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Abstract

This work is a study in plant distribution, phytogeography. It covers the identification, classification and
interpretation of landscape-scale patterns within the British and European floras.

I show the implementation and characteristics of a new mathematical method for species group
definition. This method provides an objective, multistage procedure which extracts both well-known
and previously undetected species groups. Application of this method to the complete native British
flora found fresh phytogeographical groups and confirmed familiar groups such as calcicolous, coastal
and montane species. Many of these groups are shown to be formed by broad-scale environmental
variables. The new classification of the British flora is detailed.

Classification of the European flora revealed wider phytogeographic patterns. Differences between
species richness and group densities highlighted regional variations of alpha and beta diversity across
regions, as well as indicating distributional differences between national and continental scales.

Finally, I investigate the utilisation of species distribution patterns within mathematical ecology.
Nestedness of bryophyte species is considered with particular reference to climatic influence. The results
show the relative geographical correspondence of the species in each group, indicate those species that
do not fit the general pattern and give the overall geographical similarity of each class. I also examine the
effect of species patterns on species-area relationships. Different results may be obtained from the choice
of the initial site or by the scale used. Increasing scales caused a decrease in the power law exponent, z,
and low species density in the initial study area was strongly linked to high z values.

Species distributions are spatially uneven and repeat across many taxa, they allow classifications of
distributions and influence outcomes of theoretical and practical studies. My new classifications provide
a reference point for future studies and, combined with further mathematical research, will offer insights

into the relationships between species.



Acknowledgements

No scientific work stands in isolation or exists without the aid of others. To this end I would like to thank

the following for their assistance during the course of this project:

My supervisors, Mick Crawley and Chris Preston, for their advice, imagination and perseverance:

the best ideas come from the wisest heads.

Mark Hill for the many suggestions involving the mathematics of this thesis and for corrections of

historical, bryological and numerical fact.

The many staff at C.E.H. Monks Wood, including Henry Arnold for help in the production of the maps
in chapter 3 whose knowledge and assistance with BRC data holdings is unrivalied; David Roy, 2 man
whose ability to furnish one with esoteric data-sets should not be underestimated; and Pete Rothery for
ensuring that my statistical analyses were on track. A mention should also go to the C.E.H. library staff,

Pam Moorhouse and Helen Suddaby for tracking down some of the more elusive references.
NERC for their sponsorship of this project.

Finally I must thank my parents Janice and Mike without whose love and support none of this would

have been possible.



Contents

2

1 Introduction 12
LT ObJectives . . . . . v vt it e e e e e e e e e e 12
12 Relevance . . . . . o o v vt e e e e e e e e e e e e e e 12
1.3 Background . . . . . . . .. e e e e e e e 13

1.3.1 History of British Phytogeography . . . . . .. .. ... ... oo 13
1.3.2 Distribution mapping . . . . . . o 0t h e e e e e 17
1.4 Species distribution miscellanea . . . . . . . .. . oo oo 20
1.4.1 Hotspotsand alienspecies . . . . . ... .. v i i e 20
1.42 Tracking change indistribution . . . ... ... ... ... .. 22
1.5 Technical DOLES . . . . . . v o i i i e e i e e e e e e e e e e e 23
1.6 ThesisoUtline . . . . . v v i i i it it e et e e e e e e e e 23
A new method of species classification by cluster analysis 25
2.1 SUMMALY . . . v v v e e e e e e e e e e e e e 25
22 MTAoduCHOM . . . . o v v e et e e e e e e e e e e e e 26
2.2.1 Objectives of classification . . . . . . ... ... ... e 26
222 Previousmethods . . . . . ... ... ... oL e e e 27
23 Method . . . . . . e e e e e e 28
231 MethodchoiCe . . . .« v v v i i i it i e et e e e e e e e 28
232 Metricchoice . . . . . . . Lo e e e e e 29
233 Detaileddescription . . . . .. ..o e e e 31
24 ResullS. . . . . . e e e e e e e 33
2.5 DiSCUSSION . . . v v v v i e e e e e e e e e e e e e e e e 34
2.5.1 Choice of numerical methods . . . . . . . .. ... oo e 34
252 ScaledependenCy . . . . .. ... e e e e 34
253 Exampledata . . . . . .. ... e e e 35
254 Potential usesofthemethod . . . . . .. .. .o o oo 36



