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CHAPTER THREE 

"Chaos rudis indigestaque moles."  (Chaos a rough and unordered mass) 

Ovid (43 BC - 8 AD).  Metamorphoses, book 4, ch.1, 428. 

 

3 Vegetation Structure on Oil-Shale Bings  

The uniqueness and ecological importance of the bings were outlined in Chapter One 

and these qualities were put into an historical, geographical and geological context in 

Chapter Two.  In order to determine if the processes and mechanisms of vegetation 

dynamics on the shale bings could be identified using standard ecological methods it 

was necessary to establish if there was an identifiable structure to the vegetation that 

could be given an ecological explanation.  The initial objectives were to identify any 

recognisable patterns in the vegetation and to ascertain if the resulting species 

associations were representative of plant communities recognised elsewhere in 

Britain by addressing the questions posed in Chapter One, Section 1.8.  Subsequent 

chapters will interpret any patterns with respect to environmental variables and 

successional processes. 

Vegetation and species data from literature on the West Lothian shale bings were 

collated and re-analysed to determine the completeness and usability of existing 

information.  New data were collected for comparison to test for changes in 

vegetation over time.  A base-line survey was carried out to provide more complete 

data sets that would be comparable both with existing literature on other habitats and 

with future surveys, to study long-term environmental and vegetation changes on the 

bings.   

3.1 Vegetation Patterns 

There are many examples of vegetation patterns being described and analysed to 

provide predictive theories of colonisation in a wide range of habitats, both natural 

and man-made, and the information from these can be compared and contrasted with 

the structure of vegetation on the bings.  In 1986 Grime described "the circumstances 



The West Lothian Question 

 28 Chapter 3  

and characteristics of spoil colonization (sic)" using data collected in the Sheffield 

region of northern England and concluded that changes in the vegetation could be 

predicted from the theory of primary plant strategies (Grime, 1977). These strategies1 

can be allocated to individual species from lists recorded in vegetation surveys of the 

shale bings, which are also spoil sites, to determine whether competitive, stress 

tolerant or ruderal species (C, S, and R, the primary strategies) are prevalent in the 

colonising vegetation.  The theories presented in, and data collected for, these 

publications were combined within a volume describing the patterns of ecological 

specialisation within angiosperms; a detailed ecological and habitat information for 

281 common British species (Grime et al., 1988) that can be used to predict or 

identify any variation in ecological habitats within and between bing sites.  

Cronk and Fuller (1995) presented an overview of a number of the ecological 

theories of invasion (colonisation).  Some of these were general hypotheses with 

little or no predictive value, for example "disturbance produces gaps that allow 

colonisation".  Others provided predictions of the invasion of species, including 

“unwanted alien species”, in very specific ecological situations that are not readily 

adapted to other situations or habitats.  These theories can, however, provide useful 

indications of the universal processes and mechanisms of vegetation dynamics that 

can be related to the potential development of plant communities observed on the 

shale bings.   A more direct comparison of vegetation dynamics and species 

composition on the shale bings can be made with a description of the ecology of 

disused pit heaps in England (Hall, 1957) in terms of spoil characteristics, features of 

the natural vegetation and processes of succession, all of which should be relevant 

because of the similar geological and industrial histories of the study sites.   

The British National Vegetation Classification (NVC) developed by Rodwell (1991a; 

1991b; 1992; 1995; 2000) has been used to describe plant communities for surveying 

                                                 

1 The word 'strategy' is used when referring to C-S-R functional types throughout the thesis because it 
is the term used in Grime's 1974 paper when the "vegetation classification by reference to strategies" 
was first described. 
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and mapping purposes, in combination with Geographic Information Systems 

(Gooding et al., 1997).  NVC was also used to define the development of abandoned 

arable land into woodland using records collected over a 100 year period (Harmer et 

al., 2001), and in the development of a new ecological site classification system for 

British forests (Wilson et al., 2001).   Although both of these examples determine 

woodland development and description, the same techniques can be used to define 

and describe plant communities on the bings. 

Ellenberg Indicator Values (Ellenberg, 1988)2 have been applied throughout Europe 

both to predict habitat conditions from existing vegetation data (Dzwonko, 2001) and 

to predict the occurrence of vascular plants in a known habitat (Dupré and 

Diekmann, 1998).  Although these have been widely utilised throughout continental 

Europe the indicator values allocated to individual species are not exactly applicable 

to the maritime conditions in the British Isles and for this reason Hill, et al. (1999) 

revised Ellenberg's original values for the British flora.  The revised values can be 

used to predict habitat conditions on the shale bings from existing species records. 

3.1.1 Data collection 

There are several stages involved in collecting, collating and manipulating sufficient 

relevant data to determine the causes and effects of the various processes resulting in 

discrete and identifiable plant communities.  Sites must be surveyed, vegetation 

sampled (Tansley and Chipp, 1926; Brown, 1954) and the resulting data classified 

(Rodwell, 1991a; 1991b; 1992; 1995; 2000), described (Peterken, 1974; Rees and 

Bergelson, 1997) and analysed (Austin, 1977; ter Braak and Šmilauer, 2002).   

3.1.2 Classification and ordination 

Classification and ordination are best suited to studies where community structure is 

the main emphasis.  They involve grouping similar entities in clusters, either 

hierarchically or non-hierarchically.  Grime (1974) grouped plant communities by 

growth strategies in a non-hierarchical ordination; categorising species within a 

                                                 

2 This is an English translation from the original German “Vegetation Mitteleuropas mit den Alpen” 
(Ellenberg, 1963) 
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triangular model describing the balance between competition, stress and disturbance 

in vegetation (the C-S-R model).  The underlying theory behind National Vegetation 

Classification is also non-hierarchical although the initial divisions are based on 

large-scale divisions of convenience to enable the manipulation of mire and heath 

communities, woodland and scrub communities, grassland and montane 

communities, etc. (Rodwell, 1991a; 1991b; 1992; 1995; 2000).  The vegetation 

classes within each of these divisions are not arranged in any order of rank although 

sub-division of classes introduces a hierarchy in the later stages of classification.  

Non-hierarchical systems of defining vegetation are useful for preliminary 

summarisation of large data sets.  They do not analyse relationships in the data but 

produce composite samples of data that can be subsequently analysed using 

hierarchical classification.   

The most common type of hierarchical classification is the dendrogram that indicates 

relationships between groups.  Central European community classifications split 

vegetation into ordered ranks (for example Braun-Blanquet 1928; 1964, as cited in 

Ellenberg 1988).  These phytosociological systems are divided into 45 main classes 

then subdivided into orders, alliances, sub-alliances, associations and increasingly 

smaller units, thus providing detailed descriptive information of plant cover at a local 

level.  The classifications are used successfully to identify large and small scale 

patterns of vegetation and plant communities although one disadvantage of this 

system is the extremely long and complex names of the individual classification 

types, particularly at association level and below.   

3.1.3 Identifying vegetation types 

There are several ecological methods of measuring and describing vegetation in 

terms of community types, autecological attributes of species, functional types and 

indicator values.  I selected four standard texts that are widely used in Great Britain:  

1. National Vegetation Classification (NVC), published in five volumes (Rodwell, 

1991a; 1991b; 1992; 1995; 2000), is the most used (and abused) vegetation 

classification system in Britain.  This is a classification with standardised 

descriptions of named and systematically arranged vegetation types, both natural 
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and artificial, for the whole of Great Britain.  In addition to original data for 

England and Wales, vegetation data were abstracted and collated from published 

and unpublished sources ranging from classical phytosociological accounts to 

PhD theses but parts of Scotland, particularly the central belt, are under-

represented.  

2. The Electronic Comparative Plant Ecology (Hodgson et al., 1995) is a 

standardised data set containing the biology and ecology of common vascular 

plants of the British flora as described in Comparative Plant Ecology (Grime et 

al., 1988).  Autecological attributes, including habitat range, soil pH, life history, 

regenerative strategies and seed dispersal mechanism, are given for 500 plant 

species.  Species with similar traits might be expected to occur within like 

environments.  

3. The C-S-R system (Grime, 1974) is an indicator of the established growth 

strategy, competitive (C), stress-tolerant (S) or ruderal (R), of the subject species 

and can be used to identify any predominant traits that vegetation might have. 

Besides the three primary strategies (C, S and R) there are four secondary 

strategies (CR, SC, SR and CSR) and twelve tertiary strategy types (e.g. CR/CSR 

and R/SR) making a total of nineteen functional types in all.  C-S-R plant 

functional types can be allocated to individual species (Hodgson et al., 1999) and 

published lists are available (Hodgson et al., 1995; Fangmeier, et al., 2003).  The 

functional types allocated to individual species within a community can be 

combined to produce a single C-S-R signature that will denote the attributes of 

the vegetation and can be indicative of habitat conditions (Colasanti, 2000).  

Vegetation description by the C-S-R system is modelled as a triangular 

ordination or ternary plot (Legg, 2004).  

4. In 1963 Heinz Ellenberg (cited in Ellenberg, 1988) allocated a set of ecological 

indicator values to most European vascular plant species based on their range of 

tolerance of light, temperature, continentality, moisture, soil pH (reaction), 

nitrogen, and salt. The indicator values quantify the ecological responses of 

plants to light (L), moisture (F, from the German Feuchtigkeit), reaction (R, a 

measure of soil or water pH), nitrogen (N), salt tolerance (S), continentality (K) 

and temperature (T) compared with other species, based on observed distribution 
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in field conditions in Central Europe.  The original values have been modified to 

make them more applicable to 1,791 vascular species that grow in the United 

Kingdom and are presented in "Ellenberg's indicator values for British plants" 

(Hill et al., 1999).  The revised version does not include measures of 

continentality and temperature because these are not considered to be relevant to 

the maritime climate of the British Isles.  Plant communities can be described in 

terms of the mean and range of indicator values allocated to individual species 

and from this the attributes of the physical habitat can be inferred.  

Potentially these four sources of information could be used to evaluate existing 

species data to determine any prevalent physiological traits and resource 

requirements within a vegetation type.  These attributes might indicate processes of 

invasion, or the range of available habitats, or presuppose the physical and chemical 

composition of the substrate on the bing sites and can be used to generate hypotheses 

for further investigation.    

