%), 32% of C (mean 8%)
and 2% of B (mean 2%) giving a total for unstablevegetationtypes of
45% (cf.mean 20%). Finally,Spey Bay (East),with 83% of 03 (mean
53%), is seen as the most extreme (dryacidic) site in ST9. It is also
the least diverse,containingonly five vegetation types. However,
this is hardly a surprisingresult for a site that has no coastline
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and consistsentirelyof hinterlandwitha pine plantationoccupying
much of'it.

VascularPlants

Comparedwiththewesternandnorthernsitetypeson thenegativeside
of the classification(ST1-ST8)whichall havea meanof at least 20
speciesper quadrat,5T9is relativelyspeciespoor,with 14.2species
per quadrat.Thisis typicalof the easternsitetypes (ST9-14,i.e.
the positivesideof thesiteclassification)- 5T10=16.6,ST11=7.8,
5T12=17.7,ST13=13.6ST14=16.7.Similarly,thenumberof species with
a frequencyof 20%or moreis equallylow,withonly22 speciesin ST9
(cf.ST10=28ST11=13,5T12=25,ST13=19and ST14=24).In the previous
sitetypedescriptions,the conventionadoptedwas thatall "constant"
species,i.e.thosewitha frequencyof 70%or over, were listed at
thispointin the text.However, 5T9 has no species that qualify
accordingto thisdefinition.Themost common species are Agrostis 
tenuis(62.2%),Poapratensis(50.1%),Carexarenaria(50.0%),Festuca
rubra (47.3%),Holcus lanatus (46.5%),Festuca ovina (41.7%),
Anthoxanthumodoratum( 1.4%)and Callunavul ris (41.3%).Ammophila
arenariawas recordedin 36.8%of quadratswith a fair degree of
uniformityacrossthesitetype,exceptthat it was totally absent
fromSpeyBay (West)and SpeyBay (East)andalsooccurredin only 14%
of quadratsat theadjacentLossiemouth.Spey Bay (West),for some
reason,alsolacksCarexarenaria.In general,the two SpeyBay sites
and Strathbegexhibitmost of theanomolousspecies frequencies,or
actualomissions,butthisis onlyto be expected in view of their
ratheratypicalstatuswithinST9 (seeabove).

Co.verTypes

Vascularplantswererecordedfrom98.1%of quadratsin ST9 with a
mean coverof 88.7%(cf.ST10 with 96.8% and 82.4% respectively).
Specieswhichcontribute.mostto this cover are Calluna vul ris
(9.9%,butonlypresentin 41.3%of quadrats),Ulex euroaeus (8.0%,
but onlypresentin 23.9%of quadrats),Ammo ila arenaria (6.9%),
Festucarubra(6.1%),A rostistenuis(5.1%),Pinus s lvestris (4.5%)
but onlycommonat two sites - Ferry Links, with 21% cover•and
Lossiemouth,with 38%), Festuca ovina (4.4%) and Carex arenaria
(3.8%).Thereare comparativelylargebetween-sitecover differences
formanyspecies,e.g. Calluna vul aris with 21% cover at Torrs
Warren,FerryLinks(22%),CoulLinks(10%);Clashmore(23%),Findhorn
(18%),Lossiemouth (9%) Spey Bay (East) (5%) and Forvie (23%), whereas
in the restof thesitesin 5T9 it doesnot exceed2% cover.There is
a similarsituationwithUlex- Clashmore(16%),SpeyBay (West)(24%)
and Spey Bay (East)(45%)and in the restof thesitescoveris 5% or
less.The coverof Ammohilaarenariais moreevenly distributedbut
thatfor Festucarubrais lessso. Otherextreme examplesare Pinus
contortawith30%coverat SpeyBay.(East)andPinusnigrawith 17%at
Lossiemouth.The coverof all threepinespeciesis largelya man-made
effect.

Landforms

As alreadynoted,thesitesin thissitetypeare either large, over
500ha,or samewhatsmaller,in the 100-200harange,witha mean size
of 453ha.Withtheexneptionof TorrsWarrenin the south-west,the
sitesare distributedovermost of thelengthof theeastcoast, from
theMorayFirthto the Firthof Forth.In theMorayFirthmostof the
sitesare smallerand,withtheexceptiohof Lossiemouth,are 200haor
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less. The Moray Firth sites contain raised beach deposits composed
primarilyof fairlycoarse shingle but may also include a variable
proportionof sandymaterial. These deposits are thought 'to have
originatedwhen the sea level was higher than it is now. The maximum
elevationin all these rather flat sites is under 50ft and most of
them have sand blown up against or on to the top of the raised
platforms.This resultsin the presenceof arenicolousvegetationwell
above sea level. By contrast,the three sites on the northerncoast of
Aberdeenshire,Strathbeg,Forvie and Don to Ythan, are less flat
(TorrsWarren is similar).The extreme exampleof this type is Forvie,
where only 18.4%of quadratsare under the 50ft contour (23.0%in the
50-100ftcategory,55.2% in 100-150ft and 3.4% in 150-200ft). The
three sitesstill further south,St Cyrus and Montrose, Barry Links
and Tentsmuir,are again of the flat type,with no land over the 50ft
contour.Most sites in ST9 have an area of wetland behind the dune
ridge and, indeed,several have lochs,e.g. the Loch of Strathbeg.
'However,the amount of wetland varies from site to site.It is high at
Spey Bay (West)and Strathbeg and low at Coul Links, Clashmore,
Findhorn,.Forvie and St Cyrus and Montrose. There are fairly major
rivers,usually with associated tidal sandbanks, adjacent to or
cuttingthroughall sites with the exceptionof Spey Bay (East).

General aspect of the sites is heavily biased against west (3.1%),
with the other cardinalpoints beingmore or less equal. Local aspect
is similarbut less polarized,with 19.4% west. Slopes are fairly
gentle with 31.1% under 1 degree,48.4% in the 1-5 degree category,
19.4%in the 5-15 degree category and 1.1% over 15 degrees. The
steeper slopesoccur mainly on dune ridgesrather than being a major
topographicfeature.This is in sharp contrastto site types such as
ST7 and ST8 where the slopes are associated with much larger scale
landforms.Surfacetypes in ST9 are mostly simple, with 38.9% plane,

42.7% simple undulating, 16.0% complex undulating and only 2.5%
broken. As alreadynoted above, the sites are dividedinto two types
with respect to height,those that are entirelyunder the 50ft contour
and those that containhigher categoriesof land. Overall, ST9 ,has
91.4% of quadrats under the 50ft contour, 4.3% in the 50-100ft
categoryand 0.2% in 150-200ft.The distancefrom the sea to which the
sites extend inland has already been discussed above (General
Description).It was concludedthat the type was characterizedmore bY
the hinterlandthan by the coastalarea. Sites round the Moray Firth
tend to be less "deep" (about800m) than those elsewhere(over 1500m).
For the site type as a whole, 1.5%of quadratsare within 10m of HWMST
and 6.8% are in the 10-50m zone. At the other extreme, 7.9% are
1000-1500mfrom the sea and 5.1% 1500m+.Modal distance is 200-400m
with 25.2%of quadrats.

Soil Types

The most commonsoil type in ST9 is the semi-mature Deep Sandy Soil
DS5, with 30% of quadrats.Other less mature types account for a
further 12% (DS1=3%,DS2=5%,D53=3% and DS4=1%). More mature Deep
Sandy Soils are also common,with DS6 (17%),DST (10%) and DS8 (3%).
It is in ST9 that the Sand Cobble Soils achieve their greatest
importance,beingmost commonin the Moray Firth Sites.This series of
soil types accounts for 14% of quadrats (CS1=1%, CS2=1%, cs3=4.,
cs4.10, cs5=2%,cs6.1%).The occurrenceof the Sandy Cobble Soils is
usuallyassociatedwith the presence of raised beaches within the
site. All other soil types make a fairly nominalcontributionto ST9 -
5D2 (1%), TS3 (2%), Ts8 (2%) and T59 (1%). All the Peaty Soil types
(PS1-5)are presentwith a frequencyof 1%. The different substrate
types that occur within this site type .mean that the within-site
proportionsof many soil types variesa good deal. Spey Bay (West)and
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SpeyBay (East)are probablythemost ancmoloussites,withwellabove

averageproportionsof SandyCobbleSoils(51%and 54% respectively).

TorrsWarrenhasthemostmaturesoilswith80%of quadrats (D56=49%
and D57=31%)and Strathbegis theleastmaturewith 66% of quadrats
(DS1=14%,D52=13%,DS3=3%and DS5=36%).

Boundaries

In general,the sitesin ST9have quite reasonableboundariesthat

includemostof thesoftdeposits(mud, sand, gravel and oobbles).
Severalof thesitescontainforestryplantations(mostlypines) and

scmetreedominatedquadratswererecordedin the first year of the
survey.It hasalreadybeenargued(seeSection8.3.4)that this has
hadlittleinfluenceon the site classificationbecause the ground

vegetationin the plantationsseemsto have retained its essential
characteristicsin termsof species canplement.On the otherhand,
covermay be markedlychangedbutthe classificationdoes not depend
on thisfeature.At SpeyBay(East),the presenceof a golfcoursehas
meantthatthe coastalshinglebankhas beenexcluded and this site
has no actualcoastlinein it.The boundariesof the sitesare mostly
quitenaturalor arethe resultof a ooincidencebetweenman-made and
naturalfeatures.

Land-use

For the firsttimein the siteclassification,agricultureis not the
dominantactivityin ST9.If thefullextent of the blown sand is
oonsidered,and thatincludesareasnotsurveyed,then forestry and
recreationarethemost importantland-uses.Farmlandcanesup to the
edgeor evenencroacheson thesandyareabutthisuse is nowherenear
as intensiveas on the croftlandsin thewest andnorth of Scotland.
Largeareasof coniferousplantationhavebeenestablishedon several
of the sites,e.g.FerryLinks,Findhorn,Lossiemouth,Spey Bay (East)
andTentsmuir,andothersiteshavesmallerareasof trees. In some
cases,trees,bothconiferousand deciduous,areinvadingpartsof the
siteby naturalregeneration.Recreationaluse of the beaches,the
constructionof golfcoursesand other facilitiessuch as football
pitches,caravanparksand campingsites,are all present.Nearto the
largertowns,e.g.Montrose,industrialand residentialdevelopments
are encroachingon the dunes.

Reducedagriculturaluseis reflectedin the survey records. Recent
cultivation was recorded in 0.1% of quadrats and old cultivation in

0.5%.Onlythreesites,TorrsWarren, Clashmoreand Tentsmuir,are
involvedwiththisactivity.Grazingintensityis generallylcw, with
no grazingin 15.2%of quadrats,light grazing in 51.2%, moderate
grazingin 21.2%and heavygrazingin 12.4%.CoulLinks,Clashmoreand
Tentsmuirare more heavily grazed than average. The records of
damesticgrazinganimalsare bothlad and variable,with a mean for
cattleof 15.7%and sheep14.1%.Thereare no recordsfor domesticated
herbivoreson somesites, e.g. Clashmore,Lossiemouthand Forvie.
Rabbitsseemto be themost consistentfeature,being recorded in
80.5%of quadratsandwitha highdegreeof uniformitywithinthe site
type (onlySpeyBay (West),with 53%,is ratherlow). Sigis of deer
wererecordedin 7.3%of quadrats,themain sitesbeing Torrs Warren
(14%),FerryLinks(33%),Lossiemouth(27%)and SpeyBay (West)(15%).
As mightbe expected,a numberof man-madefeatureswere recorded in
5T9 - enbankment(2.5%),fence(3.0%),dirtroad (2.4%),vehicletrack

(10.4%),unsurfacedpath (7.4%), sand quarrying (1.7%), spent
cartridge(2.4%),otherarmament (2.3%),fireevidence (8.0%),planted
trees(16.9%),andrubbish(32.5%).Particularattentionshould be
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drawnto firewhichseemsto be a featureof thissite type. Further
discussionof theinterpretationof firepvidence and role pf this
factorin determiningseveral of the vegetationtypes appears in
Section7.4.5.in oonnectionwithwet peatbogP2. Finally,'thereare
a few recordsof variousaquatichabitatsin ST9 but only dried-up
ditch(1.1%)exceeds a mean of 1%. Certain sites are, however,
conspicuousfor containinga rangeof suchhabitatsin small amounts,
e.g. TorrsWarren,CoulLinks,SpeyBay (West),SpeyBay (East),Don
to YthanandBarryLinks.



Scottish Coastal Survey

SITE TYPE 10

43
45

565 7sa 596061

5




63

65





2






67






68.







75 „”





72
71

25 '° 78




79
BO






8/

mu:ass








82






83






84





MILILXV4






849






87






88





89





ICIOW




90




LO

GLASGOW
0

0 0.

MILLS

1

94
93

92 95

I.

I.

I.

I.

I.

38
39

_

33a° 037

2

50



-243-

8.4.10 Site Type 10

Name - West Coast, acid, dwarf shrub type

List of Sites in STIO

Site no. & name

3 Laggan Bay
7 Oronsay
8 Garvard
9 Kiloran Bay
50 Redpoint
64 Sandwood
70 MorrichMore

Geographicalregion Size (ha)

*Colonsay,etc. 352
*Colonsay,etc. 352
*Colonsay,etc. 256
*Colonsay,etc. 112
Wester Ross 122
North Sutherland 91
Moray Firth 817

*Colonsay,Islayand Kintyre

GeneralDescriptionand Relationshipwith other Site Types

There are seven sites (7.4%)allocatedto STIO, the mean area of which
is 283ha.Most sites are of moderate size, in the range 100-400ha, but

the extremesare Sandwoodwith 91ha and Morrich More with 817ha. This
is one of the site types that does not have a discrete geographical
distributionand, in this respect,it is like 5T3 and ST5. Four out of
the seven sites are located in the south-west (Islay and Colonsay),
two more are on the north-westooast of the Scottishmainlandand the
last site is on south side of the Dornoch Firth on the east coast.The
commonfactor in this distributionis oceanic climate,all the sites
beinglocated in Birse'sHyperoceanicsub-section(01), although the
boundaryof this climatictype actuallycuts across Morrich More on
the east coast.

As with ST9, the sites in ST10 are typifiedby their hinterlandrather
than by the coastalfringe.They are also similarto 5T9 with respect
to the inland extent of the sites, the minimum depth of the sites
being 600m with a maximum of 1500m+at MorrichMore. This feature is
not so pronouncedas in ST9, where five out of the 14 sites have
substantialareas (up to 25%) over 1500mfrom the sea. The sites in
ST10 are not nearly so low-lyingand flat as those in ST9 (with the
exceptionof Forvie) and only Morrich More has all its surface under
the 50ft oontour.Kiloran Bay and Redpointare most extreme in this
respect,with about 75% of their surface above the 50ft contour (see
Landformsbelow).There is a strong acidic, peaty element in ST10,
with high frequenciesof a number of Ericaceousshrubs but lacking the
tallershrubs and trees that are quite oommon in ST9. There is a
marked developmentof Peatlandvegetationtypes in parts of the sites
- PI with 18%, P2 with 14% and P3 with 1%, giving a total of 33% for
the type. This is higher than for any other site type (cf. ST5 with a
total of 7%, ST7 with 10%, 8T8 with 5% and ST9 with 1%). This peaty
elementis supplementedby some drier,acidic habitats,e.g. 03 with
12%of quadratsand the mildly acidic D2 with 6%. However, despite
these strong,acidic influences,which combineto cause the largely
western,oceanic ST10 initiallyto be classified with the eastern
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types(onthe positive side of the first division of •the site
classification),therearealsobase-richhabitats present, e.g. DI
with 11%.Noneof thesiteshas coastalsandthatis devoid of free
calciumcarbonatebut the valuefor threeof the sitesis quitelow -
LagganBay (2.1%),Redpoint(4.1%) and Morrich More (5.1%). Other
siteshavemuch higher values, e.g. Oronsay (60.8%) and Garvard
(64.1%).