Contents

Large-scale spatial patterns in the British flora

3.1 SUMMATY - o« v o v e e et et e e e e e e e e e
32 Background . . . . . ... i e e e e e e
33 Method . . . . . o i e e e e e e e e
34 ReSUMS . . v o v it it e e e e e e e e e e e e e e e e
3.5 DISCUSSION . . o v o i v it e e e e e e e e e e e e e e

41 SUMIMATY . . . ¢ ot ot e e e e e et e e e e e
42 TniroduCtion . . . . v v v v v et e e e e e e e e e e e e e e e
421 ObJECHIVES . . . v v v o i e e e e e
422 Background . . . . . ..o e e
43 Methods . . . o . vt e e e e e e e s
R T N T -
432 Creating the phytogeographical groups . . . . .. ... ... oo
433 Analysisofthegroups . . ... ... ... .. i
44 ResultS. . . . . i e e e e e e e
4.4.1 EUrOPean GroUPS . . . . . v v v v o v e e e e e e e
4.4.2 Speciesrichness and groupdensity . . . . . .. ... o oo
443 Regressionanalysis . . . . . . . ..o e e
45 DISCUSSION . .« o v v e v i e e e e e e e e e e e e e e e e e e
45.1 Mechanicsoftheclassification . . . . . . . ..o v oo
452 Groupresults . . . . . ..o e e e e
453 Speciesand Groupdiversity . . . .. .. ... Lo e
46 Conclusion . . . . ..t i e e e e e I

Nestedness of bryophyte species

5.0 SUMMATY . . . o ot v e ettt e e i e e e e e e
52 A . .. e e e e e e e e e e e s
53 Background . . . . ... e e e e e e
54 Method . . . . . . i e e e e e e e
541 Datd. . . oo e e e e e e e e e e e e e e e e
542 Methodselection . . . . . . . . o i i e e e e
543 MeasuringNesting . . . . . .. . .. o o
5.4.4 Nesting by Europeanelement . .. ... ... .. .. ... ...

5.4.5 Environmentalmodels . . . . . . . .. .. e e e e e e

37
37
37
38
41
69

71
71
71
71
71
12
72
73
73
73
73
74
74
74
74
86
86
87



5.5
5.6

57

Contents
ReSUIIS . & v o v v o e e e e e e e e e e e e e e e e e e e e e e e
DISCUSSION .« + & v v i e e e e e e e e e e e s
5.6.1 SpeciesNesting. . . . . . ... c ittt e
562 GroupNesting . . . .. .. vttt
5.6.3 INterpretation . . . . v v v v o it e e e e e e e
56.4 Assessmentofthemethods . . . .. ... ... ...
CONCIUSION &« v v v v v v v e e e e e e et e e e s e e e

6 Scale Dependence in z at intermediate and large spatial scales

6.1
6.2
6.3
6.4

6.5
6.6
6.7

641 Datd. . . . . e e e e e e e e e e e e e e
642 Sampling . . . . .. e
6.43 ADALYSIS . . . i e e e e e

DISCUSSION « & o v v s e e e e e e e e e e e e e e e e e e e e e e e e e

COoNCIUSION . & v v e e e e e e e e e e e e e e e e e e e e e e e e e

7 Discussion

7.1

7.2

73

14

1.5

IrodUCHION . « & v v v v e e e e e e e e e e e e e e e e e e e e e
Alasdata . . . v o e e e e e e e e e e e e e e e e e e e
721 Thenatureofatlasdata. . . . . .. .. .. oo i i o e
722 PFutureatlases . . . . . . . .. .o oo e e e e
Major fIndings . « « v v v v o e e e
7.3.1 Defining geographical groupings . . . . . . . . . ..o c e
7.3.2 Effect of geographical groupings . . . . . . .« v o i o e
Future research direCtiOnNS . . . .« v v v v o v v i e e e e et e e e e
T41 Nullmodels . . . . v v v v e e e e e e e e e e e e e
TA2 Scale . .. e e e e e e e