3.2 Pre-survey Investigations 

To avoid any unnecessary collection of new data as much information as possible 

was gleaned from material furnished in previous studies of oil-shale bings in West 

Lothian.  These included a plant species list from a mixture of oil-shale and coal sites 

(Martin, 1992), a plant species list for each of four oil-shale sites (Maka, 1995) and a 

description of the development of the substrate and a plant species list from three oil-

shale sites (Russell, 1971).  The primary objective was to decide whether the existing 

data sets were comparable with each other and compatible with accepted standard 

classifications and standardised information used for identifying vegetation patterns.  

3.2.1 Species identification 

A major part of the present work was to identify and record the plant species found 

within the study areas and relate them to species records from the literature.  The 

more common vascular plants were identified in the field, using a hand lens and Rose 

(1981) as a guide.  Samples of the non-vascular and less common vascular species 

were collected, and identified in the lab using Clapham et al. (1993) and Stace 
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(1997) for vascular plants and Hubbard (1992) for clarification on some grass 

species; Smith (1982), Watson (1968) and Dixon (1924) for bryophytes; Purvis et al. 

(1992) and Phillips (1994) for lichens.  Species information from older literature 

references was corroborated using Bentham and Hooker (1937).  The dichotomous 

keys of many British floras are based on the hierarchical taxonomy of species into 

orders, families and genera (Bentham and Hooker, 1937; Clapham, et al., 1993; 

Stace, 1997).  As the science of Taxonomy has developed, the hierarchy of 

classification and the names of individual species have been amended to incorporate 

new information.  To counter the resulting variation in nomenclature between 

different texts and floras the species names adopted by Smith (1982), Purvis et al. 

(1992) and Stace (1997) are followed throughout the thesis. 

3.2.2 Results of classification 

A compilation of the plant species recorded on bing sites by Martin (1992), Maka 

(1995) and Russell (1971) listed 297 species of 62 families (Appendix 2).  In all 

three studies the presence of species had been recorded at bing level or as a single list 

for all sites.  There was no information on abundance or distribution of species. 

National Vegetation Classification (NVC)  

The keys for identifying community types, published in the five NVC volumes 

(Rodwell, 1991a; 1991b; 1992; 1995; 2000), are designed for use with frequency 

data from collections of relevés and are not suitable for use with the presence 

absence data that are available in the existing data sets. 

The Electronic Comparative Plant Ecology (ECPE) 

The information in ECPE (Hodgson et al., 1995) could not be used effectively with 

the whole data set of 297 species from existing studies as these were listed simply as 

present, with no records of abundance or distribution.  Fourteen species, however, 

from 10 families were common to all of the sites described in the studies.  These 

widely dispersed species were compared using ECPE to ascertain if they shared 

ecological traits that might determine common processes or mechanisms affecting 

their distribution.  Of the 14 species all were perennial and all except Acer 

pseudoplatanus were native.  Ten of the 14 species regenerate vegetatively (the 
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exceptions are Acer pseudoplatanus, Cytisus scoparius, Heracleum sphondylium and 

Taraxacum officinale).  All except Urtica dioica have strong mycorrhizal 

associations.  In addition the species occupy a wide range of terminal habitats, from 

waste ground to pasture (as defined by Hodgson et al., 1995), and exploit soils with 

pH ranging from 4 - 7.  Seed dispersal is predominantly by animal or wind and 

dispersule weights range from less than 0.20 mg to greater than 10 mg in both 

dispersal categories (Table 3.1). 

Table 3.1 The 14 plant species recorded on all sites in the previous studies. 

The 14 plant species recorded on all sites described in the MSc and BSc studies 
(Maka, 1995; Martin, 1992; Russell, 1971) are grouped by family; most common 
terminal habitat, soil pH, agency of dispersal and dispersule weight as described by 
Hodgson et al.(1995)are also listed.  

Habitat key: is reproduced in full in Appendix 3 and referred to in subsequent tables 
in this chapter. 

Soil pH key: The numeral indicates the modal pH class for the species followed by a 
letter indicating the number of pH classes in which the frequency of the species 
exceeds 50% of that in its modal class.  Thus 5a indicates that the species is most 
frequent within the range 5-5.9 and has a range of only 1 pH unit.  In contrast 4d 
indicates a mode within the interval pH 4-4.9 and a range of 4 pH units. 

Agency of dispersal key: is reproduced in full in Appendix 3 and referred to in 
subsequent tables in this chapter. 

Dispersule (Disp.) weight key: 1 � 0.20mg; 2 = 0.21-0.50mg; 3 = 0.51-1.00mg; 4 = 
1.01-2.00mg; 5 = 2.01-10.00mg; 6 > 10.00mg. 

Species Family  Habitat Soil 
pH 

Agency of 
dispersal 

Disp. 
weight 

Acer pseudoplatanus  Aceraceae WOODl 7e WINDw 6 
Heracleum sphondylium  Apiaceae WASTEl 5c WINDw 5 
Bellis perennis  Asteraceae MEADOW 7c UNSP 1 
Hieracium pilosella   Asteraceae PASTl 7c WINDp 1 
Taraxacum  offinale (agg.) Asteraceae MEADOW 7b WINDp 3 
Tussilago farfara Asteraceae QRYl 7b WINDp 2 
Cytisus scoparius   Fabaceae RD/RLY 4c ANIMe 5 
Trifolium repens  Fabaceae PASTe 5c ANIMa 3 
Chamerion angustifolium  Onagraceae CINDER 4d WINDp 1 
Plantago lanceolata  Plantaginaceae MEADOW 7c ANIMm 4 
Holcus lanatus   Poaceae PASTe 5c UNSP 2 
Rosa canina (agg.) Rosaceae HEDGE 7b ANIMi 6 
Salix caprea Salicaceae SCRUB 5a WINDp 1 
Urtica dioica  Urticaceae SOIL 6c ANIMa 1 
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C-S-R Strategy   

A single C-S-R signature (Figure 3.1) was calculated for the list of 297 species using 

the C-S-R plant functional types for individual species (Hodgson et al., 1999) 

described in section 3.1.4.   

 

Figure 3.1 The C-S-R signature of the pre-survey vegetation. 

The calculated C-S-R signature of pre-survey vegetation (circled) displayed in 
relation to the 19 C-S-R plant functional types (Grime, 1974). 

The resulting signature corresponded closely with the CSR functional type, 

indicating that either there was no predominance of species allocated to any one of 

the main functional types (C, S or R) or that there were representative species from 

all of the functional types.  The calculation of a signature does not contribute any 

information about potential vegetation patterns, as each recorded species contributes 

equally to the outcome, and it is effectively a mean for all recorded species.  The 
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signature does however provide a benchmark within the  C-S-R system of ordination 

for comparison with C-S-R signatures calculated from species data recorded on 

individual bing sites or areas within sites and can be used to determine if there is a 

general shift in species composition towards a functional type which would suggest 

inter- or intra-site variation in environmental factors.  A more complex method of 

displaying the relative numbers of species allocated to each of different functional 

types in the C-S-R system as different sized “bubbles” within the triangle (Figure 

3.2) demonstrates the range of functional types contributing to the single signature 

displayed in Figure 3.1. 

 

Figure 3.2 The spread of C-S-R types within the signature 

The percentage of species allocated to each of the 19 C-S-R plant functional types 
(Grime, 1974) are displayed as bubbles drawn to scale on the triangular graph.  The 
group of shaded bubbles at the bottom left represent ruderal functional types, 18% 
(53) of the 297 species.  
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Ellenberg's Indicator Values 

The species recorded in previous studies (Maka, 1995; Martin, 1992; Russell, 1971) 

were ranked according to the revised Ellenberg Indicator Values for British plants 

(Hill et al., 1999) allocated to each species (Figure 3.3).  Seventeen of the 297 

recorded species have no designated values however these are either non-vascular or 

non-native (introduced) species.  Species were ranked separately for light (L), 

nitrogen (N), moisture (F) and reaction (R) as described in section 3.1.4 and Figure 

3.3.  This information was used to infer the habitat conditions likely to be found on 

the bings.  The resulting graphs showed that recorded species were predominantly 

indicative of high light, high pH, and low moisture habitats and that they imply 

considerable variation in nitrogen availability either within or between bing sites.  

 

 

 

 

 

 

 

 

 

 Figure 3.3 Ellenberg Indicator Values for the pre-survey vegetation. 

The percentage of recorded species assigned to each value within the range of 
Ellenberg Indicator Values (Hill et al., 1999) are compared.  L (light) ranging from 1 
(plant in deep shade - none in UK) to 9 (plant in full light).  N (nitrogen) is a general 
indicator of soil fertility ranging from 1 (extremely infertile) to 9 (extremely rich).  F 
(moisture) ranging from 1 (indicator of extreme dryness) to 12 (submerged plant).  R 
(reaction) measured as soil or water pH ranging from 1 (indicator of extreme 
acidity) to 9 (indicator of base reaction). 
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3.2.3 Pilot study 

In order to gauge the rate of succession and any change in the vegetation 

composition since the original studies on the bings a brief pilot study was carried out 

on Five Sisters in March 1999.  The presence of each plant species was recorded as it 

was encountered during a single 2-3 hour visit (Appendix 4) to formulate a list that 

was comparable with the records from Maka's 1995 study of Five Sisters (Table 3.2).  

The number of vascular species and proportion of annual species in the two studies 

was almost identical despite the lists having only 28 species in common. 

Table 3.2 Species recorded on Five Sisters in 1995 and 1999   

The total number of vascular plant species recorded on Five Sisters in 1995(Maka) 
and in 1999 (pilot study), and the number of annuals recorded in each study.  

 1995 study (Maka) 1999 study (pilot) Species in common 
Number of species  49 47 28 
Number of annuals  10 9 3 

Ellenberg Indicator Values were used, as described earlier in this chapter, to signal 

any potential changes in habitat conditions that might be indicated by the change in 

species composition between the two recording dates (Table 3.3).  A chi-squared test 

showed that there was no significant difference in the proportion of species allocated 

to each of the Ellenberg indicator values between the two sets of data, suggesting no 

measurable change in environment. 

Table 3.3 Ellenberg values on Five Sisters in 1995 and 1999 

A comparison of the number of species recorded on Five Sisters in 1995 and 1999 
allocated to each of the Ellenberg indicator values for light (L), moisture (F), 
reaction (R) and nitrogen (N).  