The comparisonbetween 5T10 and ST9 in terms of indicatorand
preferentialspecieshasalreadybeendiscussedin the descriptionof
the lattersitetype (seeSection8.4.9).It was notedthatthere was
a verylonglistof speciespreferentialto STIOmostof whichreflect
thewetterand peatyconditionsin thistype, e.g. A ostis canina,
Carex nigra, Carex panicea, Erica tetralix,Eu hrasia officinalis

Moliniacaerulea,Nardus strictaand Succisa ratensis,whilst
othersaregenerallyindicativeof westernoceanicconditionsand hig11
calciumcarbonatesands,e.g. Bellis rennis, Plantao lanceolata,
Prunellavul arisandThymus drucei.

Theotherrelatedsite type,withwhichST10may be compared,is ST8
(andto a lesserextentST7).Thereis a long list of preferentials
for ST8,a numberof whichdo not havea readyinterpretation.Someof
thespecies preferentialto 3T8 are indicative of specialized
habitats,e.g. themontaneconditionsthatare presentin this rather
rareandlocalizedsitetype.The highfrequencypreferentialspecies
(20%or more)are Achilleamillefolium,42.7% in ST8 and 16.6% in
STIO,Antennariadioica (29.4% and 1.3%), Cam anula rotundifolia
(39.4% and 16.0%), Carex nigra (58.5% and 24.4%), Euphrasia
officinalisa . (50.2%and 23.9%),Festuca rubra (86.4% and 40.9%),
Galium verum 60.0%and 24.5%),Gentianellaamarella(37.0%and 2.7%),
G nadeniaconosea (23.4%and 0.0%),Helictotrichonubescens (20.0%
and 1.6%),Hieraciumilosella(30.5%and 6.5%),H choeris radicata
(24.1% and 9.4%), Koeleria cristata (37.5% and 18.6%), Linum
catharticum(59.6%and 18.7%),Plantao lanceolata(75.3%and 35.8%),
Plantao maritima(38.2%and 15.3%),Pol ala vul aris (46.4% and
12.1%).Prunellavul ris (60.0%and 20.7%),Ranunculusacris (47.3%
and 11.1%),Rhinanthusminora . (21.7% and 1.9%), Taraxacums .
(36.1%and 14.6%),Thymus drucei (74.9%and 34.9%),Trifoliumratense
(41.7%and 1.8%),Veronica chamaedrs (21.7% and 9.3%) and Viola
riviniana (68.2% and 21.9%).Most interesting of the rather
specializedspecies that are also preferential to ST8 are
Arctostah los uva-ursi(6.1%and 0.9%),Carexca illaris (13.1% and
0.0%),Coelo ossumviride(19.9%and 0.0%), Dr as octoetala (9.6%
and 0.0%),Juni rus communis(13.7%and 1.3%),Listera ovata (13.4%
and 0.0%), Parnassia lustris (8.2% and 0.9%), Selaginella 
selaginoides(17.9%and 5.1%)and Trifoliumcam stre (5.0%and 0.0%).
Conversely,thosepreferentialto ST10are mostly species that are
indicativeof peatyconditions,e.g.Callunavul ris,45.6% in ST10
and 17.5%in ST8,Carex echinata (14.3% and 3.1%), Carex panicea
(33.8%and 12.9%),Droserarotundifolia(9.8%and 0.0%),Erica cinerea
(15.9% and 6.1%), Erica tetralix (36.4% and 3.1%), Eriophorum
angustifolium(17.0%and 1.5%),Erio orumva inatum(5.1%and 0.0%),
Galiumsaxatile(13.6%and 3.1%),Juncus effusus (11.9% and 0.0%),
Juncuss arrosus(16.0%and 0.0%),Moliniacaerulea(35.9%and 7.7%),
MyricaAale (12.6% and 1.5%), Nardus stricta (22.3% and 4.6%),
Nartheciumossifra m (11.7%and 1.5%),Potentillaerecta (50.6% and
23.7%),andTrichohorumcesitosum(15.8%and 1.5%).Of the seven
sitesin ST10,MorrichMore andKiloranBayaremost closely related
to.ST8.MorrichMorealsohassomesimilaritieswith5T9.
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VegetationTypes
••

The most common vegetationtype in ST10 is transitionalpeat. bog P1,
with 18% of quadrats,and this is closelyfollowedby wet peat bog P2,
with 14%.With the additionof 1% of flushed peat bog P3, Peatland
types account for 33% of quadratsin ST10 (cf. ST5=7%, 3T7=10% and
ST9=1%).The drier,acidic element in ST10 is representedby dry, acid
grasslandG3, with 12% (cf. 53% in 3T9), which is primarily an east
coast type. The still less acid and damper grassland types, G2 (6%)
and 01 (4%), are also presentin significantquantity.The two wetter
Grasslandtypes, slightlyacid, wet grassland06 (2%) and acid, wet
grassland07 (1%), are present in smaller amounts. Base-rich dune
grasslandD12 which is the basic vegetation in most western site
types, e.g. ST1=52%,3T2=58%,ST3=33% and ST5=40%, occupies 11% of
quadrats (cf. 3T8=16%and 3T9=1%) but does not occur in two out of the
seven sites (Redpointand MorrichMore). Slightlyacid dune grassland
D2, an eastern and south-westerntype, has a mean frequencyof 6%. The
presenceof marshy (as opposed to peat bog) conditionsis indicatedby
wet, slightlyacid dune grasslandD5 (2%) and wet marsh M2 (1%).
Unstable vegetationtypes occupy 18% of quadrats in ST10, with D3
(7%),C (8%)and B (3%). This can be oomparedwith 5T8 with 22% of
unstable types and 8T9 with 20%. Finally, all. five Saltmarsh
vegetationtypes occur in ST10 but with low frequencies,S1 (1%), S2
(1%), 33 (+), S4 (2%) and 35 (+).

In terms of its vegetationtype profile,MorrichMore is seen to be
the exception in ST10. This site only contains .9% of Peatland
vegetationtypes (all P1), comparedwith a mean of 33%, and this is
balancedby an increasein Grasslandtypes - 28% of 03 (mean 12%), 9%
of G6 (mean 2%) and 16% of 01 (mean 4%). Both D1, which is absent from
MorrichMore (mean 11%),and 1)2,in 2% of quadrats (mean 6%), are
below averagefor the type. However,several of the Saltmarsh types
are well above average,e.g. S1 with 6% (mean 1%), 52 with 5% (mean
1%) and 54 with 11% (mean 2%). In this respect Morrich More has
similaritieswith ST13 - East Coast, Firth type, but lacks the high
degreeof instabilitythat is found in this site type, with. 33% of
unstablevegetationtypes (7% at Morrich More). Further discussion of
the status of of this site appearsin Section 8.3.6. The most extreme
acid, peaty site in ST10 is Redpointwith no less than 53% of, peaty
vegetationtypes (mean 33%) and 16% of 03 (mean 12%). There is also no
baserich dune grasslandD1 at Redpointalthoughthe coastalsand does
contain 4.1% of free ealciumcarbonate.

VascularPlants

In commonwith the eastern site types, ST10 is comparatively species
poor, with only 16.6 species per quadrat and 28 species with a
frequencyof 20% or more. There is aIso only one species with a
frequencyof over 50%, namely Potentillaerectain 50.1% of quadrats.
This is mainly the result of the wide range of vegetation types that
occurs in ST10; from deep peat at one extreme, through base-rich
habitatsand on to the other extreme of saltmarsh. Not even the
versatileFestuca rubra can encompassthis range.Other commonspecies
in ST10 are Anthoxanthumodoratum (46.6%),Calluna vul ris (45.6%),
Trifolfumre ens (43.9%),Lotus corniculatus(41.3%)and Festuca rubra
0.9 . Ammo ila arenariaoccurs in 29.0 of quadratsin ST10 (cf.

ST8=45.9%and 3T9=36.8%). Generally, species frequency is fairly
consistentacross the seven sites that make up the site type. The most
obviousexceptionis Redpointwhich, as the most extreme acidic site
in the type, has low values for some species and a few are even
absent, e.g. Galium verum (0.0% cf. mean 29.5%),Bellis erennis (9%,
cf. mean 24.3%)and Linum eatharticum(2%, cf. mean 18.7%).
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CoverTypes

Vascular.plantswererecordedin 96.8%of quadratsin STIOwitha mean
coverof 82.4%.Species which contributemost to this cover are
Calluna'vulris (11.3%),Moliniacaerulea(8.2%),Ammo ila arenaria
(6.3%),Festucarubra(6.2% andFestucaovine(6.0%).Bryophytesare
quitean importantcomponentin ST10,witha frequencyof 86.1%and a
coverof 12.2%(cf.ST8 with81.5%and 10.1%respectivelyand ST9with
85.8%and 11.5%).Lichensarealsorelativelyimportant,occurringin
42.3%of quadratswitha mean cover of 0.8%. For non-livingcover
types,baresandis themost commoncategory,beingrecordedin 33.6%
of quadratswitha mean coverof 12.6%(cf.ST8 with51.4% and 19.8%
andST9with 41.4% and 11.3%).All the "harder" substratetypes
(gravel,cobblesand boulders)are present in small quantitiesbut
onlysolidrock,witha frequencyof 11.6% and cover of 2.8%, is
worthyof note.Freshwaterwas recordedin 3.1% of quadratswith a
mean coverof 0.7%.

Landforms

The presenceof peatformationsis the most distinctivefeature of
5T10.Thisprocessrequiresreasonably.flat ground with sufficient
moistureor poorlydrainedhollows.Theareawherepeat formationis
to takeplacemust alsobe reasonablyfreefromthe effects of sand
blowwhichmay eitherraisethe groundlevelandimprovethe drainage
or increasethe pH by itsshellcontent.At Laggan Bay and Morrich
More peatformationhas occurredon reasonablyflat,low-lyingground
butat Redpointmost of the peatlieson a raisedplatform,just over
50ftOD. At theother sites the peat occurs mostly amongst rock
outcropsin the higherpartsof the site and well away from the
ihfluenceof blownsand.Mostsiteshaverelativelysmall sandy bays
setamongstrocks,.theexceptionsbeingLagganBay and Morrich More
whichhavemuch longerbeachesandfew rocks.Theshoresusually have
Ammophilacovereddunesassociatedwiththemand there may also be
quiteextensiveshingle deposits.Smoothmachair plain surfaces are
not well developedexcept at Oronsay and short machair type vegetation
(mainlyD1 and 01 but can be D2) is usually limited to relatively
smallareaswithinthe site.

Aspectsare variablein STIObut thereis a tendencyforsouth(32.1%)
andwest (30.9%)to predominate.Thistrendis largely lost at the
scaleof individualquadratsbutwest (30.5%)is slightlymore common
as thelocalaspectthanthe other directions.The sites in STIO are
rather variablewith respect to slope, varying from the very flat
MorrichMore,.with86.3%of quadratsunder 1 degree slope, to the
steeplyslopingSandwood,withonly 10.7%of quadrats in this slope
categoryand with63.0%in the 5-15degreerange.OverallSTIOappears
as a sitetypewhichis characterizedby steepslopes,with only 29.6%
under 1 degree, 34.7%in the 1-5degreecategory,29.4% in the 5-15
degree categoryand 6.3% over 15 degrees. Surface type tends to be
either plane 43.2% or simple undulating32.2% with more complex types
totalling24.5%of quadrats.Altituderangesup to 250-300ftwith 0.4%
of quadratsbutwith69.5%underthe 50ftcontour.MorrichMore is the
mostlow lyingsite,with no quadratsover the 50ft contour and
KiloranBay is themost variablewith24.2%in the0-50ftzone, 21.2%
in 50-100ft,21.2%in 100-150ft,21.2%in 150-200ft,9.1%in 200-250ft
and 3.0% in 250-300ft.Redpointis characterizedby haVing 25.0% in
the 0-50ft category and the rest (75.0%) in the 50- 100ft zone
(presumablysomesortof platformeffect).As already discussed,the
sitesin ST10extenda fairlylongway fromthesea, with a minimum
depthof 600mand a maximumof 1500m+.Modaldistanceis 200-400mwith
25.1%of quadratsand the 100-600mzone accountsfor 56.1%. .
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Soil Types

Matureand immatureDeep Sandy Soils are almost equally baranced in
ST10. Immatureor semimature types, 1)32(4%), D33 (1%) D34 (1%) and
1)35(20%),accountfor 26% of quadratsand mature types, DS6 (15%),
DST (5%) and D58 (1%) total 21%. Most of the other soils in 3T10 are
peatyor have peaty influences.Overtly peaty soils, P31 (2%), P32
(4%),P33 (1%),PS4 (9%) and PS5 (5%), total 21% and Thin Soils (most
of them over rock or with a high water table), TS6 (1%), T57 (7%), T39
(2%) and TS10 (2%),account for a further 12%. There are a few
occurrencesof Beach Depositsand Sandy Cobble Soils but none of these
are particularlycharacteristicof the site type (cf. ST13 with BD
types (7%)and CS types (8%)).Finally,it should be noted that it was

not possibleto dig any soil pits at Morrich More because of the
possibledangerfrom unexplodedbombs and shells (see Table 5, where
NS=notsampled)and this amounts to 14% of quadratsin ST10.

Boundaries

The boundariesof severalsites in this site type do not reach the
limitsof the blown sand and it is not clear whether this has had 'any
significanteffect on the site classification.As already noted (see
Section 8.3.4),there is quite a large area of blown sand on the
hillsideto the north-eastof the existing site at Sandwood. This
hillsidecontainspopulationsof Dr as octo etala and other montane
speciesand it is possiblethat Sandwoodwould have allocatedto ST8 -
North-westCoast,montane type, had this area been included in the
site. The boundariesat Redpointare also rather arbitrary. However,
becauseit is not easy to determinethe limits of the blown sand in
some sites from maps alone, in most cases a reasonably sensible
boundarieshave been drawn.Laggan Bay and Morrich More are mostly
boundedby enclosedfarmlandand the rest by a mixture of man-made
boundaries,rock outcropsand steep slopes.

Land-use

The major land-usein ST10 is sheep grazingwith signs of this animal
being recordedfrom 82% of quadrats (and fairly consistentacross all
sites in the type). Cattle are rather less common, with 39.3%of
quadrats (not present at Sandwood), but "rabbits are obviously
important,being recordedin 73.8% of quadrats. Despite the high
proportionof sheep and rabbits,grazing intensity in ST10 is only
moderategrazing,with no grazing in 9.2%, light grazing in 38.7%,
moderatein 26.0% and heavy grazing in 26.1%. This rather odd
distributionof grazingintensity,with a high proportionof quadrats
lightlygrazod but still with over a quarterheavilygrazed, probably
demonstratesthe oontrastbetweenrelatively unpalatable vegetation,
e.g. dwarfshrubs, and the more grassy quadrats which are in the
minoritybut subject to considerablegrazing pressure. This type of
grazing patterncan be contrastedwith a site type in which a most of
the vegetationtypes are relatively palatable, e.g. 3T2 with none
13.5%,light 40.8%,moderate 31.4% and heavy 14.3% respectivelyor 5T4
with 4.6%, 27.7%, 48.5%and 19.3%respectively. It should be noted
that signs of deer were recordedin 10% of quadrats at Laggan Bay
(meanfor the type 1.4%).Cultivation(old)was recordedin only 1% of
quadrats(3% at Garvard and 4%at Redpoint- reclamationto grass is
the source in this latter site) thus emphasizing the comparative
unimportanceof arablefarming in ST10. Man-made featuresrecorded in
ST10 includeembankment(2.9%,but mostly at Laggan Bay),wall (2.0%),
fence (3.0%),vehicletrack (3.8%), unsurfaced path (11.7%), spent
cartridge(1.2%),other armament (3%,all at MorrichMore in 21% of
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quadrats!),fireevidence(4.6%)and rubbish(18.5%).Aquatichabitats
are quitecaamonin STIOwitha widevarietyof typesbeing recorded,
e.g.puddle(1.8%),ditch(2.4%),stream(2.4%),flush/spring(1.2%),
dried-uppuddle(2.4%),dried-uprut (2.9%).,dried-upditch (2.9%)
dried-upstream(2.6%)and dried-uppond(1.2%).
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8.4.11 Site Type 11 1.