ConClUSION .+ . v v o e e e e e e e e e e e e e e e e e e e e e e e e

8 Conclusions

Bibliography

97
100
100
102
102
103
104

105
105
105
107
107
107
107
109
110
112
113

114
114
114
114
116
116
116
117
118
118
119
119

120

121



Contents 8

Electronic appendices on CD-ROM 128



List of Figures

1.1
1.2

2.1
2.2
23

3.1
32

4.1
4.2
4.3
44
4.5

5.1
52
53
5.4
55

6.1
6.2
6.3
6.4

7.1

Density maps of native and alienspecies . . . . . . .. .. ..o oo oo 21
Rare species . . . . . . . e e e e e e e e e 22
Flow diagram outline of the two-part clustering method. . . .. .. .. ... ... ... 29
Graph series forthetwometrics . . . . . . . . . . . i i i i vt i i 30
Maps showing separation of species into a restricted mountain top group and a

widespread MOMaNe ErOUP. . . « « « v v v v vt v e e e e e e e e e e e 35
Area and species-richnesseffects. . . . .. ... .. ..o o oo oo oL 43
Maps of British Species Groups . . . . . O 48
Relationship between group range and speciesrichness . . . ... .. ... .. ... .. 73
Maps of European Species Groups . . . . . . . . oo oo e e e e 75
Species Richness and Group density forEurope. . . . . .. ... ... .. ... ... 84
Species richness versus group CoUNt . . . . . v v v it e e e e e e e 85
Difference between number of expected groups and actual number of groups . . . . . . . 85
Nested and unnested rouUps . . . . . v ot vt hh e e e e e 90
MatriX SOTHNE « . . .« o v i e e e e e e e e e e e e e 93
Maps of nested and unnested species . . . . . ... ..o oo e 98
Nesting score by phytogeographicelement. . . . . .. ... ... ... ... ...... 99
Maps of four environmental factors. . . . . ... ... .. L o oo 101
Order of squares in agglomerationmethod . . . . .. ... ... ............. 108
Plot of squares vs species for Britishplants. . . . ... .. ... .. .. ......... 109
The effect of scale on the distributionof zvalues. . . . ... ... ............ 110
Spatial distribution of median zvalues . . . .. .. ... ... L oL 111

The relationship between recorder effort and speciescount. . . . . . ... ... .. ... 115



10

List of Tables

1.1

3.1
3.2
33
3.4

5.1
52
53

6.1

Previous classifications. . . . . . . . ... . o L o o e 14
Watson’s classification . . . . . . .o .t i e e e e e e e e e 38
Correlations between the explanatory environmental variables . . . . ... .. .. ... 40
Statistics forthe groups. . . . . . . .. .. o o o o o e 44
Wider geographical element membership. . . . ... ... ... . ... .. 0. 47
Summary statistics for nesting analysis. . . . . .. ... . .0 o oo 97
Environment models for the nested and unnested bryophyte groups. . . . . . ... ... 97
Summary of nesting Measures. . . . . . .« v v v vt v vt e e e 103

z values calculated via piece-WiSE Tegression . . . . . . v v v v v i v e 110



Without mathematics the sciences cannot be understood, nor made clear, nor taught, nor

learned. ..

Roger Bacon 1214-1292

11



12

Chapter 1

Introduction

1.1 Objectives

This work is a study in plant distribution, phytogeography. Investigating the patterns that can be found
in the British and European flora, I look at the factors that may cause these patterns and study the effect
that plant distribution has on other population processes. I aim to show that the distributions of species
provide more information than just the locations in which species live.

Critical to this study is the availability of systematically recorded and comprehensive databases (in
particular the New Atlas of the British and Irish Flora (Preston et al., 2002)). These allow more complex
and detailed analyses to be performed than were ever before possible or justifiable. I focus on the study
of repeating patterns within species distribution but also consider the nesting of species distributions,
how species-area relationships behave at various scales and what the role of species distribution is in

these.

