
INSTITUTEorTERRESTRIALECOLOGY
(NATURALENVIRONMENTRESEARCHCOUNCIL

NCC/NERC CONTRACT F3/03/80

ITE PROJECT 466

Final Report to Nature ConservancyCouncil

THE BIOLOGICALSURVEY OF BRITISH RAIL PROPERTY

CAROLINE SARGENT

Monks Wood ExperimentalStation
Abbots Ripton
Huntingdon October 1982



This reportis an officialdocumentprepared

undercontractbetweenthe NatureConservancy

Counciland the NaturalEnvironmentResearch

Council. It shouldnot be quotedwithout

permissionfromboth the Instituteof

TerrestrialEcologyand the NatureConservancy

Council.



INSTITUTE OF TERRESTRIAL ECOLOGY

(NATURAL ENVIRONMENT RESEARCH COUNCIL)

NCC/NERC CONTRACT F3/03180

ITE PROJECT 466

Final Report to•Nature Conservancy Council

THE BIOLOGICAL SURVEY OF BRITISH RAIL PROPERTY

CAROLINE SARGENT

Monks Wood Experimental Station
Abbots Ripton •

-Huntingdon October 1982



"The railways were-built with the idea that they would make the

countryside more beautiful."

Sir John Betjeman, 1979
BBC Radio Broadcast



•
1

SUMMARY

Following the introduction, in which the aims of the project are outlined,
a brief review of the literature is given. This has been largely
concerned with alien and adventive plants, dispersing with traffic and
goods, although more recently the ruderal vegetation of some European
station yards has been studied and the ecology of railway embankments in
Finland described. The Section continues with a discussion of the
railway environment, and selected plant species (complete lists given)
are-related to particular habitats. Species found during the survey are
compared with those mentioned in County Floras. A bias toward grassland
plants and bryophytes occurs.in the survey lists, whilst the Florast
describe •more alien and ruderal species. The reasons for this bias are
discussed.

In Section 3, the collection of.data using a geographical stratification
(track classification) of railway land is described. An outline of the
stepwise numerical technique developed to handle the very large amounts
of information gathered is given, and the classification of 32 defined
plant communities discussed in some detail. Several of these communities
(noda)-areunique, and have developed in response to the particular
conditions found along railway verges.,which are not strictly mimicked
elsewhere. The distribution_of each no6m is given in relation to the
track classification, and environmental characteristics are defined.

In the final Section, the selection and distribution of sites of
biological interest are described. 185 sites were considered to be
biologically outstanding, and these are listed, together with notes on
preferred management, in 5 independent appendices designed to be
distributed in the 5 BR Regions. The appendices complement detailed
site files previously prepared for the NCC. The report concludes with a
description of changes in railway vegetation. 265 quadrats first
recorded in 1977 were revisited in 1981. A Markov population model has
been constructed from this information and predicts the increase in
area of fine-leaved grassland. The value of the model is discussed'and
its implication for the conservation of BR verges considered.
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1 INTRODUCTION

This is the final report to the Nature Conservancy Council (NCC) on the surveyof British Rail land (BRS). The survey was begun in response to concernabout changing vegetation management practices. The use of chemical weedcontrol was questioned in Parliament (Parliamentary debates 1961). -Toassess the situation, quantifiable information about the resource wasneeded.

In attempting to.provide such information, the.Institute of TerrestrialEcology (ITE) has-asked the following questions:

.How.large is the resource? The length of actively used BR line is

- given by as 18 000 km.(11 300 miles), although estimates of the
“area-of verge and.permanent,way (cess) were.not available, and.
measurements have therefore been made.

What kind of habitats occur? There are distinct differences betweencess and verge, but is the slope, aspect or kind (cutting or
embankment) of engineered formation important in determining the__distribution of vegetation and animals? What are the importanteffects of management and disturbance?

Does the railway provide a refuge for some plants and animals? Whatspecies move along, or are blocked by, this linear environment?