Name - HebrideanSaltmarshtype

List of Sites in 5T11

• Site no. & name Geographicalregion Size (ha)

46 Tong Harris & Lewis 104

General Descriptionand Relationshipwith Other Site Types

There is just one site (1.1%)in
of Lewis,with an area of 104ha.
type that is not closelyrelated
possibleand the followingis a
question.

8T11, namely Tong on the east coast
As this is the only site in a site
to any other, few comparisons are
rough description of the site in

Tong is devoid of any dune communities and consists mostly of
saltmarshdevelopedon highly organic,siltysand. The saltmarsh is

backed by damp pasturewhich, in turn, grades into wet peatland. The

reasonsfor drawingthe site boundariesto include only the coastal
fringe,are not known. However,it seems likely that, whatever the
boundary, Tong would remain very differentfrom any other site in the
survey. There appears to be no significantarea of blown sand around
the Sands of Tong and the inclusionof same of the peatland on the

west side of the bay would not reallymake it similar to any other
site.

As alreadynoted (Section8.3.2),5T11 is separatedfrom ST9 and ST10

in step 6 of the key on the basis of 10 positive indicators, all of
them saltmarshspecies.With a thresholdfor the divisionof 4, 5 or
more positiveindicatorsare requiredfor allocationto 5T11. It has
also been arguedthat 5T11 appears on the positiveside of the site

classificationbecausethe only tenuousaffinityit has is with ST13 -
East Coast, Firth type, which contains 30% of Saltmarsh vegetation
types.

VegetationTypes

There is just one quadrat (3%)of slightlyacid, damp grasslandGI in

Tong. It is locatedin a slightlyraised area of upper saltmarsh34 in
the Laxdaleestuary.There are three quadrats(10%)of bare ground B,
all of them located on the spits that separatethe Sands of Tong fram
Melbost Sands. The remainderof the quadratsare occupied either by

upper saltmarshS4 (60%) or lower saltmarsh 51 (27%). No quadrats
containingmixed or transitional saltmarsh types S2 and S5 were

recordedin the survey and this is probablybecausethere are no sharp
changesin level at Tong and the chance of finding heterogeneity
occurringwithina 25 sq in quadratis low.
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VascularPlants

As might)beexpected,Tongis themostspecies-poorsitein theentire
surveywithonly7.8 species per quadrat and 13 species with a
frequencyof 20%or more.Themost commonspeciesare Glaux maritima
(76.7%),Armeria maritima (73.3%),Plantao maritima (73.3% and
Puccinelliamaritima(73.3%).Non-obligatesaltmarshspecies include
Festuca rubra (56.7%),Leontodon autumnalis (46.7%), Agrostis
stolonifera(26.7%),A ostis tenuis 20.0% and Trifoliumre ens
(13.3%)- someof these will doubtlessbe saltmarshecotypes.No
Ammo ila arenariawas recordedat Tong.

CoverTypes

Vascularplantswererecordedin 90.0%of quadrats,witha mean cover
of 72.6%.Specieswhichcontributemostto this cover are Plantago

maritima(17.4%),Festuca rubra (12.7%),Juncus rardii (12.4%),
Puccinelliamaritima (7.8%), Glaux maritima (7.4%) and Armeria

maritima(5.6%).Bryophytesoccurin 13.3%of quadratswith a mean
coverof 0.2%andequivalentfigures for lichens are 6.7% and no
significantcover.Saltmarshmud is the most importantnon-living
covercategory,beingpresentin 46.7%of quadratswitha mean oover
of 7.6%.Baresandis nextmost common,26.7%andwithcoverof 10.5%.
Silt,graveland cobblesare alsopresentbutin very small amounts.
Salinewaterhas a frequencyof 33.3%witha mean coverof 3.3%.

Landforms

20
Tongcomprisesa tidalinletwithspits enclosingthe entrance and
saltand freshwatermarsheson the inlandside.The inletdriesout at
row tide,exposingextensivemud andsandflats.A small river feeds
intothe northend of the innerbay and to the south there is the
largerRiverLaxdale.The ooursesof these rivers wind across the
Sandsof Tongto combineandexitat the southend.MelbostSands are
on the seaward(eastern)sideof thebayand theouterspitis largely
occupiedby lcwersaltmarshSI.

Generalaspectof thesiteis east (100%)but, at a quadrat scale,
only46.7%facein thisdirection.Slopesarenaturallyvery gentle,
with 70.0%under 1 degreeand the rest (30%)in the 1-5 degree range
(probablythe lowerend of the rangetoo).Surfacetype is dominated
by 90.0%plane.Thewholeof thelandsurfaceof Tong is under the
50ftcontour. Most quadrats are not far from HWMST, 10.0% are less
than 10m,43.3%in the 10-50mzone,26.7%in the 50-100m zone, 20.0%

in the 100-150mzoneand nonefurtherthanthis..

SoilTypes

Accordingto the soil classificationthatwas preparedfromthe field
datacollectedin the survey(seeSection9) themajorityof soils at
Tongare peaty.PeatySoilPS5occupies57%of quadratsand P52has 3%

(totalof 60%).This situationhas arisenbecausemostof the site is
occupiedby highlyorganicsiltwitha relativelysmallproportionof
sand.Accordingto themethodof recording,the saltmarshsoils have
all the texturaland colourcharacteristicsof peatandthisis really
quitea sensible result in the circumstances.A further 17% of
quadratsare occupiedby thematureDeepSandySoil0S6.The peaty T58
(3%)and T59 (7%) accountfor a further 10% of quadrats and one
exampleof C37 (3%)makesup the residue.
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Boundaries

The boundariesof Tongweredrawnon themap to includeonlythe soft
depositsthatformthe saltmarshand associatedspits..Possiblya
littlemoreof the rough,wet pasturebetween the two rivers could
havebeenincludedbut,strictlyspeaking,thesedo not seem to be
coastalin nature.

Land-use

Theonlyland-userecorded at Tong is grazing.The intensityis
moderateto light,withno grazingin 23.3%of quadrats,lightgrazing
in 36.7%,moderategrazingin 26.7%and heavygrazing in 13.3%. The
main grazinganimalis sheep(76.7%),withcattle(43.3%) and rabbit
(30.0%)being rather less important.The only man-made features
recordedat Tongwere unsurfacedpath(3.3%),oildeposit(10.0%) and
rubbish(16.7%).Variousaquatichabitatswerealsorecorded,e.g.rut
(6.7%)and river(3.3%),butsaltmarshhabitats,e.g.saltmarshpan.or
creek (43.3%),werein themajority.
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8.4.12 Site Type 12

Name - East coast, truncatedtype

List of Sites in ST12

Site no. & name Geographicalregion Size (ha)

81 St Fergus Aberdeenshire 368

82 Cruden Bay Aberdeenshire 16

87 Lunan Bay Angus, Fife & Lothian 68

88 Arbroath Angus, Fife & Lothian 29

91 Dumbarnie Angus, Fife & Lothian 160

94 Yellowcraig Angus, Fife & Lothian 36

General Descriptionand Relationshipwith other Site Types

There are six sites (6.4%)allocatedto this site type. The sites in
5T12 vary considerablyin size, from the smallest, Cruden Bay with
16ha, to the largest,St Fergus with 368ha (meanarea 113ha).All the
sites are locatedon the southernhalf of the east coast, between
KinnairdsHead in north Aberdeenshireand St Abbs Head on the south
side of the Firth of Forth. None of the sites occupy deep estuarine
situations. As indicated by the type name, the sites in ST12 are

truncated.Unlike 5T9, which occurs in roughlythe same geographical
region,the sites do not extend far inland. In some cases,the inland
part of the site has been lost to agricultureor other land-uses,such
as a golf courseor forestry plantation.Other sites, however, seem
always to have been narrow, coastalstrips,e.g. St Fergus and Lunan
Bay. In terms of vegetation, ST12 is characterized by a high
proportionof unstablevegetationtypes - D3 (51%),C (8%) and B (7%),
giving a total of 66%. This can be compared with the other eastern
site types 5T9 with 20% and ST13 with 34%. ST12 may also be compared
with its western and northernequivalent,ST3 - North and West Coast,
truncatedtype, which, by coincidence, also has 34% of unstable
vegetationtypes. Ammophiladune is the most important habitat.in
ST12, with this species occurringin 69.7% of quadratsand with a mean
cover of 22.6%.

The comparisonbetween5T12 and its companionin the site key, ST13,
has already been dealt with in Section 8.3.2 (step 13), with an
interpretationof the indicatorand preferential species that mark
this division.There is a long list of preferentialspecies for 5T12
and it includes such tall grasses as A o ron re ens and
Arrhenatherumelatius,which are usually indicative of low grazing
intensity.Other species seem to reflect, at least in part, the
differencein the proportionof certainhabitatsin 5T12 as compared
with 5T13, e.g. the high proportionof saltmarshin the latter type.
Preferentialto 5T12 are such species as Centaurea ni ra, Cirsium
vulgare,Dact lis lomerata, Galium verum, Heracleum s ond lium,
Koeleria cristata,Planta o lanceolataand Trifoliumre ens. As might
be expected,the species preferentialto 5T13 are mostly saltmarsh
types but also some "weeds", e.g. Geranium molle and Veronica
arvensis.

411
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The othervalidcomparisonis withST3 and this has been discussed
previouslyat somelength(seeSection8.4.3).The conclusionis that
5T3 is differentiatedby havinga longlist of preferentialspecies
thatare typical of the western machairs,e.g. Bellis rennis,
Leontodonautumnalis,Linumcatharticum,Prunellavul aris,Ranunculus
acris,Ranunculusbulbosus,Ranunculusre ns, Trifoliumratense and
Trifoliumre ens.Therearefewerspeciespreferentialto 5T12. Again
thetwo tallgrasses,A o ron re ns andArrhenatherumelatius,seem
to be particularlycharacteristicif 5T12.Alsopresentis a range of
ctherspeciesthatare limitedto,or are more common in, eastern
Scotland,e.g.Astra lus danicus,Brizamedia,Echiumvulgare,Ononis
repens,Torilis a onicaand Violahirta.Both A o ron unceiforme
and El us arenariusare preferentialto 5T12.

VegetationTypes

As alreadynoted,semi-stabledunegrasslandD3 is the most common
vegetationtypein 5T12,with51%of quadrats.This is the highest
proportionin any sitetype (cf.ST3=25%,ST6=15%and ST13=22%).With
theadditionof the otherunstabletypes, colonizingcommunitiesC
(8%)and baregroundB (7%),unstablevegetationtypesaccountfor 66%
of quadratsin ST12 (cf. ST3=34%,ST6=21%, 3T8=22%, ST9=20% and
ST13=34%).Thesecondmostoommonvegetationtypein 5T12is slightly
aciddunegrasslandD2,with 17%(atypewith a marked eastern and
south-westerngeographicaldistribution).Otherdunelandtypespresent
are base-richdunegrasslandDI (9%,usuallya western and northern
type),damp,base-richdunegrasslandD4 (1%)andwet, slightlyacid
&tinegrasslandD5 (1%).It is noteworthythatneitherCruden Bay nor
inhanBaycontainanyDl. Thisis probablyrelatedto the low levels
of,freecalciumcarbonatein the coastalsandsof these sites, 3.1%
irid1.2%respectively.Thisin oontrastto the othersitesin ST12,St
Fergus(17.9%),Arbroath(10.0%),Dumbarnie (10.1%) and Yellowcraig
(20.8%).Grasslandvegetationtypes are conspicuousby their near
absencein ST12 (cf.ST9wherethisfamilyaccountsfor over 60% of
quadrats),theonlyexamplesbeing GI (1%), G3 (1%) and 06 (+).
Disturbed,wetmarshMI occursin 4% of quadrats and may almost •e
addedto the unstablevegetationtypes.Finally,dry foreduneFl has a
frequencyof 1% butonlyoccursat CrudenBay (3%).

Themost unstablesitein STI2is probablyCrudenBay,withD3 (47%),
C (10%)and B (37%),i.e.94%of the sitelThe adjacentsiteof Lunan
Bay is similar,with 79%of D3. By contrast,themoststable site is
Dumbarnie,withD3 (24%)andC (7%),givinga totalof 31% (cf. mean
66%).Dumbarnie also has a wet element, with MI (10%) and D5 (3%). The

factthatfourout of the six sitesin ST12havesome base-richdune
grasslandD1 in them,is discussedin Section8.2.

VascularPlants

ST12is reasonablyspecies-richfor an easternsite type, with 17.7
speciesper quadrat(cf.5T9 with 14.2and ST13 with 13.6) and 25
specieswitha frequencyof 20%or more (cf.5T9with22 and ST13with
19).Themost commonspeciesin ST12areFestuca rubra (81.7%),Poa
pratensis (75.4%),Ammohila arenaria (69.7%),Senecio acobaea
(66.9%),Galiumverum (66.9%),Plantao lanceolate(54.8%),Carex
arenaria(51.6%)and Cerastiumholosteoides(50.1%).Thereis a fair
degreeof uniformityof speciesfrequencywithinthe site type. The
onlyobvioustrendis thatthelessstable northern sites, i.e. St
Fergus,CrudenBayandLunanBay,tendto havelower frequenciesfor
manyspecies(andevenabsences)as comparedwith the more stable
southernsites.
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Cover Types

Vascularplantswere recordedin 92.7%of quadratsin ST12 with a mean
cover of 92.6%.Speciescontributingmost to this cover are *Festuca
rubra (23.2%), Ammophila arenaria (22.6%), Festuca ovina (4.4%),
Arrhenatherumelatius 3.5% and A ro ron re ens (3.0%).This is the
highestfrequencyand cover for Ammophilain any site type. Bryophytes
are presentin 72.7% of quadratswith a mean cover of 5.4% (cf. 5T9
with 85.8%and 11.5%and 5T13 with 56.9%and 3.8%).Equivalentfigures
for lichensare 14.8%and 0.2%. As might be expected in such an
unstablesite type, bare sand is the most important non-living cover
categoryin 5T12, with a frequencyof 51.8% and mean cover of 17.2%
(cf. 5T3 with 54.9%and 14.0%,ST9 with 41.4%and 11.3%and ST13 with
46.6% and 14.3%).Gravel, cobblesand bouldersare all present at low
frequencies(under5%) but contributelittle cover. Neitherfresh nor
salinewater were recordedin ST12..

Landforms

The main featureof the sites in 5T12 is the substantialformation of
dunes at the seawardedge. In many cases this is backed by a fossil
cliff that may have the dunes blown againstit. Along the coast on
which these sitesoccur there are tracesof the "15ft", "25ft" and
"100ft"raisedbeaches.Several of the sites are limited at the
landwardside by a low cliff,e.g. the southernhalf of Lunen Bay, or
the site itself may be perchedon a low plateau, e.g. the northern
half of Lunan Bay. Some sites have streams or riverscrossingthem.

The generalaspect of the sites is east (66.7%)but, because there is
•such well developedlocal topography in terms of dunes and dune
ridges,local aspect is nearlyneutral.Slopes are fairly gentle,with
19.1%under 1 degree,50.5% in the 1-5 degree category,28.7% in the
5-15 degree categoryand 1.7%over 15 degrees.Surfacetypes are also
fairly simple, with 31.6% plane, 45.6% simple undulating, 18.2%
complexundulatingand 4.6% broken. None of the sites in 5T12 has
quadratsover the 50ft contourand the majorityare quite close to the
sea, e.g. 41% within 50m. Most quadrats are in the 10-200m zone
(82.0%).Dumbarnieis the site that extends furthestinland (800m).

Soil Types

As might be expected,immatureor semi-matureDeep Sandy Soils are the
dominanttype in ST12, with DS5 (56%) being the most frequent.To this
must be added DS1 (3%), D52 (9%),DS3 (4%) and D54 (4%), giving a
total of 76%. More mature Deep Sandy Soils DS6 (7%) and D57 (9%)
accountfor a further 16% (total 92%). The remaining quadrats are
occupiedby a range of soil types - BeachDeposits (1%),Sandy Cobbles
(5%),Thin Soils (3%)and Peaty Soils (1%).