1.2 Relevance

At the most fundamental level, the distribution pattern for a plant species demonstrates the places a plant
can grow when subjected to competition with other species. In ecological terms, these patterns are the
species’ realised niches. Many ecological processes are strongly influenced by competition and the niche
occupied by a species. Accordingly, insight into the working of these processes can be gained by the
study of patterns of species distribution.

Maps of species distribution typically show repeated patterns. These repeating patterns reveal the
large-scale assemblages of species. In this context they are phytogeographical elements or groups. For
the most part these groups are controlled by factors such as temperature and geology that have a similar
effect across large areas of countryside. However, broad-scale factors alone are not the only arbiters
of the final communities. Qther factors working directly on the plants are also important but may, or-
dinarily, become hidden in studies at the landscape scale. Rather than using environmental, historical

or geographical surrogates, defining these landscape-scale communities mathematically enables us to
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identify species groupings by species distributions.

Community assemblage is not the only ecological process where the distribution patterns of species
act as either indicator or causal agent. With a group of species, no matter how it is defined, measuring
the degree of nesting of the distribution patterns can help quantify the strength of the geographical
associations within that group. Results from the nestedness calculations serve to indicate those species
that behave in fundamentally different ways to the other group members. Distribution patterns play the
opposite, causal, role when considering species-area relationships. Here the distribution of species and
groups can lead to wildly differing conclusions depending on such factors as the scale of the study or the
area chosen.

In this work I present the first phytogeographical classification of the British flora based solely
on the distributional data for the species at a 10km square resolution. The new method of analysis
demonstrates robustness and applicability to other species groups and over a range of scales. I also
describe a series of numerical techniques to test group robustness through nestedness. Finally, I show
that the patterns that define phytogeographical classification have profound implications for other types

of ecological study.

1.3 Background
1.3.1 History of British Phytogeography

Beginnings in ancient history

Knowledge of where food and predators are to be found is vital to the survival of many animals. While
such knowledge was undoubtedly exchanged amongst early human ancestors, its earliest recorded ex-
ample in relation to plants is attributed to Aristotle’s pupil Theophrastus (370-285 BC). His Enguiry into
plants covers plant morphology, behaviour, distinctive characteristics, reproduction, life history and, in
his fourth book, the places where plants grow. He discusses this at country and regional scale as well
as at finer scales such as where on a hillside a plant is to be found (Theophrastus). After Theophrastus’
broad study much of the botanical literature of the next 1500 years follows Dioscorides’ first century
De materia medica being simply concerned with medicinal plants. A very few medieval works give
directions to the locations where plants can be found but most leave this subject untouched. References
to localities are more frequent in the first modern botanical works, published from the mid 16" century
onwards, and in county floras, which have been published since 1660. However, it was many ycars

before any synthesis of these data was attempted.

Enlightenment and the Victorian era

True biogeography had to wait for the rise of the scientific method. The first biogeographical map is

considered (Ebach and Goujet, 2006) to have been published by Lamarck and Candolle (1805). In this
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same year Humboldt was instrumental in launching the subject into the public consciousness with his
Essai sur la Géographie des Plantes (Humboldt, 1805). The groundswell of scientific learning and the
rise of the amateur naturalist during the 19t* century brought the subject to prominence because then, as

now, the subject as a whole and species recording in particular was highly reliant on amateur efforts.

Table 1.1: Previous classifications of the British flora showing author and group names. None of the

classifications show one to one mapping.