Indicator 
value 

L 
1995 

L 
1999 

F 
1995 

F 
1999 

R 
1995 

R 
1999 

N 
1995 

N 
1999 

1 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 2 2 
3 0 0 0 0 0 0 2 1 
4 1 0 8 5 1 1 13 12 
5 0 2 25 29 3 3 7 7 
6 6 9 11 11 23 25 18 15 
7 32 26 3 1 19 17 5 8 
8 9 10 1 1 2 1 1 2 
>8 0 0 0 0 0 0 0 0 
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3.2.4 Discussion of findings 

Existing data for plant species on the bings was not sufficient for comparison with 

NVC.   

The characteristics, generated from ECPE (Hodgson et al., 1995), of the 14 species 

that were common to all of the sites described in the previous studies (Table 3.1) 

conformed to those expected from literature for early stages of primary succession 

(Cronk and Fuller 1995).  Other characteristics expected in invasive species are high 

seed production and early reproductive maturity (Cronk and Fuller, 1995).  These are 

traits that are not described in ECPE as they are relative measurements that can vary 

considerably both inter- and intra- specifically.  Significant new data would need to 

be collected from the West Lothian sites to comment on these species characteristics.  

The proportion of wind dispersed species in the bing data was higher than expected 

from the species recorded in vegetation surveys of spoil in the Sheffield area (Grime, 

1986) but the topography of the Sheffield sites is not described.  Cronk and Fuller 

(1995) suggest that dispersal of species by wind will be the most efficient mechanism 

in open ground and on sites that are elevated above the surrounding area, such as 

bings.  They particularly propose that members of Asteraceae are the most likely 

invaders because of their high seed production.  More quantitative information on the 

frequency and abundance of individual species is needed as the higher number of 

wind dispersed species on the bings could also reflect a predominance of these 

species in the surrounding area. 

The co-ordinates of the C-S-R signature for the species recorded in the bing 

vegetation as a whole were very close to those for the CSR strategy (Figure 3.1).  

This demonstrated that species of no single functional type prevailed on the sites, 

unless they were all CSR generalists.  Convention would expect there to be higher 

proportions of short lived, high fecundity species (R-strategists) and species best-

suited to low-nutrient/water availability (S-strategists) in the early stages of primary 

succession (Grime, 1977; Harper, 1977).  The spread of C-S-R types within the 

signature (Figure 3.2) demonstrates that a large proportion of the species recorded 

are allocated to intermediate functional types, CSR, CR and CS, and that only 18% 
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are ruderal (R) species.  This information has to be treated with caution however as 

each species recorded contributed equally to the calculation of the signature because 

no measure of abundance of species was available from the existing data.   Any 

variation in the composition of species present within or between individual bings 

and their different functional types will also have been lost in the bulking of 

information.  Qualitative species abundance data from each bing site should be 

collected and analysed separately to obtain a better insight into vegetation patterns 

and succession processes. 

The classification of the existing data by Ellenberg Indicator Values (Figure 3.3) 

demonstrated that species presence alone may be used to generate hypotheses on the 

expected general habitat conditions likely to be found on the bings.  More than 50% 

of the recorded species were indicative of high light, high pH, low moisture or a 

combination of these.  From this the bing habitat is expected to be open ground with 

a free-draining, alkaline substrate.  These postulates will have to be corroborated by 

collecting the relevant data so that any variation in substrate chemistry can be related 

to vegetation patterns. 

The pilot study showed that there was little difference in the number of species 

recorded on Five Sisters between the 1995 study (Maka) and 1999 visit (Table 3.2) 

although the species lists on the two occasions varied considerably; only 28 species 

were recorded in both studies (Table 3.2).  Despite this when the two lists of species 

were classified by Ellenberg indicator values there was no significant difference 

between the number of species allocated to each of the four environmental criteria; 

light, moisture, reaction and nitrogen (Table 3.3).  This indicated that only limited, 

short-term change should be expected in both nutrient availability and overall 

vegetation structure and that there was unlikely to be any advantage in frequent (e.g. 

annual) surveys.   

 The information derived from the classification of data available from the studies of 

Maka (1995), Martin (1992) and Russell (1971) provided a broad outline of the range 

of plant species and nutrient availability that can be expected between and within 

shale bings in West Lothian.  The ecological attributes for those plant species 
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(Hodgson et al., 1995) and their optimum resource requirements for light, moisture, 

pH, nitrogen and salt (Hill et al., 1999) provided strong indications of the potential 

differences in the nutrient status of the substrate within the bing environment. 

Existing material was not sufficiently detailed to link species, or groups of species, 

with particular habitat conditions.  Significant amounts of new quantitative data on 

the frequency and abundance of all species were required, as were data on the 

availability of soil nutrients.   

The decision was made that a baseline survey and full description of the bing sites 

was necessary.  Information had to be collected relative to individual bing site and 

position on that site (e.g. altitude, aspect) to allow analysis of data within and 

between sites.  This would also allow more complete comparisons to be made with 

data in the literature on other primary succession sites.  There was unlikely to be any 

advantage in replicating the surveys during the current period of study and 

monitoring the sites every ten or twenty years would probably be sufficient to record 

any changes in vegetation structure.  Different stages of colonisation, including shifts 

in vegetation patterns or structure of substrate, should be inferable from the changes 

relating to variations in age, management and size of the individual bings.  The new 

data generated could test the hypothesis that the range of variation in ECPE, C-S-R 

and Ellenberg grouping of the existing species data can be explained by spatial 

variability in species associations within and between the bings.    
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3.3   The Baseline Survey Methods 

In preparation for the baseline survey the ownership of individual bings was 

ascertained and permission to work on them was sought.  There are 19 shale bings in 

West Lothian (Table 3.4 and Figure 3.4).  The bings vary considerably in size, shape 

and age, and in the extent and type of management that has been carried out on them 

(see Appendix 1 for individual site locations and descriptions). 

From the 19 shale bings, eight sites were selected as best suited for the purposes of 

the investigation (Table 3.4).  Permission to use a site for vegetation surveys was the 

first criterion used in making this selection.  The bing sites also had to be physically 

accessible, representative of a range of size, shape and height and likewise a range of 

management practices.  It was also necessary to make optimum use of those bings 

where permission for limited experimentation and vegetation manipulation had been 

authorised. 

Table 3.4 The 19 oil-shale bings of West Lothian 

The 19 oil-shale bings of West Lothian with standard abbreviation used for each site 
in this thesis.  Sites marked with an asterisk are those selected for investigation in the 
baseline survey.  Individual site locations and full descriptions are detailed in 
Appendix 1. 

Bing Name abbreviation Bing name abbreviation 
Addiewell North * AN Green Bing  GB 
Addiewell South * AS Greendykes * GD 
Albyn A Mid Breich * MB 
Bridgend  B Niddry   N 
Clapperton * CL Oakbank * OB 
Deans  D Philpstoun North  PN 
Drumshoreland North * DN Philpstoun South  PS 
Drumshoreland South *  DS Seafield  SF 
Faucheldean  FD Stankards  S 
Five Sisters  FS   
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Figure 3.4 Sketch maps of West Lothian. 

Sketch maps of West Lothian showing: a) The political boundary, Vice County 
boundaries, the extent of the shale-oil fields and position of shale bings.  b) The main 
transport routes.  
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3.3.1 Data collection 

Vegetation was recorded as percentage cover of species so that the data collected 

could be converted to cover-abundance scales, Domin cover and Braun-Blanquet, or 

presence/absence in quadrats (Kent and Coker, 2001) if these formats were more 

appropriate for comparison with data sets from literature.  The quadrat size, 

2 m x 2 m, was judged to be the optimum for recording, taking into consideration the 

range of spatial distribution and variation in vegetation types, from cryptogams to 

scrub, and the instability of the bing surfaces (Rodwell, 1991a).  

The decision was made to sample the sites systematically at intervals of 100 paces 

(Kent and Coker, 2001) along contours near the base, mid slope and near the top of 

each bing.  Additional data were recorded from quadrats at similar intervals on the 

plateaued summits of Greendykes and Drumshoreland north, and from large 

excavated areas at Mid Breich and Addiewell south.  The number of paces between 

quadrats was amended to fifty at Mid Breich, due to the small size of the bing, and to 

two hundred at Greendykes, due to its exceptionally large size.   

The relevé data were recorded in the field on prepared sheets (Appendix 5).  Each 

quadrat was allocated a unique identification code incorporating the abbreviated bing 

name (Tables 3.4 and 3.5), the position (plateau -P, top -T, middle -M, base -B or 

excavation -E) and a number (e.g. ANT1 = Addiewell north, near the top, quadrat 1).  

All plant species (including bryophytes and macro-lichens) and the percentage of 

bare ground were recorded within every quadrat, as were the aspect (in degrees east 

of magnetic north at 1999) and the angle of slope.  Position was used as a rough 

substitute measure for altitude when describing the combined vegetation of all eight 

bings.  Additional information was noted, including the date, unexpected or 

interesting fauna, signs of disturbance, and any other observations.  The species 

could then be related directly to individual bings, to their position within any bing 

(henceforth called 'position-on-bing' to differentiate between this and 'position' as a 

gauge of altitude), or the measured site conditions using data from all bing sites.  

This would establish if there were variations in patterns of vegetation within and 
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between bings, and if the patterns were associated with any determined physical 

environmental factor. 

The baseline survey collected data from 340 quadrats on eight bing sites.  There were 

211 plant species recorded, including bryophytes and macro-lichens (Appendix 6).  

A breakdown of the survey sites and number of species recorded on each bing can be 

seen in Table 3.5.  Data from 10 or more quadrats were recorded from every position 

at each site.  The exceptions were Mid Breich, where only five quadrats were 

recorded from the top position due to a combination of dangerous terrain and small 

site size, and Greendykes, where no quadrats were recorded from the middle position 

due to lack of time at the end of the growing season.  The number of species 

recorded on each bing site was higher than had been recorded during the pilot study 

of Five Sisters (Section 3.2.2, Table 3.2) and the species recorded on Addiewell 

south numbered 104 compared to 81 recorded by Maka (1995), the only comparable 

data set from the previous studies.    