What kinds of vegetation occur? Are these associations unique to therailway, or essentially continuous with neighbouring forms?

Is the system comparatively stable, or are irreversible changesoccurring? Is intervention needed to prevent such change or to
protect particular areas?

Six reports have been prepared by ITE for the NCC. A history of railwayformations (Sheail 1979) describes the building and maintenance of thehabitat. Unfortunately, detailed records of management for any
particular stretch of line were not kept, although the general strategyof cutting, clearing and burning is known.

The first interim report (Way & Sheail 1977) outlined the objectivesof the work-and.described a.preIiminary look at railway land in whichselected lengths of line in 3 of the 5 (Eastern, Southern, Western,London Midland.and-Scottish) BR Regions were walked.

Each of 4 other interim reports (Way et 01.1978; Sargent & Mountford1979, 1980,-1981) deals with a particular BR Region (Southern and_Western, of shorter track lengths, being combined). These were surveyedsuccessively.during the field seasons of 1977-1980. The interim reportsgive detailed.species information and describe the development andmodification.of sampling and analysis. A stratification of BR land wasintroduced during the survey (Sargent & Mountford 1980), ancrpreviouslysurveyed sites were ascribed to this stratification post hoc_ During1981, some.areas.of'Eastern Sbuthern and Western Regions were revisited,enabling an analysis of changes that had taken place to be made, andallowing some previously undersampled areas to be visited.
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In this final report, information from all Regions is pooled and analysed.
Some general principles are drawn and an attempt is made to answer the
questions posed. All plant species and vegetation types found and
identified are catalogued. The reader is referred to previous reports
for information about animals on railway land. It was not possible, within
the resource, to sample populations systematically, and, although all
species identified were recorded, no attempt to analyse what are effectively
no more than field notes has been made.
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SPECIES AND HABITATS

2.1 Introduction

Much of the interest in railway botany has been in the study of adventive
plants. Whilst describing the flora of Thalkirchen Station (near Munich),
Kreutzpointner (1876) gave the earliest account of the introduction of
alien species with rail traffic. Thellung (1905) showed that a large
proportion of introductions into Switzerland were associated with the
railway (which, at that time, carried the greater bulk of goods),.although
,Leymann (1895) had.earlier. recognised that railways were also.interesting
from.7thepoint of-view of the native flora. Working in Latvia, he noted
certain meadow species growing along embankments where they had been
transported with sod, or soil, during construction. He was able to predict
the origin of ballasting materials by.the plants he.found. Matthies (1925).
made an important contribution to railway botany by considering the effects
of construction, management, aspect and slope on the distribution of
species. Much recent floristic work in Europe has followed this approach
(eg Lejmbach et al 1965; Lienenbecker & Raabe 1981; Niemi 1969; Westhoff
1964). The literature has been reviewed by Muehlenbach (1979),,who also
gives a very detailed account of the.adventive flora of the St Louis
-(Missouri) railway yards and'tracks.

In Britain, 2 important studies have been made. Dony (1955, 1974) describes
the flora of railway lines in Bedfordshire, paying particular attention to
adventives and to plants introduced with shoddy for the Luton wool industry,
whilst Messenger (1968) has made a careful study of the flora of the
railway in Rutland.

Additionally, the majority of County Floras (especially in England and Wales)
cite plants from railway habitats. A literature search has been made and a
list of all plants recorded from active (lines in use at present) BR land
compiled. This.list has been compared with species found during the current
ITE/NCC BR land survey (Tables 2.3 and 2.4).

1932 phanerogams (including aggregates, species, subspecies and varieties)
have .been described from BR land. 611 of these are unique to the literature,
807 were confirmed during survey and 214 are newly reported. Cryptogams had
been lessithoroughly described, and, of the 323 species (pteridophytes and
bryophytes only) given in.Table 2.4,.52 occur in the,literature only,,whilst
a further 94 records were confirmed during survey and'177 new-species-have.
been added to thc.list. This rather more than doubles the number of
cryptogams previously known to occur on railway land.