Watson Mathews Preston-Hill

British Endemic Endemic

English Mediterranean Mediterranean-Atlantic
Scottish Oceanic Southern Southern-Temperate
Highland Continental Southern

Atlantic Oceanic West European

(Western Britain and Southwest England)

Germanic (Southeast England) Continental
Continental Northern Boreo-Temperate
Northern Montane Boreal-Montane

Oceanic Northern

North American

Arctic-Subarctic Arctic-montane
Arctic-Alpine Boreo-arctic montane
Alpine

Wide Wide boreal

Eurasian Wide-Temperate
European Temperate

Watson, in 1847, produced the first complete work on the groups of species found in the British flora
and sought to define where a species could be located (Watson, 1847). The work divided Britain up into
areas called vice counties, a system that is still used, in part, today. The presence of species in each of the
vice counties allowed Watson to build up a series of “geographical types” (phytogeographical groups)
for Britain. Watson’s work contains two main parts, one of collating species distributions, the other of
assigning the species in them to phytogeographical elements. Watson relied heavily on correspondence
for his records. He maintained by post a network of fellow naturalists scattered throughout the country

and so may have created the first modern biological recording scheme. Within his work the flora of



1.3. Background 15

Britain is considered in isolation with no, or very little, reference to the wider European or worldwide
distribution of a species. The treatise relied on Watson’s knowledge of the species involved and his
judgement as to which element each species belonged. It recognised six main types of distribution and
several intermediate types. The main groups for the three major past classifications are presented in
table 1.1. |

His work was a great achievement. However, following the publication of the final volume of
Cybele Britannica in 1853, interest in the flora seems to switch from the geographic to the taxonomic
despite Watson’s later updated volume Topographical Botany (1883). This shift in emphasis may well
be ascribable to Watson himself as he is obviously wrestling with the problem of species concepts: in
1857, just after the final volume is published, he writes to Darwin “In writing the final volume of my
Cybele Britannica, | find myself unable to carry out the ideas or inquiries originally intended. And why?

Mainly, because the limits of species are so uncertain in nature” (Burkhardt and Smith, 1990).

Early twentieth century

It was not until the early 20®" century that this subject was revisited. In the intervening period many of
the taxonomical problems that had affected Watson were resolved by the activities of Botanical Exchange
Clubs and the publication of a large number of county floras (Matthews, 1937). The question at the heart
of the subject expanded from what groups existed in the flora to the way the British flora formed and, in
particular, how did it reform after the last ice age (Moss, 1914; Reid, 1911). Partial systems for species
associations were proposed by several authors, but none were generally adopted (Moss, 1914; Salisbury,
1932; Stapf, 1914) until Matthews published a series of papers on the subject (Matthews, 1923, 1924,
1926). These culminated with his presidential address (Matthews, 1937) which sought to define groups
of British plant distribution with the plants’ wider European distributions. This was later published in
revised form as a book (Matthews, 1955).

Matthews, as might be expected from the then newly-elected president of the British Ecological
Society, was quite insistent that problems within plant distribution (in particular the construction of
the flora’s current composition) be wrested from the plant geographers and brought under the umbrella
of ecology. The consequence of this act of moving the field from the purely descriptive toward the

explanatory underlies not only this current work but a great deal of what is today considered ecology.

Into the computer age

When Matthews’ 1955 book was published there was a revolution underway in the manner in which
species recording functioned in Britain. This took the form of the project to produce an atlas of the British
flora (see below). The publication of dot map distributions for the majority of Britain’s native species in
the atlas (Perring and Walters, 1962) would, in time, lead to a change in the way in which analysis of

plant species distribution was carried out. The vast number of records involved in the production of the
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atlas necessitated the use of mechanical devices in their collation.

Although computers were used for data collation and other studies in the field of plant ecology
(Williams and Lambert, 1960, 1961) their use in phytogeographical analysis took rather longer to be-
come popular. The dot map provides a wealth of information to the researcher but for many years the
information available far outstripped the computational capacity needed to study them in detail.

Some of the earliest uses of computational methods occur in the analysis of animal distribution
rather than that of plant distribution (Fisher, 1968; Hagmeier and Stults, 1964; Holloway, 1969; Hol-
loway and Jardin, 1968). A limited number of papers had been published in the late 1960s describing
use of computers to study plant distribution (Proctor, 1967; Sneath, 1967) but in 1972, at a conference
on taxonomy, phytogeography and evolution, Jardine who was an early pioneer of the use of computer
methods stated “Perhaps one reason why computers have been so rarely used by phytogeographers is
uncertainty about the nature of the numerical methods which could be profitably used” (Jardine, 1972).