Boundaries

As alreadynoted, St Fergus and Lunan Bay are thoughtto have fairly
natural boundarieswhich includemost of the blown sand. The other
sites all appear to have been truncatedto some degree by man-made
activities:Cruden Bay by a golf course;Arbroathby a railway line
backedby a golf course and agriculture; Dumbarnie by a disused
railway line and forestryplantation;and Yellowcraigby a golf course
and forestryplantations.It is impossible to say how much these
losses have affectedthe sites in question.Some of the sites might be
more similarto ST9 if their hinterland was complete but it is
difficultto be certainon this point.
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Land-use

Themain land-usefor thesitesin 5T12is as rough grazing for the
adjacentfarms.The grazingintensityis, however,quite light, with
no grazingin 23.5%of quadrats,light grazing in 35.0%, moderate
grazingin 24.6%and heavygrazingin 16.9%.Thereare bigdifferences
betweenthesitesin this respect,with Cruden Bay being largely
ungrazed(93%of quadratswith no grazing recorded)and Dumbarnie
quiteheavilygrazed (52% of quadrats heavily grazed). The most
importantdamesticherbivoreis cattle,recordedin 30.2%of quadrats
(butnoneat CrudenBayor Yellowcraig).Sheep are virtuallyabsent
fromthissitetype,witha meanof only 1.2%(allat St Fergus with
7%).Rabbitsare verycommonin 5T12,witha meanof 78.5% (but only
7%at CrudenBay).No signs of cultivationwererecordedin ST12 but
at LunanBayno lessthan12quadratswereabandonedbecausetheybore
an arablecropat the timeof survey(probablymore or less permanent
cultivation).Other man-made features recordedin the type are
embankment(1.7%,butall at Arbroath),fence (6.1%, but none at
Dumbarnieor Yellowcraig),vehicle track (6.7%),unsurfacedpath
(35.6%,a measureof recreationalpressure),spent cartridge(2.7%),
fireevidence(1.5%),plantedtrees(2.6%),rubbish(50.1%).The value
for rubbishis thehighestin thesurvey.Occasionalaquatic habitats
wererecordedin ST12,mostlyin thedried-up(atthetimeof survey)
category.
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8.4.13 Site Type 13

Name - East Coast, Firth type

List of Sites in 5T13

Site no. & name Geographicalregion Size (ha)

68 Dornoch Moray Firth 77
71 Whiteness Moray Firth 67
72 Culbin Bar Moray Firth 121
92 Aberlady Angus, Fife & Lothian 128
93 Gullane Angus, Fife & Lothian 135
95 Tyninghame Angus, Fife & Lothian 103

General Descriptionand Relationshipwith other Site Types

This site type has six sites (6.4%)allocatedto it with mean area of
105ha.The size of the siteswithin the type is remarkably uniform,
from the smallest,Whitenesswith 67ha, to the largest, Gullane with
135ha.5T13 is characterizedby containingquite a high proportion of
Ammophilacovereddune, e.g. D3 (22%),C (7%) and, to some extent, D2
(20%).Unstablevegetationtypes (D3, C and B) account for 34% of
quadratsin 5T13. The maritimeinfluenceis the other featureof this
site type,with 30% of quadratsbelongingto the Saltmarsh family of
vegetationtypes. Like ST12, most of the sites in ST13 seem to be
somewhattruncated,either by anthropogenicfactors,e.g. golf course
constructionor agriculture,or naturallyby spit formation,,as at
Whitenessand Culbin Bar. The type is confinedto the east coast where
the sites occur in two distinctgroups; three sites on the Moray Firth
and another three on the south side of the Firth of Forth - hence the
type name. The comparativelydeep estuarine situation that is the
typicallocationof the sites in ST13 is associated with relatively
low beach energy and extensivetractsof tidally exposed sand.

The differencebetween ST13 and its companionin the site key, 5T12,
has already been discussedin the context of the latter type. The
species.whichare preferentialto ST13 are mostly saltmarsh plants,
e.g. Armeriamaritima, Aster tri olium, Carex extensa, Cochlearia

officinalis, Glaux maritima, Juncus erardii, Plant o maritima,
Puccinellia maritima, Salicornia s S er ularia media, Suaeda

maritimaand Tri lochin maritima. Other preferential species are
indicativeof a significantcontribution from dry, acidic habitats
that are not present in 8T12, e.g. Aira car o h Ilea, Calluna 
vulgaris,Sedum acre, Teucriumscorodonia and Veronica officinalis.
There is also a "weed"or disturbancespecieselement in ST13, e.g.
Cerastium atrovirens, Geranium molle, Valerianella locusta and
Veronicaarvensis.

Apart from 5T12, there is no other site type with which 5T13 has a
strongrelationship.Obviouslythere is some similarity with 5T11 -
HebrideanSaltmarshtype, throughthe presenceof Saltmarshvegetation
types,but, as this type is composedof saltmarsh and little else,
this is a comparativelysuperficial comparison. It should also be
noted that 5T11 containsonly the "pure"Saltmarshtypes, 51 and S4,
whereas5T13 containsall five types (S1-55).
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A closer examinationof 3T13 reveals that the Moray Firth sites are
systematicallydifferentfrom those further south on the Firth of
Forth. The northernsites have a stronger dry, acidic element as
exemplifiedby the presenceof dry, acid grassland G3 at Whiteness
(21%)and Culbin Bar (14%).As a result, these two sites bear some
similarityto the less extrememembers of 5T9, e.g. St Cyrus and
Montroseor Barry Links (with 62% and 56% of G3 respectively).In this
respect,it is also significantthat Whiteness and Culbin Bar have
virtuallyno free calciumcarbonatein their coastal sand (0.1% in
both cases)whereas the other sites in 5T12 have modest amounts -
Dornoch (8.6%),Aberlady (6.1%),Gullane (8.4%)and Tyninghame(3.7%).

VegetationTypes

The most common vegetationtype in 5T13 is semi-stabledune grassland
D3 with 22% of quadrats.Along with colonizingcommunitiesC (7%) and
bare ground B (5%), this gives a total 34% for unstable vegetation
types. The next most common vegetation type is slightly acid dune
grasslandD2, with a mean frequencyof 20%. Although this type is
presentin all sites in the type, its quantityis extremely variable,
from I% at Tyninghameto 62%.at Gullane. Other Duneland vegetation
types are only present in small amounts,DI with 9% at Dornoch (mean
2%) and D4 with 3% at Aberlady(mean 1%). Whereas the proportionof D2
in ST13 is similar to that in 3T12 (17%), there is quite a big
differencefor DI (2% in 3T13 and 9% in 3TI2). The contributionof the
Grasslandvegetationtypes to ST13 is rather limited (but not so
limitedas for 3T12), with 6% of dry, acid grassland G3 (but, as
a4ready noted, in Whitenessand Culbin Bar only) and a small amount of
G5*, but only at Whiteness).There are also a few Marshlandtypes in
5T13, damp disturbedmarsh M1 with 4% of quadrats (the same as in
3112) and wet marsh M2 with 3% of quadrats.Turningattention now to
the maritimevegetationtypes that so characterize 3T13, Saltmarsh
types account for 30% of quadrats - lower saltmarsh SI (13%),
fringing,mixed saltmarsh32 (3%),saltmarsh/strandlinetransition 33
(4%),upper saltmarsh34 (9%)and upper saltmarsh/dune transition 35
(1%).There are also a few examplesof dry foreduneFl at Culbin Bar
and Aberlady(mean 2%).

As far as within-typedifferences in the proportion of vegetation
types are concerned, Dornoch with 49% of Saltmarsh quadrats and
Whitenesswith 43%,are seen to be the two sites with the greatest
maritimeinfluence.By contrast,Gullane has no Saltmarshtypes, being
composedlargelyof D2 (62%),D3 (27%)and C (9%). The other three
sites are intermediate with respect to their proportion of Saltmarsh
types - Culbin Bar (32%), Aberlady (22%) and Tyninghame (29%),
comparedwith a mean for the type of 30%. Tyninghame is the most
unstablesite, with 57% of unstable types (D3, C and B), and is
followedin this respect by Gullane with 37% (cf. mean 34%). As
already noted, Whiteness and Culbin Bar contain a significant
proportionof G3, not found at all in other sites in 3T13. Aberlady
has quite a strongwetland element,with 10% of M1 and 16% of M2
(total26%).These two vegetationtypes are present in all sites, with
the exceptionof Dornoch,and are usually associatedwith streams or
low-lyingground with a high water table.

VascularPlants

ST13 is quite a species-poorsite type, with only 13.6 species per
quadrat (cf. 5T12 with 17.7)and 19 specieswith a frequencyof 20% or
more (cf 5T12 with 25). There are no specieswith a frequency of 70%
or more in 3T13 but the most common species are Festuca rubra (67.4%),
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I.

I.

I.

I.



-258-

Poa pratensis (51.7%), Ammo hila arenaria (48.3%, cf. ST12 with
69.7%),Senecio 'acobaea(44.9%),Carex arenaria (32.9%),Galium verum 
(32.3%),Holcus lanatus (31:0%)and LotuSCorniculatus(30.4%). There
is a fair degree of consistencyin the frequencyof specieswithin the
site type but there is a general tendencyfor the three northernsites
to be differentfrom the three southernones, e.g. Cirsiumarvense 6%,
5% and 6% in the north (Dornoch, Whiteness and Culbin Bar
respectively)as opposed to 52%, 60% and 37%in the south (Aberlady,
Gullane and Tyninghame)and Cerastiumholosteoides22%, 3%and 17% as
opposed to 45%, 56% and 26%. Similarly,most of the "weed" speciesare
more frequentin the southernsites than in the north, e.g. Geranium 
molle (0%, 0%, 0%, 6%,17%and 10%),M osotis arvensis (0%, 0%, 0%,
6%, 10% and 13%) and Erodiumcicutarium(0%, 0%, 0%,6%,5%, and 15%).
Finally,Gullane is conspicuousby virtue of it containing virtually
none of the saltmarshspecies.

Cover Types

Vascularplantswere recordedin 95.2% of quadratsin ST13 with a mean
cover of 81.6% (cf. 5T12 with 92.7% and 92.6%). The most important
cover species in this types are Festucarubra (18.7%,cf. 5T12 with
23.2%),Ammo hila arenaria (16.3%,cf. ST12 with 22.6%),Puccinellia
maritima ( .1% and Festucaovine (3.6%).Bryophytesare less common
and yield less cover than in ST12, being recordedin 56.9% of quadrats
with a mean cover of 3.8% (cf. 72.7% and 5.4% in 5T12). The high
proportion of saltmarsh quadrats probably accounts. for this
difference.Lichensare present in 22.7% of quadratswith a mean cover
of 1.4%.These figuresshow that ST13 is the second most important
site type for lichens,being exceededonly by ST9 with 40.4% and 2.3%
respectively. Why this should be so is not clear. Non-living cover
categoriesare headed by bare sand and with a frequencyof 46.6% and
mean cover of 14.3% (cf. ST12 with 51.8% and 17.2%). Gravel was
recordedin 13.8%of quadratswith a mean cover of 3.0%, cobbles
(11.8%and 4.3%),boulders (2.5%and 0.2%) and solid rock (1.1% and
0.3%). Saltmarshmud was recordedin 8.8% of quadrats with a mean
cover of 1.7%.

Landforms

The presenceof Ammophilacovereddunes fringingat least part of the
shorelineis a featureof the sites in this type. Evidence of former
shorelinesand raised beach depositscan be observedat severalof the
sites. Well developed saltmarsh formations and their associated
landformsare characteristicof the ST13, being present in all sites
with the exceptionof Gullane.There is a marked similarity between
Whitenessand Culbin Bar on the north facingshore of the Moray Firth
and Blakeneyand Scolt Head Islandon the north Norfolk coast.

The most common generalaspect in ST13 is north (55.3%)and there are
curiouslyno east facing slopes or coastlines. In terms of local
aspect, the trend is entirelylost with south (31.4%)and west (32.4%)
being the most favouredaspects.Slopes within the type are fairly
gentle, with 40.4% under 1 degree, 37.4% in the 1-5 degree category,
19.8%in the 5-15 degree categoryand 2.3% over 15 degrees. Surface
types are quite simple,with 45.1% plane, 40.5% simple undulating,
10.8%complexundulatingand 3.6% broken. Most sites lie entirely
under the 50ft contour and only Gullane contains a significant
proportionof higher ground (0-50ft with 54.9% and 50-100ft with
45.1%).Overall,5T13 has 91.9% under 50ft and 8.1% in the 50-100ft
zone. None of the sites extend far inlandwith a maximum of 600m. The
coastalnature of these sites is emphasizedby 20.1% of,quadratsbeing
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within10mof theseaanda further31.6%in the 10-50mzone. With a
total6151.7% of quadratswithin50mof theHWMST,thisis the most
coastalsitetypein thesurvey(cf. 16.7% for ST3 and 41.0% for
ST12).

SoilTypes

The proportionof immatureand matureDeepSandySoilsis fairly well
balancedin ST13.Of thelessmaturetypes, DS5 (21%) is the most
common,withDS1 (2%),D52 (9%),1)33(+) and 1)54 (+) in lesser
amounts.ThematuretypescompriseDS6 (22%)andDS7 (13%).The total
for DeepSandySoilsis 68% (cf.ST12 with 92%). Various types of
SandyCobbleSoils,C31 (1%),C52 (1%),cs4(7%),CS5(+),cS6(+)and
CS7 (1%),and BeachDeposits,81)2(6%)and 81)3(1%),are a feature of
ST13.Virtuallyall theThinSoiltypesare present,the most common
beingT53 (2%),andTs9(4%).Two PeatSoils,P52 (3%)and PS3 (5%),
werealso recordedand some of these quadrats representsaltmarsh
soilswitha highorganiccontent.

Boundaries

All six sitesin 5T13are limitedto a fairly narrow coastal strip.
The threenorthernsitesare basedon spits,on which there is sand
dunedevelopmentwithsaltmarshbehind.At Dornochthe saltmarshhas
becomecompletelyterrestrializedand is probably inundatedon only
thehighestspringtides.Thissiteis backedby a golf course that
ma-Si:containsomeblownsand.WhitenessandCulbinBarbothhave tidal
creeksbehindthebar.Whitenesscomprisesthe spitonlyand excludes
themainlandformationsto the east.The barat Culbin is linked to
tlii math1andat thecentreof the site,behindwhichis an extensive
sandyareanow coveredby CulbinForest.A smallspitto the east of
themainbar is alsoincludedin thesite. On the Firth of Forth,
Aberladyis backed by a golf course but, as this boundary coincides
with rising ground, it is not clear how much blown sand is excluded
fromthe site.A similarsituation,witha golf course, pertains'at
Gullane,exceptthatonepartof thesiteis also curtailedby the
townof Gullane and another part by a plantation.Finally, at
Tyninghame,the site is limited by agriculture and forestry
plantations.The spitson either site of the River Tyne are, of
course,naturalfeaturesbut it wouldhavebeenpossibleto include a
muchlargersandyareawereit not for theplantations.As with ST12,
it is not clear how this truncation has affected the site
classification. It seems likely that with more hinterland present some
of thesesitesmighthaveshowngreateraffinitieswithST9 (see also
the commentsaboveon therelationshipsof CrudenBay and Lunen Bay).
It is not possibleto be more definite than this and, indeed, from a
practicalviewpoint,thereis littleneedto be so - the sitesare as
theyare at thepresenttime as far as conservation is concerned.
However,it is of considerabletheoreticalinterestto understand how
the varioussitetypesare related.It may also have some practical
applicationwhen it comesto consideringwhateffectthelossof parts
of the existingsiteswould have on them.