Table 3.5 The number of quadrats sampled at each location 

The number of quadrats sampled at each bing site and position-on-site, and the 
number of plant species, including cryptogams, recorded on each bing site in the 
baseline survey. 

P= plateau, T  = top, M = middle, B = base and E = excavated area.   

Bing Site Total 
quadrats 

Number of quadrats at 
each position-on-site 

Number of 
plant species  

  P T M B E recorded 
Addiewell north (AN) 39 - 16 11 12 - 103 
Addiewell south (AS) 54 - 17 17 10 10 104 
Clapperton (CL) 53 - 11 20 22 - 93 
Drumshoreland north (DN) 40 10 10 10 10 - 60 
Drumshoreland south (DS) 11 - - - 11 - 49 
Greendykes (GD) 70 20 25 - 25 - 86 
Mid Breich (MB) 40 - 5 10 15 10 95 
Oakbank (OB) 33 - 13 10 10 - 93 

3.4 Classification, Ordination and Analysis 

Species frequency was calculated as the percentage of quadrats containing each 

species as used by Grime (1986) and described by Brown (1954).  Species affiliation, 

a measure of grouping patterns within a species, was calculated as mean cover where 
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present (MCWP), the sum of percentage cover in every quadrat divided by the 

number of quadrats in which the species was recorded.  Species richness was 

calculated at four levels: total number of species for all sites, combined number of 

species by bing site, combined number of species by position (plateau, top, middle, 

etc.) and number of species by position-on-site.   

The species were grouped and classified using C-S-R strategies (Grime, 1974), 

Electronic Comparative Plant Ecology (Hodgson et al., 1995) and Ellenberg Values 

(Hill et al., 1999) as described in the pre-survey investigations (Section 3.1.4).  

Comparisons were made between and within the data sets using the autecological 

information.  The floristic data were then coded into the computer program ComKey 

version 0.22 (Legg, unpublished).  This software matches species names with the 

species list used in the VESPAN packages and MATCH program published by the 

University of Lancaster, Unit of Vegetation Science (Malloch, 1995; 1997).  The 

ComKey program was used for comparing every relevé (floristic data) with National 

Vegetation Classification (NVC) communities.  A variety of weighting methods is 

available in ComKey that allows the shorter total species lists recorded in single 

relevés to be compared with NVC type communities.  The entire data set was 

manipulated by site, aspect, position and slope, and various combinations of these, to 

ascertain the presence of any recurring vegetation patterns within and between bing 

sites.  

3.4.1 General findings 

Sixteen vascular species (Table. 3.6), and the moss Hypnum cupressiforme, out of 

the 211 species, were recorded on all eight of the bing sites.  Of the vascular plants 

only two species were also found over the full range of angle of slope  (0-80o), 

position (top, middle, base, excavation and plateau) and full range of aspect (1-360 

degrees east from magnetic north), and the full range of percentage bare ground (0-

99.99%).  These were Holcus lanatus (182 quadrats) and Senecio jacobea (77 

quadrats).  Rumex crispus (20 quadrats) and Rubus fruticosus (16 quadrats) were also 

in the group of species found at all sites, despite having limited ranges in the 

environmental gradients.  According to Hodgson et al. (1995), all sixteen species are 



The West Lothian Question 

 47 Chapter 3  

native and perennial.  Vegetative regeneration is the main system of expansion in 

thirteen of the sixteen species (the exceptions are Dactylis glomerata, Cirsium 

vulgare and Taraxacum officinale).  All species except Urtica dioica form 

mycorrhizal associations.  The 16 species recorded on all bing sites in the base-line 

survey occupy a wide range of habitats, seed dispersal is predominantly by animal or 

wind and there were varying times and durations of flowering.  The species are, 

however, associated with a slightly wider range of soil pH (from 4-7) and a slightly 

lower range of seed weights, from less than 0.20 mg - 10.00 mg (1-5), in both main 

dispersal categories (Table 3.6) than the pre-survey species (Table 3.1).   

Table 3.6 The 16 vascular plants recorded on all bing sites. 

The 16 vascular species recorded on all eight bing sites are grouped by family; most 
common terminal habitat, soil pH, agency of dispersal and seed (dispersule) weight 
are also listed (Hodgson et al., 1995).  Species also recorded on all pre-survey sites 
are highlighted with an asterisk (*) 

Refer to the legend of Table 3.1, in section 3.2.1 for Habitat key, Soil pH key, Agency 
of dispersal key and Dispersule (Disp.) weight key. 

Species Family  Habitat Soil 
pH 

Agency of 
dispersal 

Disp. 
weight 

Centaurea nigra Asteraceae WASTEl 7c UNSP 5 
Cirsium arvense Asteraceae COAL 5c WINDp 4 
Cirsium vulgare   Asteraceae PASTl 5c WINDp 5 
Senecio jacobaea  Asteraceae QRYl 7a WINDp 1 
Taraxacum officinale agg.* Asteraceae MEADOW 7b WINDp 3 
Tussilago farfara * Asteraceae QRYl 7b WINDp 2 
Trifolium repens * Fabaceae PASTe 5c ANIMa 3 
Epilobium montanum  Onagraceae QRYl 7c WINDp 1 
Arrhenatherum elatius   Poaceae SCREE 7c ANIMa 5 
Dactylis glomerata  Poaceae MEADOW 7c UNSPag 3 
Holcus lanatus * Poaceae PASTe 5c UNSP 2 
Rumex crispus  Polygonaceae CINDER 6b UNSP 4 
Ranunculus repens  Ranunculaceae MEADOW 6c AQ/AN 5 
Rubus fruticosus   Rosaceae HEDGE 4b ANIMi 5 
Salix caprea * Salicaceae SCRUB 5a WINDp 1 
Urtica dioica * Urticaceae SOIL 6c ANIMa 1 

The baseline survey list of species present on all eight bings shared many 

autecological features with the pre-survey list (Table 3.1).  All species were 

perennials, they were all native (except Acer pseudoplatanus), all formed 
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mycorrhizal associations (except Urtica dioica), the main seed distribution agencies 

were animal and wind, and most of the species regenerated vegetatively.  Despite 

these similarities, only six of the 16 species recorded were common to both lists 

(Table 3.6).  

3.4.2 Species frequency, affiliation and richness 

To investigate the distribution and abundance of species in more detail their 

frequency and affiliation on the shale bings were compared.  The species recorded 

were sorted according to their presence as a percentage of all quadrats (frequency) 

and the top twenty vascular species were listed (Table 3.7).  Their affiliation, 

measured as mean cover where present, was also recorded.  This information was 

comparable with a study of the flora of spoil habitats in Sheffield by Grime (1986).  

Two cryptogams, Hypnum cupressiforme and Lophocolea cuspidata also had high 

frequencies and affiliations but comparative data were not available from the 

literature.  

Of the top thirteen most frequently recorded species, twelve were also recorded 

either in Grime's list or on all eight bing sites.  Leucanthemum vulgare however was 

recorded on only four of the eight bing sites yet had a frequency of over 36%.  This 

species is recorded as widespread and locally abundant in West Lothian (Smith et al., 

2002) and is recognised as being quick to colonise bare ground but is reported as 

being in decline in Scotland due to a loss of suitable habitats (Preston et al., 2002).  

This suggests that some of the bings may be acting as significant local refuge sites 

for this species.  Seven of the species appear on all three lists (Table 3.7): Three 

grasses, Arrhenatherum elatius, Holcus lanatus and Dactylis glomerata; three 

members of the daisy family, Cirsium arvense, Senecio jacobea and Tussilago 

farfara; and one nitrogen fixer, Trifolium repens.  All seven species are common or 

very common throughout West Lothian and have been recorded over a wide range of 

habitats (Smith et al., 2002).  Of the remaining species Epilobium montanum was 

recorded on all eight bing sites, and Myosotis arvensis and Hypochoeris radicata 

were recorded on seven sites.  E. montanum although prevalent in West Lothian is 

associated with woodland and M. arvensis is usually recorded as an arable weed. 
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H. radicata, in common with Senecio viscosus and Betula pendula, is closely 

associated with bing colonisation (Smith et al., 2002; Muscott, 1989).   

Table 3.7 The top twenty plants by frequency and affiliation. 

The top twenty vascular species recorded in the baseline survey of the bing sites 
listed by frequency and affiliation.  Two cryptogams with high frequencies are also 
listed.   

* (asterisk) denotes species that appear in the list of 20 most common vascular 
species of spoil habitats in the Sheffield region (Grime, 1986).   

# (hash) denotes species that were recorded on all eight bing sites. 

Species name Number 
of quadrats 

Frequency Affiliation 
(m.c.w.p.) 

Holcus lanatus * # 182 53.5 21.1 
Chamerion angustifolium * 141 41.5 8.5 
Arrhenatherum elatius * # 133 39.1 15.4 
Leucanthemum vulgare 124 36.5 8.4 
Deschampsia flexuosa * 123 36.2 39.1 
Trifolium repens * # 115 33.8 14.1 
Cirsium arvense * # 108 31.8 5.6 
Plantago lanceolata * 104 30.6 7.6 
Ranunculus repens # 89 26.2 8.0 
Tussilago farfara * # 89 26.2 6.5 
Cerastium fontanum * 84 24.7 2.2 
Centaurea nigra # 81 23.8 10.1 
Dactylis glomerata * # 79 23.2 9.0 
Festuca ovina  79 23.2 15.5 
Senecio jacobaea * # 77 22.7 2.7 
Senecio viscosus 69 20.3 5.3 
Myosotis arvensis 66 19.4 2.4 
Betula pendula  63 18.5 7.5 
Hypochoeris radicata 61 17.9 3.2 
Epilobium montanum # 60 17.7 1.9 
Hypnum cupressiforme 102 30.0 24.5 
Lophocolea cuspidata 64 18.8 27.1 

One species that did not occur on the list of frequently recorded species on the bings 

despite being recorded on all eight sites was Taraxacum officinale which had only 

10% frequency (recorded in 34 quadrats) and 2.3% affiliation (m.c.w.p.).  This 

demonstrated that some widely dispersed species were very sparsely distributed over 

a wide area.  In contrast many species recorded rarely, or in a limited number of sites 

and positions, were found as large associations of individuals.  Two examples are 
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Fragaria vesca, 6% frequency and 20.0% affiliation, and Polytrichum commune, 3% 

frequency and 16.4% affiliation.  