There was obvious interest in the subject during this period with Birks perhaps being the most
prolific author. His 1973 paper on A numerical analysis of the past and present flora of the British
Isies harked back to the earlier era by attempting to define the origin of the British flora from phyto-
geographical and historical data. The technology only allowed the country to be divided into ten units.
He concluded “despite the many limitations of the primary floristic data, the numerical methods have
considerable potential for handling and synthesising large amounts of historical biogeographical data”
(Birks and Deacon, 1973). He went on to produce a numerical analysis of the European pteridophytes
(Birks, 1976), the technology having sufficiently advanced to allow 144 species in 65 areas to be directly
analysed. By 1993 sufficient computing power was available to permit an analysis of the 65 European
Salix species with 484 grid squares (Myklestad and Birks, 1993).

As shown through the increasing amount of data used by Birks, but true for all workers, the restric-
tions of the computers and the data available at the time presented difficulties for those working with
numerical analyses in phytogeography. By necessity these studies had to limit the volume of data to be
processed. Strategies adopted to limit the data included the use of relatively small study areas, restricted
numbers of species, few divisions, or any combination of the above. In many of the early studies the
chosen method was that of cluster analysis, it having been specifically developed for this task. The great-
est difficulty with its use is the quantity of data and hence computer storage required in its performance.
The entire raw dataset and a distance matrix of half the dataset’s size need to be stored in active memory.
Searching for greater resolution, later studies turned to some form of correspondence analysis (reciprocal
averaging). The advantage of this method is the much smaller memory footprint obtained through the
use of climatic surrogates. Furthermore, because the species data are not used directly in the analysis
their quality becomes a more minor issue. This very indirectness is also this method’s weakness: by

using surrogates inaccuracies are gathered and only predictable factors (even if in novel combinations)



1.3. Background 17

are observed.

Carey et al. in 1995 produced a paper on the biogeographical zonation of Scotland. Based on en-
vironmental data this attempted to represent the species distributions of various groups including plants.
In 1997 Preston and Hill, working from a similar premise but limiting the species involved to just plants,
published a paper analogous to an updated version of Matthews® work. At this time the data on the
distribution patterns restricted them to using climatic data and envelope (broad niche) data rather than
the species geographic distributions. In defence of this they argued that the extra information provided
by full distributional data would not provide additional useful insights. By separating the analysis in two
and separately calculating north-south and east-west bands this classification produced more possible
phytogeographical groups than ever before. In practice the most important were the north-south groups
and it is these that are shown in table 1.1.

Today technology has sufficiently advanced to allow entire datasets both to be stored and processed
on a standard desktop system. Use of climatic data allows good approximations to be made to the phy-
togeographical element distribution and is still of particular import when distributional data is suspect
or absent, as it was for Preston and Hill. But by using full distributional data we are able to find both
patterns that are and those that are not caused by large scale environmental variables. This direct use of
plant distributions means that all conditions that affect plants are considered in determining phytogeo-
graphical groups. The direct use of distributional data, as set out in the following chapters, allows us to

distinguish more nuanced phytogeographical patterns.

1.3.2 Distribution mapping

Beginnings and the first atlas

Critical to any computational method is the data with which it is supplied. The data used for all of the
work carried out in this thesis is in the form of a dot map. This is a map of the study area, generally
divided by a regular grid, on which the presence of the species of interest in a grid square is marked by a
dot. Squares where the species is absent are left unmarked. The first dot map of a British plant appeared
in Good’s 1936 study of Himantoglossum hircinum (Perring and Walters, 1962). Prior to this national
descriptions of species distributions were rather more prosaic.