The majority of records has been stored in a machine-readable form, and
computer-generated lists of vascular species were sent to all Botanical
Society of the British Isles (BSBI) recorders within whose Vice Counties
sampling sites were located. Many recorders kindly checked the lists and
marked new Vice County, or 10 km2, records where appropriate. Where these
records have been confirmed, they are given in Tables 2.3 and 2.4.
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More than 200 vascular species gave rise to one or more new 10 km records,
whilst there are 49 Vice County records (1st or 2nd) and one species new
to the United Kingdom (Hieraciumzygophorum;Sell & West 1980).
Additionally, much helpful and interesting information based on local
knowledge was received.

This Section begins with a description of railway habitats. Species are
then related to the habitats in which they are preferentially found, and
the,Section concludes with a comparison between survey and County Flora
records.

Particular.attention is paid to plants growing along the cess (permanent
umy), as BR safety regulations prevented their systematic recording and
hence numerical classification and description (Section 3). Detailed
observations were, however, made.

2.2 Habitats

2.2.1 The railway cess

The railway cess is strictly defined as the freely draining area of
cindery material over-which ballast (the track bed) and rails are
laid. The cinder is usually exposed between tracks and in station
and shunting yards. For the purpose of this discussion, the sense
has been extended to include all engineered railway habitats in
which desiccation limits the development and diversity of the
flora. These are the stressed habitats (sensuGrime 1979) and
include, together with cinder, ballast (in situand discarded along
verges), masonry and rock cuttings.

Ballast is composed of rock chippings, not usually more than 10 cm
(4 inches) in diameter in any one plane. Until recently, limestone
was used in some areas; however, attrition levels became
unacceptable_and granite is now preferred. Ballast underlying rails
usually.becomes polluted with plant (and sometimes domestic) litter,
and with oily and nitrogenous wastes from trains. There is a
gradual accretion of fine particled material amongst the chips.
Drainage becomes impeded, and, for safety reasons, the ballast is
replaced every few years. Spent material is tipped on to adjacent
verges.

The term 'masonry' here includes tunnel mouths, bridges, platforms,
buildings, and concrete posts and sleepers. Particularly in East
Anglia,.where natural rock outcrops are scarce, these areas provide
habitats.which support interesting additions to the flora (Walters
1969; Bony 1974).

Rock cuttings expose a wide variety of surfaces. Where the material
_is soft or unstable, as with chalk or some shales and sandstones,
cuttings are engineered at less than 900. Elsewhere, the walls may
approach vertical. Marked differences are observed between
predominantly northern and southern aspects.



5

As along sand/shingle foreshores, particle size, and hence water
retention capacity (Fuller 1975), has a major effect on the kinds of
plants that become established. Brandes (1979) has investigated
'the colloidal tapacity of soil samples from railway stations in
-Eastern Saxony (DDR), and is able to show correlation with
vegetation. Hard vertical rock cuttings 'clearly retain very little
water, whilst softer, rotting, or more sloping surfaces have a
higher capacity. Newly laid ballast is engineered to be very freely
draining. Niemi (1969) has shown comparatively high maximum
temperatures and wide diurnal fluctuations on a Macadamised track.becl.
in Finland. It is very likely that a considerable amount of con-
densation occurs when ballast cools at night. Along verges, spent
ballast has a mulching effect, the surface layer inhibiting
.evaporation from below. The material is often tipped.on to existing
vegetation, and.a damp, nutrient-rich soil may be.formed from the
dead and decaying plants beneath. The flora in these areas is

- strongly:influenced by the depth of ballast, although the
proportions .of smaller-particled, organic and chemical materials
present will also determine which kinds of plant become established.