At the other end of the frequency scale, of the 211 total species from the baseline 

survey there were 48 vascular species (23%) recorded in five, or fewer, quadrats.  

These appeared, mostly singly, however one quadrat contained six rarely recorded 

species and another contained five (Table 3.8).   

Table 3.8 Six rarely recorded species.  

Rarely recorded species at the two Addiewell north quadrats (ANB1 and ANB2) are 
grouped by family; most common terminal habitat, soil pH, agency of dispersal and 
seed (dispersule) weight are also listed (Hodgson et al., 1995).  Asterisks (*) denote 
the species that were recorded in both quadrats. 

Refer to the legend of Table 3.1, in section 3.2.1 for Habitat key, Soil pH key, Agency 
of dispersal key and Dispersule (Disp.) weight key. 

Species Family  Habitat Soil 
pH 

Agency of 
dispersal 

Seed 
weight 

Cirsium palustre  Asteraceae PASTl 5c WINDp 4 
Carex flacca Cyperaceae SCREE 7c UNSP 2 
Carex nigra  Cyperaceae MIREu 3c UNSP 3 
Succisa pratensis Dipsacaceae PASTl 5b ANIMa 4 
Lotus pedunculatus Fabaceae MIREu 5b UNSP 2 
Juncus conglomeratus * Juncaceae MIREu 5c ANIMm 1 
Juncus effusus  Juncaceae MIREu 5d ANIMm 1 
Lysimachia vulgaris * Primulaceae MIREs 5c AQUAT 2 
Potentilla anserina Rosaceae MIREu 6c UNSP 3 
 

In contrast to the previous species lists (Tables 3.1 and 3.6) six of these nine species 

were associated with mires, only one species had wind dispersed seeds and none of 

the species had a seed weight greater than 2.00 mg.  This suggested that the habitat 

around these quadrats was not the same as in other parts of Addiewell north bing or 

any of the other seven bings.  The substrate may be less free draining than expected 

or still be affected by mine drainage or seepage.  Addiewell north is sited alongside 

Breich Water, a small river, and adjoins Auchenhard Moss, an extensive marshy 

area, that is likely to be a major source of seed rain on the northern aspect of the 

bing. 
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Both of the quadrats containing many, rarely recorded species were from Addiewell 

north, base (ANB1 and ANB2), which is protected as a nature reserve (Scottish 

Wildlife Trust Reserve) because of its wide range of habitat types.  It is important 

that the protected status is maintained.  If the shale substrate were extracted it could 

lead to the potential loss of the marshland habitat type, from the overall bing habitat.  

The loss of a site for Lysimachia vulgaris could be even more significant as the 

species is exceptionally rare throughout West Lothian (Smith et al., 2002), although 

this example may be a garden escape.  

Species richness was measured over the eight bing sites to investigate any variation 

in the overall species richness between sites.  The number of species recorded in a 

single quadrat ranged from 0 at Greendykes to 29 at Addiewell north.  Box plots 

showed that the median value for all sites was 13 species and individual bings had a 

median ranging between 10 and 15 species (Figure 3.5).  

 

Figure 3.5 Number of species recorded per quadrat on each bing. 

Box plots of the number of species recorded per quadrat (2 m x 2 m) in each of the 
eight bing sites contrasted with a box plot of the species recorded per quadrat in the 
baseline survey (all sites).  DS = Drumshoreland south; AN = Addiewell north; AS = 
Addiewell south; CL = Clapperton; DN = Drumshoreland north; GD = Greendykes; 
MB = Mid Breich; OB = Oakbank.   Asterisks (*) identify outliers in the data: 
measurements with a value lying between 1.5 and 3 times way from the middle 50% 
of the data, Q1 – Q3 (Minitab Inc. 2000). 

Q3 

Q1 

median 
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The extent of inter-quartile variation for all sites pooled was from 9 species (Q1) to 

16 species (Q2) with no individual bing site having an inter-quartile range greater 

than 7.5.  The least inter-quartile variation of 3 was recorded at Drumshoreland south 

and the greatest variation of 7.5 was recorded at Mid Breich.   

The quadrat data were re-arranged by position (as a measure of altitude) to describe 

variation in species richness within the bing sites (Figure 3.6).  The median (10-14 

species) and inter-quartile ranges (7-16 species) were similar to those for bing sites, 

demonstrating a comparable range of variation in species richness within and 

between sites. 

Figure 3.6 Number of species recorded per quadrat by positions (altitude). 

Box plots representing the range of number of species per quadrat recorded by 
position (as a measure of altitude) over all eight bings: plateau, top, middle, base 
and excavation.  Asterisks (*) identify outliers in the data: measurements with a 
value lying between 1.5 and 3 times way from the middle 50% of the data, Q1 – Q3 
(Minitab Inc. 2000). 

Finally the quadrat data were ordered by position-on-site to show any smaller scale 

differences in species richness between and within individual bing sites (Figure 3.7).  

The positions-on-site with the lowest median of 7 and the highest median of 16.5 

were found at the same bing, Addiewell south.  There were three positions-on-site 

with an inter-quartile variation of only three, GDT, DNM and ASB suggesting an 

evenness of species richness in these areas.  The number of species recorded at these 
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locations varied considerably.  ASB had the highest median of all positions-on-site 

and GDT the third lowest.  The greatest inter-quartile variation, of nine, was 

recorded at MBB suggesting a patchy distribution in species richness.   

 

 

 

 

Figure 3.7 Number of species per quadrat recorded by position-on-site. 

Box plots representing the range of number of species per quadrat recorded in 25 
positions-on-site over the eight bings.  Asterisks (*) identify outliers in the data: 
measurements with a value lying between 1.5 and 3 times way from the middle 50% 
of the data, Q1 – Q3 (Minitab Inc. 2000). 

The greatest overall range of species richness was found at GDB with recordings of 

0-24 species over 25 quadrats.  This possibly reflects the large size and potentially 

greater variation in habitat on this vast site (Greendykes bing).  The lowest overall 

ranges were found at ASB, DSB and DNT, with only a six-species margin between 

the minimum, and maximum recorded values.  The number of species recorded 

differed however, ASB and DSB had between 13 and 19 species per quadrat, and 

DNT had a minimum of four and maximum of only ten species.  
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Species richness, measured as the total number of species recorded at a location, 

varied considerably both between and within bing sites.  However frequency and 

affiliation of species (section 3.3.2) demonstrated that some species were recorded 

sparsely in a large number of quadrats with many others being recorded in clusters in 

a few quadrats.  This could indicate an overall diversity consisting of widely 

dispersed species combined with the clustered and random distribution patterns of a 

few dominant species, the apparent variation in richness of species being caused by 

the presence of one or a few rarely recorded individuals. 

3.4.3 Species diversity 

Species richness is often used as a simple index of diversity and has been discussed 

in section 3.3.2.  More informative diversity indices combine species richness with 

the relative abundance of individual species recorded within an area (e.g. individual 

quadrats) and the most commonly used of these is the Shannon-Weiner index (Kent 

and Coker, 2001).  

The Shannon-Weiner Index 

     s 

Diversity H'  =  -Σ  pi  log2  pi 
                                        i=1 

                s 

Evenness J   = H' / H'max  =  -Σ  pi  log2  pi / log2 s 
                                                                      i=1 
 
where  s = the number of species 
 pi = the proportion of individuals or the abundance of the ith species as a  

   proportion of total  cover 
log2  = logarithm to the base 2  

Values for the diversity index (H') are normally in the range 1.5 to 3.5, although in 

exceptional cases they can be as high as 4.5.  Evenness of species (J) has a maximum 

value of 1 where all species present have equal abundance.  The range of diversity 

was between 0.50 and 4.31 over the 340 quadrats in the base-line survey.  Twenty-

nine of the quadrats had indices lower than 1.5 and 19 of the quadrats had indices 

above 3.5 but the species diversity falls within the normal range of H' in 87% of 

quadrats.  A high diversity index however is not necessarily indicative of a high 
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evenness score.  It is the relationship of both the H' index and J scores with the 

number of species in the area measured (in this instance the 2 m x 2 m quadrat) that 

gives information on patterns of species diversity, richness and evenness (Table 3.9 

and Appendix 7).  

Table 3.9 Examples of Shannon-Weiner indices. 

Ten example quadrats selected from the base-line survey.  Three with high, 3 with 
medium and 4 with low species diversity relative to the diversity of the 340 quadrats 
recorded in the base-line survey.  These demonstrate that groups of quadrats with 
the same or similar Shannon-Weiner diversity indices (H' has a normal range of 1.5-
3.5) will have different scores of species evenness (J measured on a scale of 0-1) and 
number of species recorded (no. of spp.).  The Shannon-Weiner indices for all 340 
quadrats are in Appendix 7. 

 quadrat H' J no.of spp 
high   ANB1 4.31 0.90 28 
diversity CLT8 4.17 1.00 18 
 GDB2 3.55 0.81 21 
     
'normal' DNP3 2.98 0.83 13 
diversity CLB9 2.98 0.90 10 
 OBT6 2.98 0.71 18 
     
low AST9 1.30 0.41 9 
diversity CLB5 1.00 0.31 9 
 MBB2 1.20 0.76 3 
 AST4 0.75 0.47 3 

The high diversity group represents the 19 quadrats with a score greater than 3.5 in 

the diversity index (H').  They demonstrate that although there was a large number of 

species recorded in each of the three quadrats the species are evenly distributed.  