Land- use

The main land-use of the sites in 5T13is recreation,although,having
saidthis,severalof themare hardlyusedat all. Access to Culbin
Bar and Whitenessis difficult (yet vehicle tracks were recorded
there!).Cultivationis not an importantuse in ST13,with only 1.4%
of quadratsshowingsignsof thisactivity.Grazingintensityis also



comparativelylight,with none being recordedin 19.5% of quadrats,
light grazing in 46.5%,moderategrazingin 21.8% and heavy grazing in
12.2%. There are no marked within-typledifferences in: grazing
intensity.The grazing record is confirmedby that for the signs of
variousanimals.Cattle are the most common domestic herbivore, with
26.6% of quadrats,but there are considerable differences between
sites, Dornoch (67%)and Whiteness (73%) as compared with none in
Culbin Bar and Aberlady.Sheep were recordedonly at Dornoch (3%), or
a mean for the type of 0.5%, and horses were recorded in 2.1% of
quadrats.The rabbit seems to be by far the most important grazing
animal in ST13, being recordedin 82.4% of quadrats.Man-made features
recordedon these sites include fence (1.2%), dirt road. (2.7%),
vehicle tracks (13.4%,mostly the northern sites), unsurfaced path
(19.3%,mostly the southern sites), spent cartridge (4.9%), fire
evidence(5.2%), planted trees (2.2%), and rubbish (40.8%, more
frequentin the southernsites).A few aquatic habitatswere recorded
in ST13, the most common being, not unexpectedly, saltmarsh pan
(3.5%),saltmarshcreek(3.5%)and dried-up saltmarsh pan or creek
(3.7%).
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8.4.14 Site Type 14

Name - East Coast, estuarineshingle type

List of Sites in ST14

Site no. & name Geographicalregion Size (ha)

77 Spey Bay (Central) Moray Firth 60

GeneralDescriptionand Relationshipwith other Site Types.

This site type is represented by just one site (1.1%), Spey Bay
(Central),with an area of 60ha. This is the middle site of three
located in Spey Bay on the southernside of the Moray Firth and, in
fact, has the River Spey running throughit. The site is situated on
estuarineshingleswith seawardareas of blown sand and shingle. The
mouth of the Spey takes the form of an outwash fan with the river
broken up into numerouschannels,some of which are dry except during
spates.There are extensiveareas of ungrazedFestucarubra grassland
within the site. Along the river edges, there are damper communities
and woodland,some of which is more akin to carr. The type is
characterized by extreme instabilitybut not of the sort which occurs
in most other sites, i.e. sand blow. Most of the disturbance in Spey

Bay (Central)resultsfrom floodingand scouringat times of spate.
The disturbancefactor is exemplifiedby the site containing no less
than 60%of semi-stabledune grasslandD3, although this is largely
the disturbanceform derived in step 69 (-ve)of the vegetation type
key. This form of D3, which encompassesa wide range of variants,some
of which are close to being unclassifiable, contains no Ammophila
arenaria.Indeed,there are only two quadratsin Spey Bay (Central),
close togetherat the mouth of the river, that actually contain
Ammophila.In addition,to the D3, there are 9% of quadrats allocated
to bare ground B, giving a total for unstable (or perhaps better,
disturbance)types of 69%. Quadrat 13 at Spey Bay (Central) was
consideredto be unclassifiable, containing just four species -
Pol onum cus idatum,S m h tum tuberosum,Im atiens landulifera and
Cal ste ia se iuml Althoughvery extreme,this quadratgives a flavour
of the site, which containsall manner of odd species,some of which
occur in no other site in the survey.

Spey Bay (Central)has few affinities with any other site in the
survey and no valid comparisonsare possible.The followingis merely
a rough descriptionof the site in question,drawingattentionto its
most salient features.

VegetationTypes

As already noted, Spey Bay (Central)is dominatedby semi-stable dune
grasslandD3 (60%),mostly in its disturbanceforms, togetherwith 9%
of bare ground B. This gives total for unstableor disturbance types
of 69%. The next most common vegetationtype is shrub invaded dune
grasslandD6 (8%, the main occurrencein the surveyof this uncommon
type), followedby wet, slightlyacid dune grasslandD5 (3%).The only
Grasslandtype to occur is one quadratof dry, acid grasslandG3 (3%).
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Damp, dlisturbedmarsh M1 (disturbanceagain!) occurs in 5%of quadrats

and M2 in 1%.Wet foreduneF2 has a frequency of 5% and the upper
saltmarshtypes 34 and 35 have frequenciesof 2% and 1% respectively.
In summary,the vegetationof Spey Bay (Central)can be characterized
as being disturbedor wet or both.

VascularPlants

Spey Bay (Central)is reasonably species-rich for an eastern site
type, with a mean of 16.7species per quadratand 24 species with a
frequencyof 20% or more. As might be expected,there are no really
constantspecies,i.e. specieswith a frequencYof 70% or more, the
most common being Dact lis lomerata (48.5%),Festuca rubra (46.2%),
Cirsium arvense (42.9%),Arrhenatherumelatius (40.4%),Ulex europaeus 
(39.3%),Galium aparine (37.5%),Anthriscuss lvestris (36.9%),Urtica 
dioica (36.9%), Plantao lanceolate (36.0%), Phalaris arundinacea
(35.6%),Holcus lanatus (33.0%), Centaurea ni ra (31.5%), Holcus
monis (31.5%)and Poa pratensis (30.8%).Other specieswhich serve to
emphasizethe unique nature of this site include S m h tum tuberosum
(28.8%), Festuca arundinacea (26.8%), Heracleum mante azzianum
(26.2%),Sarothamnus sco rius (25.0%), Luzula s lvatica (24.1%),
Rubus idaeus (21.4%), Valeriana officinalis (20.8%), Teucrium

scorodonia (18.7%), Im tiens landulifera (18.1%), Mercurialis

perennis (16 1%), Salix cinerea a . (16.1%), Oenanthe crocata
(15.8%),Alnus lutinosa(13.4%),Rubus fruticosus (13.4%), Stachys 
sylvatica (13.4%),Mimulus uttatus (12.2%)and Ae o odium oda raria
(10.7%).

72,

COVer Types

Vascularplantswere recorded in 90.5% of quadrats at Spey Bay
(Central)with a mean cover of 89.9%. Species contributing most to
this cover are Festucarubra (14.1%),Ulex europaeus(12.2%),Phalaris 
arundinacea(10.2%),Arrhenatherum elatius (9.9%), Alnus lutinosa
(5.4%)and Holcusmollis (4.8%).Bryophyteshave a frequencyof 64.6%
but very little cover (only0.2%). Lichensare present in only 6.3% of
quadratswith negligiblecover. Bare sand, in 8.0% of quadrats and
with a mean cover of 1.9%,is not the most importantnon-living cover
categoryin ST14. This role is assumed by cobbles (28.5% and 12.2%)
and is closely followed by gravel (18.1% and 8.1%). Curiously,
freshwaterwas not recordedat Spey Bay (Central)but this was only
because the survey happenedto coincidewith a period of dry weather.

Landforms

The structureof the site is a flat valley floor covered by shingle
deposits.The River Spey follows an "S"-shaped course through the
area, running from south to north. Within the shingle deposit area are
dry channelswhich carry excess water in time of floods. At the
seaward side of the site, the channelsare tidal and form saltmarsh
creeks. The river mouth has recurvedspits enteringit from both the
east and west sides. The largerwestern spit encloses a lagoon-like
area. There are no proper dunes but some mobile sand occurs near the
river mouth.

The generalaspect of the site is north (100%) but local aspect is
somewhatmore diffuse,with only 55.7% of quadrats facing north.
Slopes are generallyslight,with 23.3%under 1 degree, 63.1% in the

1-5 degree categoryand 2.7% in the 5-15 degree category.There are no
slopes over 15 degrees.Surface type is generally plane (55.7%) or

I.

I.

I.

I.
I.
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simpleundulating(41.6%).The entire site is under the 50ft contour
and extendsup to 1000mfrom,thesea. Becauseof the complex:pattern
of tidal-flowwithin the site, i.e. the line on the OS map denoting
HWMST extendsabout 500m into the site, 47.3% of quadratsare'regarded
as being less than 50m from the sea, although,in this case, not the
open sea. There is a second peak in frequencyat 400-600m,with 26.8%
of quadrats.

Soil Types

Spey Bay (Central)is dominatedby one type of Sandy Cobbles Soil, CS4
with 37% of quadrats. Beach Deposits BD2 contribute another 14%,
givinga total of 51% for basically stony soils. Semi-mature Deep
Sandy Soil DS5 (13%)is the next most common type and the more mature
DS6 (9%),D57 (5%)and DS8 (3%)make up another 17%. There are also a
few examplesof Thin Soils, TS3 (7%), TS8 (2%) and T59 (3%),and some
peaty quadrats,P54 (5%) and P55 (1%).

Boundaries

The boundariesof Spey Bay (Central)are mostly formed by enclosed
farmland.On the west side this is a sharp break in slope and a fall
to the river in the valleyfloor.To the east, the slope differenceis
less marked but the boundaryis still the edge of thevalley bottom
over which the riverchannelhasmeandered in thepast. Atthe
southern(inland)end the boundaryisformed
viaduct.

by adisused railway

Land-use





The main land-useat Spey Bay (Central)is golf; the site containsthe
Garmouthand KingstonGolf Course.No domestic grazing animals were
recordedin the site but signsof rabbit and deer were noted in 9.9%
and 18.7% of quadrats respectively. Grazing intensity was
exceptionallylight,with none in 76.8% and light grazing in 23.2%
(and no heaviercategories).On the other hand, much of the vegetation
is largelyunpalatableand virtuallyall the grazing is in the Festuca
grasslandaround the golf course.Man-madefeatures recorded in the
site were dirt road (8.0%), vehicle track (8.0%), unsurfaced path
(4.7%),oil deposit (2.7%),fire evidence (3.6%)and rubbish (19.7%).
Aquatichabitatsincludeditch (2.7%),stream (2.7%), river (14.2%),
dried-uppuddle (8.9%),dried-uprut (2.7%), dried-up ditch (8.9%),
dried-upstream (5.4%)and dried-uppond (2.7%).
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8.5 Use of the Site Type Key

The key to the site classificationwhich followsis derived from the

data and analysisdescribedin Sections6.3 and 8.1. The purposeof a
key is to to provide a method by which to generalize the
classificationas producedon the computer.Basically,it is a set of
rules by which new individuals(in this ease sites),belongingto the

same populationto which the classificationrefers,may be assignedto
the establishedrange of types. In the case of ISA, the key takes the
form of a series of lists of indicator species which are used to
generatea score (a discriminantfunction)for the negotiationof the
steps in a dichotomouskey. The value of the score derived from the

site data determinesto which side (so callednegativeor positive)of
the key an individualis assigned.

As alreadynoted (see Section 6.2), a good (accurate)key is one that
can faithfullyreproducethe originalclassificationand retain this
performancewhen applied to new individualsfrom the same population.
The problemwith the "original"vegetationtype key was that it did
not generalizethe classificationwith sufficientaccuracy.There are
no such problemswith the site classificationkey, which containsonly
one misclassificationin the first four levels of division (it occurs
in level 3). This misclassificationrepresentsa 1% error and, because
of the level in which it occurs, it cannot be regardedas serious.

An examinationof the ISA from which the site classification was
derived, reveals that the key is likely to be robust in practice, i.e.

it will not be sensitiveto minor, or in some cases major, changes in

the estimates of species frequency. This is evidenced by the
polarizationof indicatorscore, i.e. for existingsites the indicator
score tends to be well below or above the threshold value for most
divisions.The practical implications of this are that, at the
samplingintensityused in the survey, it is unlikely that the key
will make mistakes. Consequently, it may be possible to reduce
samplingintensityfor new sites without running a serious risk of
incurringerrors.A reduction in sampling intensity is merely an
economymeasure if the only aim of the investigationis to classify a
site. However,for other reasons,e.g. for determiningwhat vegetation
types and species are presentand their distribution,NCC may wish to

use a higher samplingintensity.The minimum safe sampling intensity
is probablyabout 30 quadrats per site but, in the case of very small
or uniformsites, this could be reduced to 20.

It is unlikelythat NCC will use the site key as often as the
vegetationkey as the scope for classifying new sites is rather
limited.However,frequencyof use is somewhatoffset by the relative
importance of classifying sites as opposed to small areas of
vegetation.The main uses of the site classificationare seen as the
investigationof:

new sites, '

changesin boundaryto existingsites, and

disturbanceor drasticchanges in land-useon sites.

Potentialnew sites have already been mentionedby Regional Staff -
usuallyaskingwhy a particularsite was not includedin the original
survey.Changes in boundariesto sites can be hypothetical or real.
For example,when dealingwith a particularsite it is possible to
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investigate the implications of excluding certain parts or
incorporating new areas merely by re-calculating the species
frequenciesappropriatelyand applyingthem to the key. Consideration
of an extensionto a site would; of course,requireadditional survey
in the form of plant recordsfrom 25 sq m quadrats.In this case, care
must be taken to ensure that a uniform sampling intensity is
maintainedor that estimates of species frequency are corrected
accordingly.The implicationof the loss of part of a site, e.g. the
constructionof a gas terminal;can be investigatedby the key. Use
(c) is reallyan exampleof monitoring,re-surveying the site after
some major event,e.g. a drasticchange in the agricultural regime,
and applying the results to the key to see if it has been
substantiallymodifiedand, if so, in what direction.

Use of the key for the site classificationis best explainedthrougha
worked example. Assuming that % species frequencies have been
calculatedfor the site to be classified, these data can now be
applied to the key. Each step of the key consistsof a list of ten
indicatorspecieswith their quantitativequalifieror pseudo-species
in brackets.The indicators are presented in two lists, labelled
negativeand positive,and the ten indicatorsmay be divided in any
proportionbetween these two categories. The names negative and
positivehave no particularsignificanceand are merely a convention
connectedwith the method and the use of a discriminantfunction that
usually ranges from negative to positive values. Similarly, an
imbalancein the number of indicators between the negative and
positivesides has no specialsignificance.It only means that there
are more specieswhich are indicativeby their presence on one side
than the other. In theory,indicatorsare equallyindicativeby their
absence but, in practice, this can be a less reliable means of
"discrimination,e.g. a speciesmay have been overlooked in recording
or may be temporarilyabsent or inconspicuous.The presenceof species
is only subjectto the error of misidentification.

Referringto the first step in the key (step 1), the procedure is to
work throughthe indicatorsone at a time. If an indicatorspecies is
presentin the data a -1 is registeredfor each negativeindicatorand
a +1 for each positiveindicator.Taking the ten indicators for the
first step in the key, let us assume that the site to be classified
had the followingspeciesfrequencies.

I.

I.

I.

I
.

Ranunculusacris = 76%
Trifoliumrepens = 92%
Euphrasia officinalis agg.
Trifolium pratense = 52%
Chamaenerionangustifolium

Prunellavulgaris= 17%
Bellis perennis= 81%

= 32% Plantago lanceolata = 89%
Leontodonautumnalis=27%

= 0% Rumex acetosella

The scoring for this step would now go as follows: Ranunculus acris
-1, Trifoliumre ens -1, Bellis erennis -1, Eu hrasia officinalis
agg. -1, Plantagolanceolata -1, Trifolium ratense -1, Leontodon
autumnalis-1 and Rumex acetosella +1. Only Prunella vul aris and
Chamaenerionan stifoliumwere not presentwith'sufficient frequency
to score. The aggregatescore is thus -1-1-1-1-1-1-1+1=-6.This value
is comparedwith the thresholdfor the step 1 (appearing below the
list of indicators)and the decisionis,that - 6 is less than -4 and,
therefore,a move to step 2 of the key is required. This process is
repeatedfor successivesteps of the key until a site type is reached.
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8.6 Site Type Key



KEY TO SITECLASSIFICATION

I.

I.

I.
I.

I.

I.

I.