The widespread use of dot maps did not occur until after the Second World War. The publication of
the New Naturalist and Biological Flora series promoted their inclusion in taxonomic and ecological lit-
erature as standard practice. This rise to prominence can be seen in the 1950 conference of the Botanical
Society of the British Isles (BSBI) asking the question “which plants could be reliably mapped?”. The
rare plants of Britain, the meeting concluded, could be mapped with a fair degree of certainty. For the
more common species very little beyond their existence in certain vice counties was known. Clapham,

in the final paper of that meeting, proposed that the BSBI should “take steps to ensure that before long
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we have a set of distribution maps for British species. . . the maps be comprehensive and accurate. . . [and]
that the unit area should be the 10km grid square”. The proposal was “carried with acclamation”(Perring

and Walters, 1962).

The selection of the 10km square (i.e. 10km by 10km) as the primary recording unit was facilitated
by the inclusion of a 10km pitch national grid in the new sixth edition of the Ordnance Survey maps
(1945-1947). The national maps now printed with these squares and the Ordnance Survey, publishing its
1:25,000 maps on sheets that exactly corresponded to the 10km squares, provided a ready-made system
for botanical recording. This selection of 10km squares as the primary recording unit remains with us
today. The majority of British biological recording is still being performed on this grid, or a version of
it. Beyond the standard 10km square the most common variant is the 10km square subdivided into 2km
squares (tetrads) for greater precision for local projects.

Immediately after the 1950 conference the BSBI set up a maps committee to investigate the prac-
ticalities of carrying out such a project. This commitiee concluded that the proposition was practical
and approached various organisations including the Nuffield Foundation and the Nature Conservancy
for funding. The former gave a grant of £10,000 and the latter a £4,000 grant and a punched card system
for mechanised map production on the understanding that the machinery and the data would go on to
become the basis of a permanent recording system. With funding secure the recording scheme started in

1954. The collection of records for the Atlas ran until 1960 and the Atlas itself was published in 1962.

The Atlas of the British Flora (Perring and Walters, 1962) set the standard for modern biological
recording. Here there was no use of the historic county boundaries: recording was undertaken on the
Ordnance Survey grid. All native plant species were recorded as present or absent in each of the squares
in the grid. The focus of the work was the accurate and complete mapping of the species. Particular care
was taken to obtain even coverage of the British Isles. The analysis of the data was left to later papers
and so we see a break between data recording and analysis within plant phytogeography.

The legacy of the 1962 atlas was fourfold: it proved that an amateur network could successfully
conduct a wide-scale scientific survey, it stimulated interest in biological recording amongst the general
public, created a network of local experts to whom they could turn for help and advice and, finally,
the core data from the recording scheme became the basis of the Biological Records Centre (BRC)
at the Nature Conservancy’s Monks Wood Experimental Station. Perring himself went from Senior

Worker/Director of the mapping scheme to being the head of the new BRC.

A European aside

The authors of Atlas of the British Flora were also instrumental in launching the European equivalent.
Walters was involved in the work that formed the taxonomic backbone, Flora Europaea (Tutin et al.,

1964, 1968-1980), while the inspiration for the Atlas Florae Europaeae came from “a map presented by
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Dr. Perring at the Tenth International Botanical Congress in Edinburgh, 1964 which showed the 50km
square distribution of Silene acaulis” (Jalas and Suominen, 1972). Perring also acted as secretary to the
nascent committee before responsibility for the secretariat was handed to Helsinki in 1965. The first
volume of Atlas Florae Europaeae was published in 1972 (Jalas and Suominen, 1972), ten years after
the British atlas. Due to the vast amount of work involved and the political difficulties for field recorders
in parts of Europe the project has proceeded rather slowly, releasing a volume every three to five years.
With the publication of the thirteenth volume in 2004 the project has currently covered around 20% of the
total European flora. Despite its incomplete nature, for phytogeographical purposes the data are useful.
Omission of the species yet to be mapped are countered by the taxonomic order in which the volumes

have been published. The plants so far covered represent all the major habitats found within Europe.