They also illustrate how similar results need to be studied carefully.  GDB2 had the 

lowest evenness score of these 19 quadrats (J = 0.81) mainly caused by clumps of 

Deschampsia flexuosa, Ranunculus repens and Chamerion angustifolium each 

covering 20% of the quadrat while the remaining 18 species were recorded at 

between 1% and 5% cover.  CLT8 had a perfectly even distribution with all 18 of the 

species recorded at only �1% cover (and 95% bare ground).  ANB1 also had an even 

distribution with 20 of the 28 species recorded at between 5% and 10% cover and no 

larger clumps of species.  The group representing quadrats from the normal range of 

diversity had the same H' value and shows that when diversity is the same, evenness 
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is negatively correlated with the number of species recorded.  Hence the lowest J 

value (0.71) corresponds to the highest number of species recorded (18) in OBT6 and 

the highest J value (0.90) corresponds to the lowest number of species recorded (10) 

in CLB9.  The examples of low diversity indices are two pairs of quadrats, each with 

the same number of recorded species, that display different H' and J' values.  The two 

quadrats with nine species, AST9 and CLB5, had similar scores for both diversity 

and evenness.  AST9 was dominated by Deschampsia flexuosa (80%) with the 

remaining eight species recorded at 5% cover or more.  CLB5 was dominated by 

Medicago lupulina (90%) with the remaining species recorded at 1% cover.  The 

diversity and evenness scores of the quadrats with only three recorded species, 

MBB2 and AST4, are more dissimilar, particularly the J scores.  The relatively high J 

score for MBB2 demonstrates that the three species were each recorded at �5% cover 

with a high percentage of bare ground in the quadrat (similar to the 'perfect' evenness 

shown in CLT8, with a high diversity score).  Conversely AST4 was dominated by 

Deschampsia flexuosa (90%) and the other two species recorded with only 5% cover.  

The Shannon-Weiner Index of diversity and related evenness scores for the 

individual quadrats reinforced the evidence of variability in the bing vegetation 

suggested in the previous section (3.4.2 Species frequency, affiliation and richness) 

and demonstrated the intricacy and variation in the distribution of assemblages of 

recorded species.  This new information could now be integrated with the standard 

species attributes from literature that were introduced in the pre-survey 

classifications.  

3.4.4 Ordination by ecological indicator values (Ellenberg)  

Of the 182 vascular plants recorded in the baseline survey over all bing sites, 34 

species have not been allocated Ellenberg indicator values (Hill, et al., 1999).  The 

indicator values for L (light value), F (water value), R (reaction value), and N 

(nitrogen value) were considered to be the most relevant to the vegetation.  The pre-

survey classification gave a strong indication that salinity is not a limiting factor on 

the bings, and K (continentality) and T (temperature) values are not calculated by 

Hill et al. (1999) as they are not considered to be an issue in Britain.  The species 
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were ranked according to their allotted indicator values and the range of values for 

each indicator were recorded and the results were compared with the pre-survey data 

(Figure 3.8) to reveal the likely attributes of the bing sites.  It is important to note that 

although R is an indicator of acidic and basic soils the values are not synonymous 

with pH values. 

Figure 3.8 The percentage of recorded species assigned to each value within the 

range of Ellenberg numbers 

The percentage of recorded baseline species     and pre-survey species      assigned to 
each value within the range of Ellenberg Indicator Values (Hill, 1999) are 
compared.  L (light) ranging from 1 (plant in deep shade - none in UK) to 9 (plant in 
full light).  N (nitrogen) is a general indicator of soil fertility ranging from 1 
(extremely infertile) to 9 (extremely rich).  F (moisture) ranging from 1 (indicator of 
extreme dryness) to 12 (submerged plant).  R (reaction) measured as soil or water 
pH ranging from 1 (indicator of extreme acidity) to 9 (indicator of basic reaction). 

This simple ordination showed clearly that the distribution of species within each of 

the Ellenberg categories was similar for the baseline and pre-survey records.  In both 

studies a large proportion of the species recorded had high requirements for light and 

for neutral to basic reaction.  Although a few species had requirements for extremely 

rich soil (N�8) the remaining species were distributed, almost evenly, between 

requirements for low and medium nitrogen values.  In the baseline survey no species 

were recorded at high (>8) water values.  Moisture values have a broader range than 

the other indicators therefore values of 7 and 8 are "damp site indicators, mainly on 
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constantly damp, but not wet, soils" (Ellenberg, 1988).  The distinction in moisture 

range between the baseline and pre-survey records probably reflects the inclusion of 

coal spoil vegetation in the pre-survey data.  Coal spoil is widely recognised as 

having very poor drainage.  Ordination using Ellenberg indicator values produced an 

overall picture of the baseline survey bing habitats as a high light, neutral to basic 

environment with moist to free draining soil and considerable variation in nitrogen 

availability.  The similarities between the results of ordination of the baseline data 

and the pre-survey data reinforced the earlier assumption (Section 3.2.2 Pilot study) 

that frequent surveys to monitor changes in the vegetation and habitat conditions was 

not necessary.  

3.4.5 Ordination by functional type (C-S-R) 

If the information generated by the methods of classification and ordination 

described in earlier sections were correct it could be confirmed using other standard 

classification methods.  The species recorded on all sites were grouped by C-S-R 

functional type (Appendix 8) and a C-S-R signature of the baseline data was 

calculated for comparison with the pre-survey data as described in section 3.1.4.  The 

species were then grouped according to site, position and position-on-site, and 

individual C-S-R signatures were calculated for each location.  Signatures were also 

calculated using a list of 1000 common European species (Fangmeier, et al., 2003) 

and of the 500 common British species described by ECPE (Hodgson et al., 1995) as 

benchmarks for comparison (Figure 3.9 a, b, c and d).   

The 'by position' signatures (Figure 3.9 a) are clustered together near the CSR point 

and within the R:CR:CSR:SR sector of the triangular ordination.  The plots 

approximately follow the CR axis with the base, middle and plateau points closer to 

C and the top and excavation points closer to R.   

The 'by site' signatures (Figure 3.9 b) approximately follow the RS axis.  They are 

less closely grouped than the signatures by position.  Five signatures are within the 

R:CR:CSR:SR sector, the plots run from MB at CSR, via DN, GD and CL, to DS at 

CR/CSR.  Three signatures are within the C:CR:CSR:SC sector, the plots are 

grouped closely to CSR.     
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Figure 3.9 Ternary plots of C-S-R signatures 

Ternary plots of the C-S-R signatures for species recorded at a] positions, b] sites 
and c] position-on-site demonstrating the variation between and within sites.  For 
comparison d] benchmark signatures were calculated using the full baseline and pre-
survey species lists, and the published lists of 500 British (Hodgson et al., 1995) and 
1000 European (Fangmeier et al., 2003) species.  
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The 'by position-on-site' signatures (Figure 3.9 c) are less closely grouped than the 

'by site' and 'by position' signatures and are spread over a larger area of the graph.  

There are points in all three sectors.  Two plots from MB appear in the S:SC:CSR:SR 

sector, the only plots that tend towards S. All three CL plots tend strongly toward R 

and the AN and OB plots tend toward C. The remaining 14 plots are interspersed, 

with no obvious groupings relating to site or position.   

The signatures calculated as benchmarks (Figure 3.9 d) are in all three sectors of the 

triangle.The signature of the European species lies within the S:SC:CSR:SR sector 

and the signature of the British species fractionally within the R:CR:CSR:SR sector.  

The baseline signature is also in this sector but lies toward the CR axis.  The pre-

survey signature is within the C:CR:CSR:SC sector a similar distance from the 

British signature but lying toward C.  

As with the classifications described earlier in this chapter, the ordination by C-S-R 

functional type tantalisingly displayed that there was variation in vegetation between 

and within bing sites but did not produce any definitive divisions.  The CL 

(Clapperton) positions could tentatively be classed as closer to R/CSR than the other 

positions-on-site (Figure 3.9 c).  A series of more complex ternary plots with bubble 

points is presented in Appendix 9 to demonstrate the variation in functional type 

within each of the signature points illustrated in Figure 3.9. The implication from the 

benchmark C-S-R signatures was that common European species tend towards stress 

tolerant strategies by comparison with common British species, that the baseline 

signature tended toward CR strategies and the pre-survey signature toward C 

strategies compared to that for Britain as a whole.  The lack of clarification suggested 

that site, position and position-on-site may be pooling data on too large a spatial 

scale to identify vegetation patterns in the bing habitat.    

3.4.6 Ordination by National Vegetation Classification (NVC)  

ComKey (Legg, unpublished) is a computer program designed to compare relevé and 

community data with NVC communities (Section 3.3. and Appendix 10).  The 

species data from 340 quadrats were matched to their closest NVC communities 

using three different matching coefficients:  
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1. Dominance Constancy (DC) - Tests if the most abundant species in the sample 

have a high constancy in the community.  Calculates a mean of the constancy 

value which is weighted by the ranked abundance of the species.  Takes 

community presence-class into account but not abundance in sample.  Suitable 

for single relevé data (described in Hill, 1989). 

2. Hill’s G (Hill, 1989) - A weighted combination of compositional satisfaction 

(CS), dominance satisfaction (DS) and dominance constancy (DC).  

0.5* CS + 0.25*DS + 0.25*DC 

CS is based on the expectation that 85% of species in presence class V should be 

present in the sample (described in Hill, 1989). 

DS tests if the sample cover is similar to that of the potential dominants in a 

community (species with a presence class of III, IV or V and a maximum cover 

of Domin 5 or upwards).  It uses a similarity index based on the expectation that 

85% of species in presence class V will be present, 65% of species in presence 

class IV will be present and so on (described in Hill, 1989) 

3. Presence weighted and species match - give weight to species abundance when 

they appear in both the sample and the NVC community (full descriptions of all 

coefficients available in ComKey are in Appendix 10).   

Dominance constancy and Hill's G were selected as being the most suitable for use 

with single relevés and incomplete data sets.  This was based on their descriptions by 

Hill (1989).  The third (combined) coefficient was considered to be particularly 

suited to the developing vegetation on the bings because the combination gives 

weight to the most frequent species and those species with fidelity to a limited 

number of NVC communities while disregarding species that are missing from the 

recorded sample.  The matches are also suited to single relevé data.   

The coefficients classified the 340 quadrats within all NVC vegetation types from 

swamp (S) to sand dune (SD) and there were obvious disparities in the results caused 

by the different matching criteria in each of the methods (Table 3.10).  It should be 

reiterated that 2 m x 2 m quadrats, as used in this study, are not the optimum 

recording size for every type of vegetation.  Woodland and scrub is normally 

recorded on a larger scale (Section 3.3.1 Data collection).  However Rodwell (1991a) 
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elected to use this size for most herbaceous vegetation and heathland when 

compiling data for NVC, only using larger quadrat sizes when vegetation was taller 

or more open (the defining criteria of tall and open are not given).    