STEP1

Indicators:-

Negative Positive

Bellisperennis(40%+) Chamaenerionangustifolium(0%+)
Euphrasiaofficinalisagg. (20%+) Rumexacetoslla(0%+)
Leontodonautumnalis(20%+)
Plantagolanceolata(60%+)
Prunellavulgaris(20%+)
Ranunculusacris(20%+)
Trifoliumpratense(0%+)
Trifoliumrepens(60%+)

SCORE-4 or less	 2

SCORE-3 or more 	 3



DISTRIEUTIONOF SITES INVOLVED

IN DIVISION 1/1

1

ea t)

•

IC)fg

94 Sites

2
(negative)

3
(positive)

l aereffeer"----%

'Cag
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olio ea r)

C),g

;59Sites 135 Sites



STEP2

Indicators:-

Negative

Trifoliumrepens(80%+)

Positive

Achilleaptarmica(OW
Agrostistenuis(20%+)
Ericatetralix(0%+)
Festucaovina(0%+)
Hieraceumpilosella(0%+)
Potentillaerecta(20%+)
Pteridiumaquilinum(0%+)
Sieglingiadecumbens(20%+)
Viciasepium(OW

SCORE4 or less 	 4

SCORE5 or more 	 5



DISTRIBUTION OF SITES INVOLVED

IN DIVISION 2/1

2

(40
g4

•

59 Sites

5
(positive)1

1
1

SI
1
.1
1

4
(negative)

c'N9 oc10

Casi

i 45 Sites !14 Sites



STEP3

Indicators:-

Negative .Positive

Callunavulgaris(20%+) Cirsiumarvense(20%+)
Ericacinerea(0%+)
Ericatetralix(0%+)
Juncuseffusus(0%+)
Luzulamultiflora(0%+)
Nardusstricta(0%+)
Potentillaerecta(0%+)

“-Salixrepens(0%+)
Succisapratensis(0%+)

	

SCORE-3 or less	 6

	

SCORE-2 or more 	 7



DISTRIBUTIONOF SITES INVOLV D

IN DIVISION2/2

3

4

ft

•

35 Sites

s),

cz),

o aLI

Cig

i22 Sites 113 Sites

6
(negative) 7

(positive)



STEP4

0
Indicators:-

Negative Positive

Anagallistenella(0%+)
Carexpanicea(0%+)
Daucuscarota(0%+)
Glauxmaritima(0%+)
Leontodonautumnalis(40%+)
Lychnisflos-cuculi(0%+)
Moliniacaerulea(0%+)
Trifoliumpratense(20%+)

Cirsiumarvense(20%+)
Cirsiumvulgare(20%+)

SCORE -3 or less 	 8

SCORE-2 or more 	 9



DISTRI:BUTIONOF SITES INVOLVED

IN DIVISION 3/1

4

45 Sites

8
(negative) 9

(positive)
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33 Sites I 12 Sites



STEP 5

Indicators:-

Negative Positive

Anagallistenella(0%+)
Cynosuruscristatus(20%+)
Irispseudacorus(0%+)
Loliumperenne(20%+)
Plantagomajor(0%+)
Poaannua(0%+)
Saginaprocumbens(0%+)

Carexcapillaris(0%+)
Gentianellaamarella(20%+)
Succisapratensis(40%+)

SCORE0 or less	 10

SCORE1 or more 	 11



DISTRIBUTIONOF SITES INVOLVED

IN DIVISION 3/2

5
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40

14 Sites

10 11
(negative) (positive)

tS 27
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STEP 6

Indicators:-

Negative Positive

Armeriamaritima(20%+)
Astertripolium(20%+)
Carexdistans(0%+)
Cochleariaofficinalis(20%+)
Glauxmaritima(20%+)
Juncusgerardii(20%+)
Leontodonautumnalis(40%+)

IMM Plantagomaritima(60%+)
Puccinelliamaritima(20%+)
Spergulariamedia(20%+)

SCORE4 or less 	 12

SCORE5 or more 	 SITETYPE 11



C/qsz

Clbc

DISTRI3UTION OF SITES INVOLVED

IN DIVISION 3/3

6

C3g

22 Sites

12 Site Type11
(negative) (positive)

21 Sites 1 Site



STEP7

Indicators:-

Negative Positive

Alchemillavulgaris(0%+)
Alliariapetiolata(0%+)
Alnusglutinosa(0%+)
Anthriscussylvestris(0%+)
Calystegiasepium(01+)
Cardamineflexuosa(01+)
Carexremota(01+)
Deschampsiacespitosa(201+)
Festucaarundinacea(20%+)
Galiumaparine(201+)

SCORE4 or less

SCORE5 or more

13

SITETYPE 14



DISTRIBUTION OF SITES INVOLVED

IN DIVISION 3/4

7

1
1
1

1
.11
1
41 12 Sites 1 Site
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v otz).G2492)
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;13 Sites

C3si

13
(negative)

SiteType14
(positive)



STEP8

Indicators:-

Negative Positive

Agrostisstolonifera(60%+)
Atriplexhastata(OW
Eleocharisuniglumis(0%+)
Erodiumcicutarium(0%+)
Potentillaanserina(20%+)
Ranunculusrepens(20%+)
Saxifragatridactylites(0%+)

•--Violatricolor(20%+)

Lotuscorniculatus(60%+)
Thymusdrucei(20%+)

SCORE-3 or less	 SITETYPE 1

SCORE-2 or more 	 SITETYPE2



DISTRISUTION OF SITES INVOLVED

IN DIVISION 4/1
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STEP9

Indicators:-

Negative Positive

Arenariaserpyllifolia(0%+)
Campanularotundifolia(0%+)
Geraniummolle(0%+)
Hypochoerisradicata(0%+)
Ranunculusbulbosus(0%+)
Taraxacumspp. (20%+)
Thalictrumminus(0%+)

-- Veronicachamaedrys(0%+)

Cerastiumholosteoides(60%+)
Coeloglossumviride(0%+)

SCORE-2 or less

SCORE-1 or more

SITETYPE3

SITETYPE4



DISTRIBUTION OF SITZS INVOLVED

IN DIVISION 4/2

9
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0(//1

12 Sites

Site Type3 SiteType4
(negative) (positive)

• 7 Sites. 5 Sitep



STEP10

Indióators:-

Negative Positive

Carexpanicea(0%+)
Carexpulicaris(0%+)
Ericatetralix(0%+)

Achilleamillefolium(60%+)
Anthyllisvulneraria(OW
Euphorbiahelioscopia(0%+)
Heracleumsphondylium(20%+)
Oxytropishalleri(OW
Primulaveris(0%+)
Trolliuseuropaeus(OW

SCORE1 or less 	 SITETYPE5

SCORE2 or more 	 SITETYPE6



DISTRIBUTIONOF SITES INVOLVED

IN DIVISION 4/3
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STEP 11

Indicators:-

Negative Positive

Angelicasylvestris(0%+)
Calthapalustris(0%+)
Cardaminepratensis(0%+)
Centaureanigra(40%+)
Daucuscarota(0%+)

. Eleocharispalustris(0%+)
Epilobiumpalustre(0%+)

--Filipendulaulmaria(0%+)

Ammophilaarenaria(40%+)
Dryasoctopetala(0%+)

SCORE-4 or less

SCORE-3 or more

SITETYPE7

SITETYPE8



DISTRIEUTION OF SITES INVOLVED

IN DIVISION 4/4
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, 5 Sites

Site Type 7 Site Type8
(negative) (positive)
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QC0 t%17
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STEP 12

Indicators:-

Negative Positive

Agrostistenuis(40%+) Bellisperennis(20%+)
Chamaenerionangustifolium(0%+) Carexpanicea(20%+)

Carexpulicaris(0%+)
Droserarotundifolia(0%+)
Ericatetralix(20%+)
Moliniacaerulea(20%+)
Nartheciumossifragum(0%+)
Trichophorumcespitosum(0%+)

SCORE1 or less	 SITETYPE9

SCORE2 or more 	 SITETYPE 10



DISTRIBUTIONOF SITES INVOLVED

IN DIVISION4/5
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STEP 13

Indicators:-

Negative

Achilleamillefolium(20%+)
Campanularotundifolia(20%+)
Rumexobtusifolius(0%+)
Thalictrumminus(0%+)

Positive

Armeriamaritima(0%+)
Glauxmaritima(0%+)
Plantagomaritima(20%+)
Puccinelliamaritima(0%+)
Salicorniaagg.(0%+)
Suaedamaritima(0%+)

I.

I.
I.

I.

SCORE1 or less 	 SITETYPE 12

SCORE2 or more 	 SITETYPE 13
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9 SOIL CLASSIFICATION

9.1 Aims of the Soil Classification

The main aim of the soil classificationis to assist in producing a
comprehensiveand useful interpretationof the vegetation types (see
Section7) and also to accountfor some of the differences between
sites and site types (seeSection8). The traditionaldescriptions of
sand dune vegetationtypes are strongly influenced by successional
trends in which the progressive stabilization of sand and the
developmentof a soil profile plays a central role. The accepted
explanationfor the developmentof vegetationon sand dunes is based
largelyon generalobservation and the subjective selection of a
seriesof examplesto illustratethe hypotheses thus generated. The
ScottishCoastalSurvey,with its large number of objectively chosen
samples,providesan excellentopportunityto test the validity of
these hypotheses.

9.2 The Method of Soil Recording

Comparedwith the conventionalmethods of profile descriptionemployed
by experiencedsoil surveyors,the procedure used in the Scottish
CoastalSurvey is rathercrude and possiblyinsensitive. The reasons
for the method used are threefold.

Experiencedsoil surveyorswere not availableand the method
employedhad to be within the capabilityof peoplewho had to
do the work.

Even with experienced soil surveyors, it can be quite
difficultto achievea reasonabledegree.of reproducibility,
so the method used was designed to give as much
standardizationas possible.

It was hoped to produce a soil classification by methods
analogousto those used for the vegetationand sites, i.e. by
numericalclassification,and it is difficult to transform
conventionalsoil data into a form suitablefor this type of
procedure.

The method of soil recording that was developed to meet these
requirementsis describedin detail, with instructions on how to
implementit, in Appendix 1 - Handbookof Field Methods (pages 13 and
24-25).Basically,the method avoids the prior division of the soil
profileinto pedologicallyidentifiablehorizonsand, instead,uses a
purelyarbitrarydivisioninto 10cm thick layers. Becausemost rooting
by plantsoccurs in the top 40cm of soil, this was the maximum depth
to which the profiledescriptions were taken. In consequence, the
characteristicsof the soil were recordedin four layers - at 0-10cm,
10-20cm,20-30cmand 30-40cmdepth.In conventionalpedologicalterms,
each of these layersmight compriseone or more distinct horizons.
Thus the penaltyof this method of recordingis to blur the detail of
both horizoncharacteristicsand the depth at which they occur. Where
two or more fairly distinctivehorizons occurred in the same 10cm
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layer, all the characteristics present were recorded but with no
numericd1informationas to amount or order, i.e. recording all the
characteristicspresentas though the layer were a uniform mixture.
The accompanyingsoil profilediagramand soil smears (see Handbookof
Field Methods - oppositepage 25) were used to interpretthis sort of
situationfor individualprofilesbut there is no easy way that this
type of informationcan be incorporatedinto the numerical data on
which the soil classificationused in this report is based.

Only four types of soil characteristicsare really suitablefor visual
and tactile (feelingbetweenthe fingers)recording.

Organicmaterial- the presenceof organic (as opposed to
inorganic)materialin the soil. This was divided into four
categories or attributes: litter (undecomposed plant
remains),roots, peat and incorporated humus, the latter
being assessedby differentialcolourationand feel.

Substratetype - the inorganiccomponentsof the soil. This
makes use of the standardparticlesize fractions recognized
in soils - clay, silt, sand, gravel, cobbles,angular stone,
boulders and solid rock. The last two size categories
(boulders and solid rock) were taken to signify the
terminationof the soil profilebecause they precludefurther
digging (but not necessarily root growth). The smaller
particlesizeswere assessedby feel and the larger by visual
means.

Colour - this is a very important characteristic in the
interpretation.of soil profiles because it carries
information on the prevailing chemical process, i.e.
reductionor oxidation,and on the distribution of humus.
More particularly, it is change in colour, one 'horizon
relativeto another,that is importantand at least some of
this information is successfully incorporated into the
numericaldata. Only six basic colours were recognized -
black,grey, dark brown, light brown, yellow and white. The
recordingof multiple coloursfor a layer was permitted.

Moisturestatus - quite simply the moisture present in the
soil at the time of samplingdivided into three categories,
dry, damp and wet.

9.3 Characteristicsand Limitationsof the Soil Data

Much has already been said above to indicatethe types of data that
were collectedand their possiblelimitations. Obviously this is a
relativelycrude way to describesuch a complexand variableentityas
a soil but, as an approachto the problem,it does have its strengths.
The main advantagesof the method are simplicityand standardization.
It was not the intentionof the survey to describe each and every
profiledown to the very last detail but merely to establish the
nature of the relationshipsbetween quite widely varying vegetation
types and the soils on which they grow. If the overall trends can be
determinedby the use of such apparentlycrude data, then it will lay
a firm foundationfor more detailed studies of the plant/soil or
vegetation/soilrelationshipat some time in the future.

I.

I.

I.
I.

I.

I
.
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Particularnote should be taken of the use above of the ,phrase
"relativelycrude",becausethere areigrounds for supposingthat these
types of soil data are reallya good deal better than theY might
appear to be at first sight.Hopefully,this will become apparentwhen
the resultsof the classificationare discussed.

A number of other limitationsof the data should also be borne in

mind. The first of these limitationsis that a single soil pit in the
middle of the 25 sq m (5 x 5m) quadrat is being used to represent
conditionsthroughoutthe quadrat.In most cases this is justified by
the degreeof uniformitywithin the quadrat;a large proportionof the
25 sq m quadrats are substantially uniform with respect to both
vegetationand soil, i.e. 75-80 perhaps.Others are less uniform and
some are so complexas to defy adequaterepresentationby even a large
number of soil pits (and it would not be easy to mean the data from a
number of pits anyway).Non-uniformityin the soil is not necessarily
such a severe problemas might be expected.For example, one of the
soil types derived by analysis,and described later, is defined by
solid rock or bouldersbeingexposedat the ground surface,i.e. this

is the conditionobservedat the centre of the quadrat. Nevertheless,
this "soil type" has associations with quite a narrow range of
vegetationtypes. This rather unexpected association is possible
becausethe circumstancesunderwhich solid rock and bouldersoccur at
the surfaceobviouslydictatequite a narrow range of alternativesfor
the soil proper. In this particularcase, the soil surrounding rock
and boulderstends to be peat or peat/sand mixtures. What is also
significant,is that soils developedin these circumstances vary in
depth and moisture relationshipsover quite small distances on the
ground.Thus, where the rock is close to the surface, quite shallow
well drainedsoils have developed whilst further away, but still
within the confines of the quadrat, deep, wet peat may be found. Not

surprisingly, this combination of habitats tends to produce a
characteristicvegetationtype. Obviouslyit does not work in every
single case, a few rocks stick out of pure, blown sand, but, on
average, superficial rock at the quadrat centre does define a
particularset of edaphic conditionsover the quadrat as a whole.
There are several other examples of this type of "concealed
association"and, indeed, it would seem that the soil data have at
least some of the robustnessfound in vegetation(specieslist) data.

In practice,the soil data were quite well recordedbut, despite the
definitionsand advice given on the recognitionof variousfeaturesin
the Handbookof Field Methods, some features gave difficulty. The
distinctionbetween peat and peat/soilmixtureswas a difficult One
but humus incorporatedand the colour black or dark brown seemed to be
a rough equivalentwhen it came to numerical classification. In the
less mature soils, the decisionas to whether humus was incorporated
or not, and to what depth,proved to be a minor problem. Here again,
colourseemed to providea good substitute.Light brown colour usually
means that humus is present, whereas yellow and white generally
indicatepure mineral sand. The detection of silt when present in
appreciablequantities,also seemed to present some problems. Hence
the more highly organicsaltmarshsoils tend to be classified along
with peats,which is not an unreasonableresult on the basis of their
visualfeatures (and theirwater relationships, except that it is
saline and not freshwater).

Overall,colour provedto be quite an important factor, particularly
in the lower levels of the soil classification,i.e. after the main
types had been sortedout on the basis of substrate material and
depth.What influencemoisturecontenthad on the assessmentof colour
is not known but the effect is thought to be fairly minimal. 'This
conclusionis based on a comparisonbetweenthe colour recordedin the
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field and that of the dried soil smears on the field sheets. The
differentiationof colourswas also so coarse,i.e. six colours only,
that therewas less chance of moisture content having an influence
(cf. the use of Munsell Colour charts).