The new atlas

The strong recording ethos and support structures left by the 1962 atlas in the British biological com-
munity caused an explosion in biological recording. Many of Watson’s vice counties now had teams of
people recording their flora and a central person, in the form of a vice county recorder, to turn to for help
and advice and to act as a repository and intermediary for records. In this positive atmosphere a large
number of county floras were published. Preston et al. (2002) list 62 floras that map plants with a grid
square system and a further 36 that use more traditional checklist-type techniques. These 98 works in
the 40 years subsequent to the publication of the Atlas of the British Flora contrast with a mere 32 in the

preceding 50 years.

The national situation was also positive. Around the nucleus of the atlas records the central national
repository of the BRC was formed. With advances in technology it moved from its initial punched card
system to a computerised digital database in the 1970s. The vast majority of the field records from the
Atlas were digitised between 1970 and 1971 (Harding and Sheail, 1992). Together with keeping abreast
of technology BRC continued to publish a series of updates and amendments to the Atlas. These included
Critical Supplement to the Atlas of the British Flora (Perring, 1968) for species difficult to identify
and excluded from the atlas, Atlas of the Ferns of the British Isles (Jermy, 1978) due to changes in
pteridophyte taxonomy the 1962 maps became quickly outdated and British Red Data Books 1 Vascular
Plants (Perring and Farrell, 1977) from resurvey work on rare plants. The atlas enjoyed two further
editions in 1976 and 1982 and although the rare species had been resurveyed and their distribution maps
updated the more common species remained unchanged except for the correction of a few minor errors.
By the time that the third edition had been published it was becoming apparent that a replacement was

needed.

The formal proposal of Wells at the 1983 BSBI recorders conference, that a project to produce a new

atlas be begun, proved somewhat divisive. While many felt that the project was worthwhile there were
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also senior members of BSBI who doubted that there was either the volunteers available or sufficient
change in the flora to justify a complete resurvey. As a compromise a partial survey was proposed: one
in nine of the British and Irish 10km squares (11%) were to be resurveyed during the 1987-1988 field
season. At the same time, a detailed survey of three smaller 2km squares within each chosen 10km
square was also performed for later comparison. The “unqualified success™ (Rich and Woodruff, 1990)
of the survey led to a proposal that the BSBI council should undertake “a comprehensive survey of the
British and Irish floras, in order to produce a replacement for the 1962 atlas” (Rich and Woodruff, 1990).
In 1992 the council accepted this proposal and began detailed work towards the eventual production of a
new atlas. Being a long term project, funding proved initially difficult but by 1995 with a grant from the
Department of the Environment, Transport and the Regions the project began in earnest (Preston et al.,
2002).

Following its start in 1995 there had been detailed work including the production of field cards,
planning of special field meetings and a series of articles in various journals to bring the project to the
attention of botanists and naturalists. Recording was begun during the 1996 field season and carried on
until the end of 1999. Vice county recorders were responsible for surveying their own area although
they were supported by workshops, meetings and the appointment of the Atlas Organiser, T.D. Dines.
During this time interim maps and articles were drawn up to minimise omissions and under-recording.
Data from the vice county recorders was then sent to BRC to be collated, checked, added to a database
and mapped.

The New Atlas of the British and Irish Flora (Preston et al.) was published in 2002. It contains
maps and descriptions of 2412 plant species with a further 940 available on the included CD. Along with
the paper volume the project created a new vascular plant database. This carefully checked and verified,
nine-million-record-strong database is an exceptional, unparalleled resource to the modern scientist and

represents the current state of the art in large-scale species recording.

1.4 Species distribution miscellanea

1.4.1 Hotspots and alien species

Coincidence maps of the species from the New Atlas of the British and Irish Flora data set are presented
in figure 1.1. For both the native and alien species these maps highlight those areas of high species
richness. Due to the recording methods used the native map can be considered a true reflection of actual
biodiversity. However, to be considered to be a hotspot in the sense of Myers (1989) these areas would
also have to contain threatened species. Comparison of figure 1.1a and figure 1.2 shows that, while
there is some correspondence between the places where rare species occur and the areas of highest floral
diversity, they are not inextricably linked.

The degree to which alien species were recorded and whether a species was considered alien in a