The individual quadrats were matched to a wide range and number of NVC 

communities within each NVC type and the distribution did not follow the same 

pattern for each coefficient.  There was considerable variation in agreement between 

the three matching coefficients in allocating quadrats to different communities (Table 

3.11).  Matching by Dominance Constancy classified the quadrats into 69 NVC 

communities, by Hill’s G classified the quadrats into 70 NVC communities, and by 

the Combination of weightings classified the quadrats into 53 NVC communities. 

Table 3.10 NVC types  

The number of individual quadrats allocated to each NVC vegetation type by the 
three matching coefficient methods; Dominance constancy, Hill's G and the 
Combination coefficient. 

NVC type Dominance 
Constancy 

Hill’s G Combination 

CG (calcicolous grassland) 24 24 22 
H (heathland) 92 35 9 
M  (mire) 5 3 2 
MC (maritime cliff) 24 7 1 
MG (mesotrophic grassland) 81 146 189 
OV(other vegetation) 73 51 62 
S (swamp) 0 1 0 
SD (sand dune) 3 10 9 
U (calcifugous grassland) 21 30 13 
W  (woodland and scrub) 16 32 32 
no vegetation 1 1 1 
total no. of quadrats 340 340 340 
 

Table 3.11  Agreement between matching coefficients 

Agreement between different matching coefficients in categorising individual 
quadrats to different NVC communities.  

NVC match agreement no. of quadrats 
all three agreed 27 
Hill’s G + Dominance Constancy 100 
Hill’s G + Combination 81 
Dominance Constancy + Combination 37 
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Although there was substantial disparity in the matching of individual quadrats to 

NVC communities, the three different coefficients agreed that most of the plant 

communities recorded in quadrats from Greendykes plateau and top areas were 

closest to CG (calcicolous grassland) types.  Those recorded from Addiewell north 

top area were closest to H (heathland) types, those from Greendykes base area were 

closest to MG (mesotrophic grassland) types and those from all Clapperton areas 

were mainly closest to OV (other vegetation) types  (complete list Appendix 11).    

To test these results the quadrat data were grouped by position-on-bing and the 

species frequencies were matched to their closest NVC community (Table 3.12) 

using a combined Matched Frequency and Species Match weighting (Appendix 10).  

This confirmed Greendykes plateau site (GDP) as nearest to NVC calcicolous 

grassland (CG) types and Clapperton (all sites CLT, CLM and CLB) as nearest to 

NVC other vegetation (OV) types.  The NVC matches for Addiewell north top site 

(ANT) and for Greendykes base site (GDB) were both woodland (W) types, different 

from the individual quadrat matches for these positions.  The "second best" match 

was also noted because in many instances despite the scores being similar, or in some 

cases the same, this was a different type and community from the best match (ANM 

= MG1 and W9). 

There are several possible reasons for the apparent discrepancies between matches.  

There may be more than one vegetation type present within each position-on-site 

grouping, as suggested in previous classifications and ordinations.  The bing plant 

communities are probably still developing and therefore represent incomplete species 

lists for comparison with NVC communities.  It is also possible that the vegetation 

on the oil-shale bings is as unique as the bings themselves and does not comply with 

the abstract classifications of standardised communities.  

In an NVC survey it usual to sample from within a “reasonably homogeneous stand” 

of vegetation (Rodwell, 1991), then confirm or clarify the community type.  The 

quadrat data collected in the base-line survey were artificially grouped by their 

similarity to particular named plant communities and these, in many instances, 

corresponded with particular locations within bing sites.  If these sets of quadrats had 
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been collected in a standard NVC survey then they would be classed as certain 

communities.  There is a danger, however, that emphasis on classifying as a way of 

describing the vegetation patterns on the bings will result in the loss of awareness of 

the dynamics of the successional processes by "putting concrete vegetation into 

abstract boxes" (Legg, 1992) 

Table 3.12 The best and next to best NVC community matches 

The best NVC community matches for each position-on-site by matched frequency 
and species match.  The second nearest match is also shown for comparison.  To 
demonstrate how close the second matches are to the first, the matched frequency 
and species match scores are shown with the second match score in brackets.  
Asterisks (*) highlight matches where the score is the same, or greater (for species 
match) for the two communities. 

The first two letters of the site donate the bing name.  AN = Addiewell north; AS = 
Addiewell south; GD = Greendykes; DN  = Drumshoreland north; DS = 
Drumshoreland south; CL = Clapperton; MB = Mid Breich; OB = Oakbank.  The 
suffix letter donates the position.  B = base; M = middle; T = top; P = plateau; E= 
excavation. 

position-on-site NVC  second match matched  species  
 community  frequency match 
ANB MG9 MG1 43  (42) 27/53  (24/53) 
ANM MG1 W9 41 * (41) 30/61 (29/61) 
ANT W9 W11 40  (36) 28/60 (26/60) 
ASB W8 W10 34  (33) 23/52 (22/52) 
ASE SD8 CG2 44  (39) 22/40 (20/40) 
ASM MG1 MG9 41  (35) 30/62 (25/62) 
AST SD8 MG9 49  (48) 26/44 (24/44) 
CLB OV10 OV23 40  (39) 38/81 (37/81) 
CLM OV10 OV19 51  (43) 34/54 (28/54) 
CLT OV10 OV9 54  (49) 29/41 (26/41) 
DNB CG3 SD8 39  (36) 20/41 * (21/41) 
DNM  MG1 OV23 47 * (47) 21/33 * (21/33) 
DNP W8 OV9 33  (32) 7/19   * (8/19) 
DNT  MG1 OV23 53 * (53) 12/17 * (12/17) 
DSB OV23 MG1 45  (44) 28/49 * (29/49) 
GDB W24 W8 37 * (37) 27/59 (26/59) 
GDP CG2 CG4 44  (43) 26/44 (24/44) 
GDT SD7 OV23 47  (41) 22/41 (21/41) 
MBB MG1 SD8 32  (31) 28/73 (26/73) 
MBE CG2 SD8 38 * (38) 24/50 (23/50) 
MBM U1 SD8 35  (34) 22/52 * (22/52) 
MBT U20 U1 41  (37) 9/21   * (10/21) 
OBB W10 W24 41  (28) 28/61 (27/61) 
OBM W10 W8 45  (42) 30/56 (29/56) 
OBT MG1 MG9 47  (45) 28/43 (26/43) 
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As there was no definitive classification it was decided to determine vegetation 

patterns and potential communities of species using numerical analysis.  Formal 

analyses of the data were made by two-way indicator species analysis using the 

TWINSPAN (Hill,1979) routines implemented in PC-ORD version 3.0 for Windows 

(McCune and Mefford, 1997). 

3.4.7 Classification Using Two-Way Indicator Species Analysis  

PC-ORD is a formal computer package that, among other things, performs two-way 

indicator species analysis (henceforth referred to as TWINSPAN3) on vegetation 

data.  It does not use environmental information but classifies vegetation by the 

abundance of species and constancy of occurrence with other species as recorded in 

individual quadrats.  Analysis was set at five levels of division because the majority 

of groups generated had fewer quadrats than were recorded at any single position-on-

site (9 groups represented � 4 quadrats), and further divisions could be based on the 

presence or absence of individual species.  The analysis resulted in 28 groups of 

quadrats (Appendix 12), a small number in comparison with the number of NVC 

communities generated (Section 3.4.6).  TWINSPAN also allocated the 100 most 

frequently recorded species into 18 groups from the divisions in the data (Appendix 

13).  The decision was made to use only these 100 species in the analysis because the 

main objective was to establish that associations of species recurred to form 

recognisable patterns in the vegetation.  There has been no attempt to reassess the 

validity of the divisions of TWINSPAN for the same reason.   

Several of the TWINSPAN quadrat groupings coincide with individual bing sites 

(Table 3.13 a).  Quadrat groups 01000 and 01001 (both within the 3rd level division 

010) contained only quadrats from Greendykes bing (CR/CSR in Figure 3.8 b) and 

accounted for 31 out of the 70 quadrats recorded for that site.  The predominant 

species in this group were Euphrasia nemorosa, Hypnum cupressiforme and 

Trifolium campestre.  H. cupressiforme had already been recognised as being present 

                                                 

3 Technically TWINSPAN is the name of Hill’s (1979) original computer programme.  This is re-
implemented in PC-ORD.  Two-way indicator species analysis is the type of analysis done by 
TWINSPAN. 
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on all bing sites but was particularly prolific on Greendykes.  E. nemorosa 

(hemiparasite) and T. campestre (nitrogen fixer) are both annuals, SR strategists and 

associated with pH levels of 6 or greater (Hodgson et al., 1995) and with indicator 

values of R=6 and N=4 (Hill, et al., 1999) suggesting a basic, low nutrient substrate. 

Table 3.13 TWINSPAN groupings by site and position 

The pattern of quadrats from each bing site a] and position b] allocated to the 
TWINSPAN groups.  Site codes are as defined in Table 3.4.  Position codes are as 
defined in Table 3.5.  The first 3 (of 5) levels of division in TWINSPAN are indicated 
1st level  2nd level  3rd level 

a]          b]      
Twinspan quadrats by site  Twinspan quadrats by position 
group an as cl dn ds gd mb ob  group b e m p t 
00000       3   00000  1 2   
00001       2   00001  1   1 
00010 18 19 3   15 7 8  00010 49  14 2 5 
00011 18 6     12 1  00011 5 4 12  16 
00100  18     2 6  00100 2 3 11  10 
00101 1 1      18  00101 5    15 
00110 2 7 11  10 1    00110 21 5 4  1 
00111  2     7   00111 2 3 2  2 
01000      15    01000 2   3 10 
01001      16    01001    15 1 
01010       1   01010   1   
01100   1 1  4    01100 5  1   
01101    7      01101 6  1   
01110   1 4  5    01110 2  2  6 
01111    8  1    01111 4  5   
10000    4      10000   1  3 
10001   2 2  1    10001 2  1  2 
10010      4    10010 1    3 
10011   2   2 4   10011 1 2 3  2 
10100   10       10100 1  7  2 
10101   11       10101   2  9 
10110  1 10       10110 4 1 6   
10111   2  1     10111 1  2   
11000    9      11000    9  
11001    4  1    11001    1 4 
11010      2 2   11010 1  1  2 
11011    1      11011     1 
111--      2    111--     2 
 Total 39 54 53 40 11 70 40 33   Total 115 20 78 30 97 
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When the sites are grouped by position (Table 3.13 b) the same two divisions that 

were identified in Table 3.13a, 01000 and 01001, are linked to the top and plateau 

quadrats of Greendykes respectively.  Despite most species being recorded in both 

positions several grassland species (Dactylis glomerata, Arrhenatherum elatius, 

Plantago lanceolata, Heracleum sphondylium) had considerably higher abundance in 

the plateau quadrats than in the top quadrats.  Also some species that are associated 

with disturbed ground were recorded only in the top quadrats (Reseda luteola, 

Senecio viscosus, Myosotis arvensis).  This convincingly separates the vegetation on 

the stable plateau from the vegetation on the sloping sides near the top of 

Greendykes bing. 