Rather surprisingly,the moisture status of the soil proved to be
quite an importantdistinguishingfeature in the lower levels, of the
soil classification.First reactionto this featurewas that it was
likely to be a meaninglessdistinction,based largelyon the weather
conditionsimmediatelybefore or at the time of sampling. However, a
closer examinationof the matter reveals that such fears are largely
unfounded.First of all, it is usually the moisture content below 10cm
that is important.At this depth there should be greater stability of
moisture contentand less effect of recent rainfall. There are also
some sites where the soils within them have been separated almost
solely on the basis of moisture content.As whole sites rarely took
more than a few days to survey, the different moisture contents are
unlikelyto have been an artefactof the weather. Finally, when it
comes to examiningthe associationbetweensoils and vegetationtypes,
there are almostinvariably quite marked differences between soil
types that have been separated purely on moisture content. These
matters are discussed further in the context of describing the
individualsoil types

At the same time that the soil profileswere recorded in the field,
(twee soil sampleswere also taken - from 5cm, 15cm and 30cm depths.
Apart from a few loss-on-ignition(LOI)determinations,which are not
discussedin this report,no other work has been done on them. The
saipplesprovidea potentialsource of informationfrom which specific
hy'pothesesconcerning the soil and its relationship with the
vegetationand other ecologicalfactorsmight be investigatedat some
time in the future.

More recently,some samples (two from each site) have been analysed to
determinetheir free calcium carbonatecontent. However, as all of
these sampleswere taken from quadratslocatedas near to the sea as
possible,with the additionalrequirement that they should contain
little or no incorporatedhumus, the resultsshed little light on the
soil classification.All they do is to show that some sites do have
high levels of calciumcarbonatein their beach (or near beach) sand
whilst others do not. To what degree this influenceextends inland is
not known for most sites. Some of these resultshave been reported on
in Section 8 (the Site Classification)and a supplement to the Main
Report,giving furtherdetails,will be producedat a later date.

9.4 Derivationof the Soil Classification

The soils were classifiedby the same method as that employedfor the
vegetationclassification,using ISA directlyon the attribute data
describedabove. The only informationadditionalto that recorded on
the fieldsheet (see Handbookof Field Methods)was where the profile
was effectivelyterminatedby the presenceof a water table. This was
coded accordingto depth in the same four layers as the other features
(codes90-93were in fact used).

One minor complicatingfactorwas that it was not possible to record
any soil profilesat Morrich More and also on part of Barry Links.
Both sites have been used in the past as firing ranges and there is a
consequentdanger from unexplodedmissiles.This means that a total of
94 out of.3,847quadrats were not sampled for soil. One further

I.

1.

I.
I.

I.

I.
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quadratcontaineda soil composedonly of ashes and domesticdebris (a
rubbish dump) which could not.be accommodatedon the soil recording
sheet. It was, therefore,consideredas unclassifiable. This. leaves
3,752quadratsfor which it was possibleto allocatea soil type. All
statisticsand significancelevels have been calculatedto this base.

The ISA was taken down to seven levels (see Figure 8), at which stage
there were 35 classes.In general,it divided rather unequally, with
several terminationson the positiveside. Four of these classes were
amalgamated,one pair becausethey involvedsuch a small number of
quadratsand were still extremely heterogeneous (see CS7) and the
other becausethe classeswere essentiallythe same, i.e. boulders at
the surface and solid rock at the surface (see TS10). The result was
33 soil types which, after further examination of their internal
propertiesin conjunction with an ordination of the types, were
dividedinto five series.These series are named as follows.

Deep Sandy Soils (DS1-DS8)

Peaty Soils (PS1-PS5)

Sandy Cobble Soils (CS1-057)

Thin Soils (TS1-T510)

BeachDeposits (BD1-BD3)

9.5 Soil Type Descriptions

9.5.1 Deep Sandy Soils (DS)

There are eight types of Deep Sandy Soil which account for 2,741 out
of the 3,753quadrats(73%)for which soil profiledata were obtained.
Becauseof their numericalsuperiority,these are is obviously the
most importantseries of soil types for understandingthe relationship
with vegetation.If there there are strong associations between soil
and vegetation,then the commonsoil types should be closely related
to the common vegetationtypes. The Deep Sandy Soil series ranges from
what is virtually"raw" mineralsand, with little or no organicmatter
present,to quitewell developed(mature)profilesin which there is a
good deal of humus incorporated down to 40cm depth (maximum soil
recordingdepth in this survey).The differenttypes almost certainly
representa developmentalserieswhich progresswith time and in the
absenceof furtherdisturbanceby sand movement. Both removal and
depositionof sand tend to keep the profile immature.Different types
of sand, i.e. siliceousas opposedto shell sand, different particle
sizes and the inclusionof weatherable minerals, are also involved
but, to what extent,it is difficult to determine without detailed
physicaland chemicalanalysisof the sand fractionitself.As already
noted, the samplesare availablebut have not been worked on yet.

Obviouslyboth the data and the soil classification derived from it
representa gross simplificationof what reallyexists. Many of the
sandy soils are quitemobile now, or have been in the past. Some
profilescontain buried soils, more recent material having been
depositedon the top, whilst others have been truncated and old
surfacesexposed.The type of soil classificationproduced inevitably
looks at generalitiesand there are often quite a number of exceptions
to the rule. These exceptionsmay be caused by a variety of events
that affect the soil and its relationshipwith the vegetationbut are
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no longerreadilyobservable.

The DeepSandySoilseries(DS1-DS8)is now describedin putative
developmentalorder.

DS1 (49quadrats)
Briefdescription- Immature(nohumus),yellowsand,dry.

Thisrelativelyuncommonsoiltypeis composedof almost pure yellow
sandwithlittleor no humuspresent(only16%of exampleshad humus
recordedin the top 10cm).Other size fractions,e.g. clay, silt,
graveland cobbles,are virtuallyabsent.All the profilesof this
typewererecordedas drydownto 20ambutmost had become damp at
40cm.ApartfromSannain thesouth-west,thisis an exclusivelynorth
and eastcoastsoiltype.Sandcolouration,i.e.ironstainingof the
sandgrains,and relativelylow rainfallare probablythe basisof the
type.

DS2 (158quadrats).
Briefdescription- Immature(nohumus),yellowsand,damp.

The onlyobviousdistinctionbetweenD41 and D52is thatthelatteris
a gooddealdamper,evennearthesurface(65%of the quadratsin 'D52
were recordedas beingdampin the 10-20cmzone).Below20cm,all the
profilesin bothtypes were recordedas being damp and this is
continueddownto 40cmwithonlyone incidenceof wet being recorded.
Whetherthisdistinctionis realor merelyan effect of the weather
immediatelypriorto sampling,i.e.it had rained in the last few
days, is not immediatelyobvious (see also DS5 and DS6). The
geographicaldistributionof DS2 is verysimilarto that of DS1, on
the northcoastandnorthernhalfof theeast coast but also in a
groupof sites in south-westScotland.However, as some of the
recordinginvolvingthe two typestypes was done in the exceptionally
hot, dry summer of 1976 and, on a number of sites recorded at this
timetherewere bothdry (DS1)and damp (D52)types, the distinction
wouldappearto be a genuineone.The factthatthereare no parallel
distinguishingfeaturesforDS1 and 1)32is only to be expected with
thisdegreeof immaturity,i.e.all puresandlooksmuch the same. In
termsof subsequentdevelopment,it wouldbe postulatedthat the two
typeswoulddiverge with time. An examinationof the associated
vegetationtypes(see Table 6) tends to confirm the distinction
between 1)51and 1)52,i.e. the types are differentas far as the plants
are concerned.

1)53(97 quadrats).
Brief description- Immature (no humus),white/yellowsand,damp.

Thistypeis similarto 1)32,with very littlehumus incorporated even
in the top 10cm(7%of profilesin the type)butwith a much higher
contentof comminutedshell which often masks the basically yellow
colour of the sand. 1)53is very characteristicof the northernhalf of
theOuterHebrides(HarrisandLewis)butdoesoccurto sameextentin
otherpartsof Scotlandwiththe exceptionof the southernhalf of the
east coast.

Is
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DS4 (48 quadrats).
Brief description- Semi-mature(somehumus),light brown/white shell

sand, dry.

The type has a moderatedegreeof humus incorporation in the upper
layers of the profile.There is probablyquite a high shell contentin
most examplesof the type but this is more reliablyindicated by the
white colour than by direct recording of shell fragments. This
apparentanomalymay be the result of fine comminutionof the shell,
so that laminarfragmentsare no longer evident. Humus staining-may
also tend to conceal the presence of shell without microscopic
examination.Only analysisof the soil sampleswould confirm or refute
these suggestions.The type is characteristicof the southernhalf of

the Outer Hebrides(Baraand South and North Uist). However, unlike
1353,it also occurs sporadicallyon other parts of the Scottishcoast.

DS5 (811 quadrats)
Brief description- Semi-mature(somehumus),light/dark brown sand,

dry.

This commonsoil type (22%of quadrats)exhibitsa good deal of humus
incorporatedin the top 10cm,where the colour is usually light or
dark brown due to masking of the mineral colour of the sand by organic
matter.With increasingdepth,the colour pales to light brown or, in
some cases,to yellowas the amount of humus diminishes. In contrast
to the followingtype (1356),1355was recordedas being fairly dry at
the surfaceand even quite dry at 40cm depth (55%of the profiles are
dry and 45% damp at this depth). As with types DS1 and DS2, the
questionarisesas to whether a distinctionbased on moisture at the
tMme of sampling is real. This is discussed in connection with 1336

(below).DS5 is a common soil type, well distributed round the
Scottishcoast but it is significantlyless abundant in Harris and
Lewis (northernOuter Hebrides)and on the north coast.

1336(1,109quadrats).
Brief description- Semi-mature(somehumus),light/dark brown sand,

damp.

This is the most commonsoil type recordedin the survey, occupying
nearly 30% of the quadrats.1355and D36 togetheraccount for 51% of
the soils. Superficially,1336 is very similar to 1355, the main
differencebeing that the former is damp as opposed to dry. Despite
the fact that the upper horizon (0-10cm)tends to be darker in colour
than DS5, it palesmore quicklywith depth, light brown being the
dominantcolour below 10cm.There is also a slight tendency towards
the initiationof a peat layer at the surface.The other featurewhich
distinguishes1356from 1355is a sharp increasein the amount of shell
recordedin the profile.In terms of geographical distribution, 1356
shows a distinctivewestern tendencyas comparedwith 1335, which is
more abundantin the east of Scotland.

Because1355and 1356are by far the most common soil types recorded in
the survey, the reality of their distinction (or otherwise) is
important.The degreeof drynessor dampnessin the profile is the
most clear-cutdistinguishingfeature and this gives some grounds for
doubt. However,when it comes to the main purpose of the exercise,
which is to accountfor the differentvegetationtypes in relation to
edaphicfactors,there are very marked differencesbetween1335and 1356
(seeTable 6). These contrastingassociationsgo a long way towards
confirmingthe apparentlyfrail distinctionbasedon visual attributes
alone. In particular,the behaviourof the Duneland vegetation types
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D2, D3 and D4 in relation to these two soil types provides good
evidenceof their differenceas far as the plants are concerned. The
ecologicalinterpretationof this differenceis that water relations
are the key factor. This will be discussedin greater detail later in
this section.

DS7 (442 quadrats).
Brief description- Mature (humusrich),dark brown sand, damp.

This is the most mature type in the Deep Sandy Soil series, with a
considerableamount of humus incorporatedin the profile,often to a
depth of 40cm or more. DS7 is a common soil type, accounting for
nearly 12% of quadrats.The dominantsoil colouris dark brown, paling
graduallyto light brown with depth but nearly 50% of the examples are
still dark brown at 40cm. The profileis usuallyuniformly damp from
0-40cm,with little tendencytowardswetness,i.e. the water table is
considerablydeeper than 40cm in summer and is not the cause of
dampness.Soil type DS7 is well distributedround the Scottish coast,
being rathermore abundanton sites in the west and north of Scotland
than in the east.

D58 (27 quadrats).
Brief description- Mature (muchhumus),dark brown sand, with some

gravel and cobbles,damp.

This type is really transitionalwith the Sandy Cobbles (CS) series
(see below).The top few centimetresof the profile are dark brown and
sandy, like those for 1)57, but there are increasing amounts of
cobbles,and to a lesser extent gravel, with depth. These larger size^
fractionsare, however,always set in a sandy matrix, which is the
lo.alicdifferencefrom the CS series of soils,where the amount of sand
is oftenmuch reduced,or even absent,in some layers. The type has a
very characteristicgeographicaldistribution,being most common in
the Moray Firth sites but also occurs in three sites on the north
coast and on Islay and Colonsayin the south-west.

9.5.2 Peaty Soils (PS)

In practice,the Peaty Soil series are mostly mixtures of peat and
sand, as it is only in areas which blown sand never reaches that
uncontaminated development of peat oan occur. To what extent the sand

affects the peat and the plantsthat grow on it is an open question
but the amount of calciumcarbonate(in the form of shell fragments)
thus incorporatedis probablythe most importantfactor.

There are five types of Peaty Soil. The series comprises389 examples
or just over 10% of the quadratssampled.The most extreme type, P55,
is a deep, wet peat with littlesand present.At the other extreme,
PS1 is a peat/sandmixture that is transitionalwith the more mature,
Deep Sandy Soils,e.g. 1)57,and possiblywith some of the sand/cobble
mixtures.It is not clear to what extent the Peaty Soils are a
developmentalseries,like the Deep Sandy series above. There is no
doubt that some of the peats have developedover.blownsand which at
some time in the past was the soil surface but, as a result of a high
water table, peat has developed on top of it. There are various
possiblecauses of a high water table: the quadratmay at the edge of
a loch or stream, in a deep slack or there may be flushing in the
profile.In other cases, the peat is not underlain by sand but has
developedon top of some othersubstratetype such as drift, boulders
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or solid rock. Peat formation may be the result of convergent
processes.In some places it may be initiated by high water table,
i.e. the hydrologyof the 'site,whilst elsewhere the combination of
high rainfalland low evapotranspirationmaY be sufficientto set the
processinto motion. The Peaty Soils series is now described,starting
with peaty sands and finishingwith the more pure peats.

P31 (21 quadrats).
Brief description- peat, sand (clay, silt) mixture, with gravel,

cobblesand angularstone embedded,damp.

The finer constituentsof this type are mainly peat and sand but clay
and silt were also recordedin some profiles. Peat decreases with
depth,whilst sand increasesalong with cobbles, gravel and angular
stone,in that order of importance.The dominantcolour throughoutthe
profileis dark brown or black,with some examples paling to light
brown with depth.All examplesof this type are at least 40cm in
depth. In terms of its geographicaldistribution,P81 is most common
on the Moray Firth sites and on Coll, Tiree, Colonsayand Islay in the
south-west(seealso DS8) and may be in some way related to raised
beach deposits.

P32 (118 quadrats).
Brief description- Peat, sand (clay,silt) mixture,damp.

This type differsfrom P31 by havingless cobblesand gravel in the
profileand more silt. On average,the profileis also shallower, 43%
being only 20cm deep and another 20% only 30cm deep. The main
underlying material for these shallower examples is solid rock (56% of
the 63% which are less than 40cm deep). The profile was recorded as
predominantlydamp. The main colouris dark brown or black but with
more light brown than P31 and this feature increases with depth. In
termsof geographicaldistribution, P32 is mainly a northern and
westerntype (the result of an oceanic climate?).AbOut 10% of this
type are saltmarshsoils.

P83 (96 quadrats).
Brief description- Peat, sand (silt)mixture,wet.

In general,this seems to be a wetter counterpartof P32. It differs
from it by containingmuch less clay, slightlyless silt and only very
smallamountsof gravel (no cobblesor angularstone). Like P32, not
all examples of this type have profiles deeper than 40cm; 10%
terminateat 20cm and 21% at 30cm. The main underlying material for
shallowersoils is the water table (27% out of. 31%). Again, the
dominantcolourin the upper part of the profile is dark brown or
black but this tends to pale to light brownwith depth. In terms of
its geographicaldistribution,P33 is very similar to P32, probably
for the same reason of oceanicclimate. It should be noted that about
20% of this type are saltmarshsoils for reasons that are explainedin
Section9.3.

PSA - (74 quadrats).
Brief description- Peat (sand)mixture,damp.

This is a very much more peaty type than the precedingmembers of the
series (PS1-P33).Sand increasesslightlywith depth, a little clay
and silt were recordedbut the larger constituents, gravel, cobbles
and angularstone,are comparativelyunimportant.Not all the examples
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of thistypeare as deepat 40cm,1%terminateat 10cm,3%at 20cmand
12%at 30cm.Underlyingmaterialfor theshallowersoilsis variedand
includesexampleswithboulders,solidrockandwater table. Profile
colouris darkbrownor black throughout,with a small proportion
being light brown at 40cm. Again, in terms of geographical
distribution,P54 is largelya northernandwestern type, with only
SpeyBay (Central)and Strathbegin theeastcontainingexamples.Both
thesesitehavea strongfreshwaterinfluence,witha largeriver and
a lochrespectively.

P55- (80quadrats)
Briefdescription- Peat (sand,silt),mixture,wet.

Thisis the most peaty type of all, being fairly uniform peat
throughout.Silt and sand are the most common non-organic
constituents.The silt,and a small amount of clay, are largely
associatedwithhighlyorganicsaltmarshsoilswhichform nearly 30%
of the type.Cobblesandgravelarelargelyabsentat all levels in
the profile.Only5%of thesoilsterminateat 20cmand 6% at 30cm,
solid rock and water table being responsiblein roughly equal
proportions.In termsof geographicaldistribution,PS5 is fairly
widespreadbutis moreabundantin the west and north and has no
occurrenceson thesouthernhalfof theeastcoast.Onesite,Tong on
Lewis,is largely responsiblefor the saltmarshelement in P35,
containing17quadrats(57%of thesite)of thistype.

tz.
9,.-5.3SandyCobbleSoils(CS)

Ttlereareseven•ypesof SandyCobblesoils in the series, ranging
frcmvirtuallyunalteredsubstrate,i.e. mostly beach deposits,to
sandand cobbleswitha thinlayerof peaton thetop.In the context
of thewholesurveytheyare not particularlyimportant,witha total
of only 184quadratsout of the 3,752 for which soil data were
obtained,i.e.justunder5%.LiketheDeep Sandy Soils, the Sandy
CobbleSoilsforma reasonablycoherent developmentalseries. Their
presencewithina siteappearsto be related to the occurrenceof
beachdepositsand,hence,the concentrationof the series in the
MorayFirthregionandon the north-eastcoast. The various types
withintheseriesare probablyrelatedto theageof thedeposit,i.e.
to thelengthof timethatthe profilehashad to develop.

The types in the Sandy Cobble series are now described in putative

developmentalorder.

CS1 (7 quadrats).
Briefdescription- Sandand cobbles mixture, immature (no humus),

yellowor lightbrown.

The profileof thisuncommontype consists of a mixture of sand,
graveland cobblesdownto 40cm.Sanddecreasesslightlywith depth
whilstcobblesincrease.Thereis no humusin the top 10cm of the
profileandevenrootswereabsentin the sevenexamplesrecorded.The
sand colouris yellowor lightbrown,withoccasionalwhitegrains or
bands.Withsucha smallnumberof examples no conclusionscan be
drawnaboutthe geographicaldistributionof CS1.
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CS2 (19 quadrats).
Brief description- Sand and cobbles mixture, immature (no: humus),

white.

This type,is very similar to CS1 but the predominant colour of the
sand is white, or, in a few instances,light brown, but never yellow.
Again, there is no humus or roots in the top 10cm of the profile.This
type is most abundant in sites on the Moray Firth and on the
north-easterncoast.

C53 (6 quadrats).
Brief description- Sand and cobbles mixture, semi-mature (some

humus).

This rather uncommon type is probably equivalent to one of the
semi-mature,Deep, Sandy types, e.g. DS2, except for the gravel and
cobbleswhich it contains.The profileis composedprimarily of sand
and cobbleswith a little gravel or angularstone. There is quite good
humus incorporationin the top 10cm but this decreases rapidly with
depth and none is recordedbelow 20cm. Cobbles increasewith depth and
there is a good deal of silt throughoutthe profile. The predominant
colour is dark brown at the top and light brown at the bottom. With
only six examplesof the type, few conclusionscan be drawn about the
geographicaldistributionof C53.

CS4 (89 quadrats).
Brief description- Deep sand with gravel and cobbles, semi-mature

(samehumus), dry.

This is the most common type in the Sandy Cobble series. The profile
is generallymore sandy than the precedingtypes in the series. CS4 is
very similar in terms of profiledevelopmentto the semi-mature, Deep
Sandy types DS4 and DS5, the only real differencebeing the presence
of gravel and cobbles,which increaserapidlywith depth. There is a
good deal.ofincorporatedhumus in the top layer (0-10cm)and there is
still some as deep as 40cm in a few more mature examplesof this type:
The predominantcolour is light or dark brown near the surface and
light brown or yellow at depth. In terms of its geographical
distribution,C54 is very much an east coast type with its highest
concentrationin sites on the Moray Firth.

C55 (23 quadrats).
Brief description- Deep sand with gravel and cobbles, semi-mature

(somehumus), damp.

This type is very similar to CS4, the only obvious difference being
that it is usuallydamper.It is difficult to find direct evidence
that this is a real differencebut characteristic associations with
the vegetationtypes seem to confirmthe distinction.As with C54, the
main concentrationof the type is in the Moray Firth region.

CS6 (34 quadrats).
Brief description- Peaty, high organic sand and cobbles overlying

cobbles,bouldersor solid rock.

This type probablyhas some affinitieswith some of the more mature
Deep Sandy Soils, e.g. DS7 or, more particularly,D58. There is also
some similaritywith the Peaty types PS1 and P32. The soil is quite

41 sandy down to about 20cm where cobblestend to take over, along with
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some gravel or angularstone. The top 20cm is also quite high in
organicmatter, either as incorporatedhumus or peat or both. Some of
the profilesterminateat 20cm (12%) and others at 30cm (24%), the
main cause being solid rock or boulders.Those that continue to 40cm
are almost pure cobbleswith some gravel, but no sand, in the 30-40cm
layer. CS6 is quitewidespreadbut is somewhat less common on the
southernhalf of the east coast.

CS7 (6 quadrats).
Brief description- Variedmixtures of sand,gravel and cobbles with

some clay and silt.

There is very little to be said about this type,except that it does
appear to be associatedwith some vegetationtypes. The type is really
a hotch-potchof very disturbed profiles with a strong maritime
influence.

9.5.4 Thin Soils (TS)

Little can be said in generalabout the Thin Soil series. The only
real featurethat the members have in common is their thinness,
usuallyless than 20cm and many less than 10cm,rigPt down to the most
extreme forms of the type in which there is no soil at all. There are
ten types in the series and numerically they are of moderate
importance,with 378 quadrats (justover 10% of those recorded). As
was emphasizedin the introductionto the section on soils, a single
soil sample from the middle of a 25 sq m quadratdoes not necessarily
representthe quadratas a whole. Nowhereis this more obvious than
with the more extreme types of the Thin Soil series, same of which
representa very localizedoonditionthat is atypicalof the rest of
the quadrat.However, as will be seen later, this does not necessarily
concealthe overall relationshipbetweenvegetationand soil, although
this may not be evident from looking at individualquadrats.The Thin
Soil series is now describedin approximateinverse order of depth,
i.e. startingwith the deepest.

TS1 (32 quadrats).
Brief description- Peat or high organic sand with water table at

20-40am.

This type is transitional with some of the Peaty Soil types, in
particularP32 and P33. It does not resemblethe Sandy Cobble types,
becauseTS1 containsno gravel,cobbles or angularstone at any level
in the profile.The top 20cm is mainly sand, with same peat and silt
mixed in. There is a good deal of humus incorporatedin the upper part
of the profile,hence the dominantcolour of dark brown or black in
the 0-10cmlayer. There is also a tendencyfor the profile to show
rapid colourtransitions,either because of the way in which the
substratewas laid down, i.e. differentmaterialsat different times
sometimeswith interveningphases of erosion,or through the presence
zones of chemicaleluviationor deposition.The soil pales quickly to
light brown, yellow or white in the 10-20cmlayer. The water table is
reachedat a depth of 20cm in 56% of the type and 30cm in a further
28%, i.e. 84% have the water table in the top 30cm.The remaining 16%
are up to 40cm deep and do not, therefore, strictly warrant the
descriptionof a "thin soil".These deeperexamples are composed•of
pure sand with a little silt and are universallywet. It is assumed
that they are subject to a high water table for part of the year even
thoughit was not found in the top 40cm at the time of recording. In
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terms of its geographicaldistribution,TS1 is quite widespread but
with a definiteconcentrationin the north-westand north.

TS2 (8 quadrats).
Brief description- Peat or high organicsand,with some clay, with

water table or solid rock at 20am.

This type is very similarindeedto TS1. It is distinguished by the
presenceof more clay, less silt and the fact that some profiles
contain a little gravel.All the examplesof the type terminate at
20cm, with water table and solid rock equally responsible. The
geographicaldistributionis very similarto that for TS1 as far as
can be judged from a sample of eight.

T53 (31 quadrats)
Brief description- Thin sand overlyingcobbles.

This type shows close affinitieswith the BeachDepositseries and, in
particular, BD1 and BD2 (see below). As the brief description
indicates,the profileconsistsof littlemore than sand with organic
matter or a thin layer of peat over virtuallypure cobbles with some
gravel also present.Some exampleshave clay or silt near the surface
and these are associatedwith the saltmarsh habitat. In terms of
geographicaldistribution,this type is more concentratedin sites on
the Moray Firth than elsewhere.

TS4 (4 quadrats).
Brief description - none.

A very rare type that defiessimple description.The profile is very
shallow, 10-20cm,terminatingin boulders,solid rock or water table.

The only common featurefound in the top 10cm is the presence of
shell, along with sand, silt, clay, cobbles and angular stone in
varyingamounts.No conclusionscan be drawn about its geographical
distribution.

TS5 (13 quadrats).
Brief description- Thin sand with organicmatter, gravel,cobbles and

angularstone on top of boulders, solid rock or
water table.

All examplesof the type terminateat 10cm,most commonlyon boulders
or solid rock but a few on water table.The top 10cm which makes up
the soil, such as it is, is composed of sand with organic matter
incorporatedor a thin layer of peat, with gravel, cobblesand angular
stonemixed in. This type is widely but sparselydistributedround the
Scottishcoast.

41

T56 (9 quadrats)
Brief description- Thin shell sand on solid rock.

This is a very simpletype, being composedprimarily of shell sand,
with a littleorganicmatter,possiblysome gravel,cobbles or angular
stone, on top of solid rock at or before 10an depth.The type shows no
distinctivegeographicaldistribution.
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TS7 (50 quadrats).
Brief description- Peat or sandy peat overlyingboulders,solid rock

or water table at 10cm.

Surprisingly,this is a relativelycommon type. The real emphasis is

on the peaty element,the majority of profiles consisting of .sandy

peat or peaty sand over solid rock. Water table is a comparatively

unimportantfeature (4%)and most profiles are merely damp, rarely

wet. In terms of geographicaldistribution,TS7 is a western and, to a

lesser extent, a northern type. It occurs on sites that include

fringes of rock where peat has developed under high rainfall

conditions.

TS8 (38 quadrats).
Brief description- Peaty or organicsand, with some silt, overlying

water table or solid rock at 10am.

This is a much wetter type than TS7, both by direct assessmentand the

fact that in 92% of quadratsthere is a the water table at no more

than 10cm depth. As with TS7, the emphasisis on the peaty nature of

the soil, except for a minorityof quadrats which are of saltmarsh

origin. In terms of geographicaldistribution, the type is largely

north-western,with an outlier group in sites on the Moray Firth.

TS9 (138 quadrats).
Brief description- Water table at or near the surface.

This type representssame rather varied situations, from marshes,

stream beds and loch edges to saltmarsh. In general, it does not

constitutea very coherenttype, as the only real common factor is

that at the time of samplingthere was so much free water present that

it was impossibleto dig and recorda profilewithout it filling with

water. At some other time of the year the water table might have been
lower so at least the upper layer could have been recorded and the•
soil.assignedto a more definitivetype. Nevertheless, Table 6 does

show that Ts9has several significant associations with vegetation

types,particularlymarsh and saltmarshtypes. It should be noted that

TS9 includesfew "peaty" profilesbecause these are normallytoo well

drained in summer to carry standing water. In terms of its

geographical distribution, T59 is mostly a western type, being

particularlyabundantin the southernOuter Hebridesand on the Inner

Hebrides.

TS10 (55 quadrats).
Brief description- Solid rock or bouldersat the surface.

This is quite a commontype which, despiteits apparentlyinhospitable

features,has some associations with the vegetation types. It is

obvious that rock can occur at the centre of a quadratin almost any

substratetype, e.g. in sand, drift or peat. However, quite a high

proportionof the examples of this type recorded in the survey are
associatedwith peaty soils. TS10 is widely distributed around the

Scottishcoast but with a heavy concentrationin the southernhalf of
the Outer Hebrides (southand north Uist in particular).
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9.5.5 Beach Deposits (BD)

This series is so extremethat it hardly qualifiesfor the title of
"soil".There are three types within the series. They total 60
quadratsor just under 2% of the soils recorded and are, therefore,
not very important.Their common feature is the total absence of
organicmatter, or even roots, in the profile. To all intents and
purposesthey are unmodified,undifferentiated,mineral soils. Most
are beach depositsbut othersmay be riverinein origin.

BD1 (3 quadrats)
Brief description- Thin layer of sand and shell mixed with or

overlyinggravel and cobbles (no organic matter).

A very uncommontype and the brief description above can not be
elaborated.All examplesof this type occur on one site, Spey Bay
(West),on the Moray-Firth.

BD2 (47 quadrats)
Brief description- Pure cobblesdown to 40cm, with occasional sand

and gravel (no organicmatter).

Again, there is littlemore to be added to the brief description.
Nearly all examplesof this type (39 out of 47) occur in siteson the
Moray Firth,Whitenesshaving no less than 10 quadrats (22% of the
site) of this type.

1303(10 quadrats)
Brief description- Sand with gravel and cobblesoverlyingsolid rock

or bouldersat 10-20cmor cobblesdown to 40cm.

Again, a very simple description.Nearlyhalf this type terminate at
10cm on solid rock or boulder,the rest are just pure cobbles from
20-40cm.The type has no distinctivedistributionround the Scottish
coast.

9.6 AssociationBetweenSoil and VegetationTypes

As has already been noted, the primary purpose of producing a soil
classificationwas to assist in the interpretationof the vegetation
and site types. The relationshipsbetween the soils and particular
vegetationand site types has been discussedin contextin Sections 7
and 8 of this report.

Table 6 shows the overall relationshipof the 33 soil types (the rows)
and the 28 vegetationtypes (the columns).The table entriestake the
form of a dot (.)where no ooincidenceof soil and vegetation type
occurs, NS (not significant)where there is coincidence,but where the
number of quadratsin questiondoes not differsignificantlyfrom what
might be expected by chance,and plus (+) or minus (-) where the
number of coincidencesis significantlymore or less, respectively,
than might be expected by chance.The particular test used here is
Fisher'sExact Test (directcalculationof factorials)becausemany of
the expected values,i.e. those for the less common soil types, are
less than 5 and a straightforwardchi-squaretest is not applicable.
One + or - means 95%probability,two (++ or --) means 99% and three
(+++ or ---) means 99.9%.
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Orderingof the rows and columns in the table is the simple,
unmodifiedfirstaxisorderfora reciprocalaveragingordinationof

,the soiland vegetationdatarespectively.As willbe noted,there is
'astrongtop right to bottom left diagonaltrend in the table.
However,the sameproblemsof orderingexistas in Tables2 and 3 (see
Section7.6),i.e.becauseofmulti-dimensionality,no singleordering
can be completelysatisfactory.No attempt has been made here to
producesucha so.phisticatedsolutionas in Tables 2 and 3. It is
sufficientto appreciatethatTable6 confirmsthegeneral conclusion
thatthereis a goodrelationshipbetweensoiland vegetationtypes.
Thisrelationshipcouldundoubtedlybe be clarifiedif more detailed
soilanalyseswereavailable,e.g. calcium carbonatedeterminations
and loss-on-ignition.Figuresfor proportionsof varioussoiltypesin
the differentvegetationtypesaregivenin contextin Section 7 and
similarinformationfor sitesin Section 8 (see also Table 5 in
Section8.3.8).
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