Quadrat groups 10100, 10101, 10110 and 10111 (within the 101 3rd level division) 

contained 33 of the 53 quadrats recorded at Clapperton (all positions are 

represented), plus one quadrat from Addiewell south and one from Drumshoreland 

south.  These groups are predominantly composed of weedy species that are 

associated with disturbed habitats and are matched to NVC vegetation types OV10 or 

OV19 when entered into ComKey.  The main species linking the groups are Senecio 

viscosus, Reseda luteola, Cerastium glomeratum and Tripleurospermum inodorum.  

All are annual or biennial, R or R/*4 strategists and associated with pH levels of 6 or 

greater (Hodgson et al., 1995) and with indicator values R=6-8 and N=5/6 (Hill, et 

al., 1999).  This species combination indicates higher nutrient availability in a basic 

substrate.  These four species also appear together in the only robust TWINSPAN 

species grouping by C-S-R strategy,11101, a group that contains 12 of the 22 R and 

R/* strategists (Table 3.14).   

Quadrat groups 01001(Greendykes) and 11000 (Drumshoreland north) held only 

plateau quadrats from unmanaged bings (Table 3.13 b) however the two locations 

varied considerably.  Quadrat group 01001, Greendykes plateau, was covered in 

continuous vegetation and keyed out to NVC type CG2, whereas there was a high 

                                                 

4 The asterisks in this section have the same function as those in a Boolean search.  They represent any 
of the possible suffixes that can occur with the specified prefix letter within C-S-R functional groups.   
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percentage of bare ground at Drumshoreland north plateau (11000).  This was a 

group of species poor quadrats containing Sagina procumbens, an indicator of 

salinity (Hill, et al., 1999) that matched OV10 when keyed into ComKey. 

Table 3.14 TWINSPAN groupings of individual species by C-S-R strategy 

The species allocated to each C-S-R strategy type are allocated to the TWINSPAN 
species groups.  The first 3 (of 5) levels of division in TWINSPAN are indicated 1st 
level       2nd level       3rd level  

Twin- C-S-R  strategies allocated to each species  
span 
group 

c c/ 
cr 

c/ 
csr 

c/ 
sc 

cr cr/
csr 

csr r r/ 
cr 

r/ 
csr 

r/ 
sr 

s s/ 
csr 

s/ 
csr 

s/ 
sc 

sc sc/
csr 

sr sr/
csr 

x Grand 
Total 

00000 1    1    1            3 
00100   2  1       1      1   5 
01000      1 2   1           4 
01010   1    3       1  1     6 
01011   1 1 1           1  2  2 8 
01100    1 1 2 4 1  1 1 1 1 1 1     2 17 
01101 1 1 1 1 2  2       1  7   1 6 23 
01110     2         1   1  1 1 6 
01111        1             1 
10000 1      1              2 
10100 1                    1 
10101 1        1  1         1 4 
10110     2                2 
11000     1     1          1 3 
11100     1                1 
11101        7 1 2 2          12 
11110                  1   1 
11111          1           1 
Grand 
Total 

5 1 5 3 12 3 12 9 3 6 4 2 1 4 1 9 1 4 2 13 100 

Quadrat group 00101 accounted for 18 of the 33 quadrats for Oakbank, plus one each 

from Addiewell north and south.  Fifteen of these quadrats were from top positions 

and five from the base.  These groups were dominated by species present in the 

commercial grassland/wildflower seed mixtures that were sown on these sites during 

reclamation (Appendix 1): Poa trivialis, Sanguisorba minor and Trifolium pratense.  

The best NVC vegetation match was CG2.   

Quadrat groups 01100, 01101, 01110 and 01111 contained 20 of the 40 

Drumshoreland north quadrats plus 10 quadrats from Greendykes.  The groups were 

recognised by Chamerion angustifolium, Tussilago farfara and Holcus mollis.  These 
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are all perennials, C or C/* strategists but with a wide range of indicator values for 

both R and N (3-6).  The groups fitted a variety of NVC types as best match (MG1, 

CG3, OV23 and W24) but the next best matches were all SD8 or SD7 suggesting 

that there was a higher degree of disturbance in these areas preventing a more stable 

vegetation type (or types) from developing (Tables linking TWINSPAN quadrat 

groupings with the NVC matches from different co-efficients can be seen in 

Appendix 14). 

Although TWINSPAN did not use environmental factors in the analysis of the data 

there appeared to be some indication that the species groupings were related to 

features of the physics and chemistry of the substrate but particularly that there were 

differences between bings.  The TWINSPAN quadrat groupings were quite robust in 

some divisions, linking very clearly to sites, positions or positions-on-site although 

the TWINSPAN species groupings (with two exceptions) were not obviously 

representative of any formal classifications (NVC or C-S-R). 

3.5 Discussion and Conclusions 

The lack of previous research on the West Lothian shale bings has made it difficult to 

approach this project with clearly defined ideas of what to expect, of both the bing 

sites and the vegetation growing on them.  The assumption has been made that any 

vegetation growing on the bings has colonised by natural processes or with 

unintentional anthropogenic interference, and that this is primary succession, unless 

there are specific planting records in the West Lothian Council archives. The variety 

of plant assemblages recorded does not appear to be limited by the species 

depauperate vegetation of the surrounding agricultural and urban landscape despite 

the nineteen bing sites sharing a common local (West Lothian) propagule source. 

Literature suggests that early colonisers will have highly dispersible propagules, 

early reproduction, high allocation of resources to reproduction and large numbers of 

offspring, and will be wind dispersed annuals.  This assumption is based on 

MacArthur and Wilson's (2001) density dependant model (r- and K-selection) and 

would presume a predominance of R-strategist species (Grime, 1974).  This was not 
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the case however.  Both the pre-survey records and the baseline survey showed that 

although the majority of common species on the bings were wind dispersed, they 

were also perennials.  However interpretation from literature can distort the meaning 

of the original.  The mechanism conferring high r can be either high fecundity or 

early reproduction or a low rate of mortality.  MacArthur and Wilson stated that " it 

is clear that the good colonizer has a large r, which is achieved by a low mortality 

rate rather than a high birth rate".  Grubb (1987) elaborated on this theory and 

proposed that short lived, highly fecund species would only be found on stable sites 

with adequate water and nutrient resources.  If sites were unstable or had inadequate 

resources then species would be long lived, and in combination sites (e.g. lava flows 

and shingle) pioneers would be both long and short-lived species.  This would seem 

to explain the situation on the shale-bings where there is a combination of strongly 

competitive species and ruderals.   

The initial investigations of this study indicated that nutrient availability might be 

patchy within sites.  Many of the sites have unstable or frequently disturbed areas 

either from steep slopes or recreational use.  Grubb (1987) asserts that the 

dipersibility of species is significant to colonisation ability, also plants that are more 

tolerant of lower nutrient availability are best suited to early succession.  In 

physically unstable sites vegetative propagules are important to colonisation success.  

More detailed investigation of the mechanisms of dispersal in individual species in 

relation to the areas where they were recorded is required to test whether this 

assumption is true of the bing sites. 

Some general hypotheses on the requirements of recorded species, as determined by 

indicator values (Hill et al, 1999), and the bing substrate have been suggested by the 

pre-survey investigations (Section 3.2). 

• There is a strong requirement for light by most colonising plant species. 

• There is a wide range of pH in the substrate, from acid to alkaline. 

• There is a wide range of nitrogen availability, from poor to rich. 

• The substrate is mainly free draining to the point of dryness. 
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The baseline survey classifications supported these postulates and identified a wide 

range of species groups and plant communities growing on the shale substrate of the 

bings, but were unable to allocate the groups to standard types or communities.  The 

evidence from the classifications demonstrated that the bing habitat was not a single 

plant community, nor were individual bings discrete communities.  Frequency of 

occurrence of species as a measurement of species composition indicated that bings 

were not homogeneous sites and that plant communities, if they were present, were 

occurring at a smaller scale than position-on-bing.   

The vagaries of the different frequency lists (Tables 3.6, 3.7 and Grime, 1986) 

highlighted the potential dangers of drawing conclusions about the structure of 

vegetation based on dominant species in industrial spoil habitats.  The frequency of 

occurrence of individual species however, both dominant and rarely recorded, raised 

potentially interesting questions about distribution patterns and their causes.  Patterns 

in vegetation were shown to have a relationship to spatial distribution and frequency 

of individual species, information that was not available from pre-survey data.  There 

were small groups of plant species that appeared to be indicative of distinct limiting 

factors within the measured environmental ranges (section 3.4.1).  The results 

suggested that species associations were influenced by environmental features.  

Altitude, angle of slope and aspect of bing surfaces and percentage of bare ground 

recorded in quadrats may be important factors in the outcome of vegetation patterns.  

The collection of further environmental data, including pH and soil nutrients, may 

show more obvious clines in vegetation relating to these gradients.   

3.5.1 Summary 

The initial objectives of this study were to detect any recognisable patterns in the 

vegetation and to ascertain whether the resulting species associations represented 

plant communities recognised elsewhere in Britain, as outlined in the introductory 

paragraph of this chapter.  Species associations did not appear to equate with 

standard vegetation types or classification.  However, recurring species groupings 

and irregularities in individual species abundance and distribution were identified 

and these varied both between and within different bing sites providing an 
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identifiable structure to the vegetation.  The assigned ecological traits of the species 

associations within the vegetation indicated that this could be due to considerable 

variation in the physical and chemical habitat.  This generated the hypothesis that 

species associations and variations in individual species abundance will follow 

measurable gradients in the physical or chemical environment.   

 