Drainage-through cinder.along-the track may become impeded by
accumulation of plant litter. In railway yards, cinder is sometimes
admixed withiarick and rubble, as well as organic materials and oily
pollutants. Yards often become compacted by trampling and vehicular
movement, and, despite the larger sized fraction, will retain water
more efficiently than the looser packed cinder along tracks.

Detailed edaphic measurements are required to expand these
observations.

The water balance of the cess is altered when plants become
established. Rail traffic safety requires that the track is freely
draining and that sight lines are kept open (C Beagley, BRB HQ,
personal communication). The track bed and a restricted area of
adjacent verge are therefore sprayed with chemical weed killer.
This is done annually in early summer from especially adapted
trains run by BR or under contract with Chipmans Chemical Co Ltd or .
Fisons-Pest-Control Ltd. Vegetation in railway yards is more
often controlled by manual application of herbicide - sprays or.
.granules. A list*otherbicides currently authorised for use on BR
land is given in Table 2.1.

Thus, in many cases, the vegetation on the cess is subject to radical
disturbance (management) as well as water stress.
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TABLE 2.1 BR approved weedkillers

Ver es - Selective. Track Cess Yards - Total

Weedkillers approved for use on BR land, 1982

Picloram Atrazine

Garlon Simazine

Diuron Aminotriazol

2,4-D Bromacil

Krenite Sodium Chlorate

Diuron

Picloram

2,4-D

MCPA

2-3-6 TBA

Weedkillers discontinued

2- 4- 5T Dalapon

Borax



1

1
1
1
1

1
1

1
1
1
1
1
1
1
1
1

7

2.2.2 Verges

Verges comprise cuttings (positive slopes from the railway line),
embankments (negative slopes), and flats. Drainage ditches have
been dug at the base of most embankments, whilst cuttings drain
.more frequently into concrete channels or conduits adjacent to the
cess. In some areas, borrow pits, now flooded were dug to.provide
additional material for embankment building. The construction of
slopes is-described-in the•interim report 'The history of the
.railway formations' (Sheail_1979).

The essential'distinction between sloping formations is in the
excavation of cuttings and-the engineering of embankments, which
were-built with introduced materials. The difference is reflected
-in the soil composition.and structure: cuttings usually have a
mineral soil, characteristic of:local drift or-solid geological
conditions, whilst organic (nitrogenous and oily).train wastes

on.to embankments (and flats). In neither case has the time
elapsed_since building (very approximately, 100 years) been
sufficient for soil profiles to develop fully. The microclimate of

__embankments in Finland has been.investigated by Suominen (1969), who.
--showed thati.seasonaland.diurnal temperature fluctuations were

__greatest at.the top of slopes, where the soil was also most freely
draining. The microclimate is modified down slope where the
vegetation becomes increasingly closed. Comparable studies have not
beeirmade along•flat verges or cuttings, although Dony (1974) has
shown that.a.more diverse flora develops on south-facing slopes.

In Britain, spent ballast is tipped on to embankments (and sometimes
on flats or cuttings if the slope is not too great). In addition to
obvious mechanical disturbance and the removal of sites available for
establishment,.accumulation of ballast influences the temperature and
drainage.of the soil, and hence the composition and structure of the
vegetation (Section 3).

Verge management has been discussed in several of the interim
reports (eg 1977; 1979), and the discontinuance of traditional hand
maintenance methods, scything, cutting, controlled burning, was a
prime motive for this research:the implication being that the fine,

• specics-rich•grassland, likely to have developed after 100 years of
such managementi:-was at risk_ Since the early,1960s, BR policy has.
been /o cut and clear verges only where a hazard exists, although,
recently,_labour released by cut-backs in expansion and electrifica-
tion.has-been.deployed to verge maintenance (C Beagley,personal
communication). In particular, scrub and woodland have been cleared
_from main line cuttings where accumulation of leaf litter on rails
has interfered with traction and braking.

A narrow strip (generally less than 3 m) adjacent to the track bed
is, however, usually sprayed annually by train with selective
herbicides (Table 2.1). The growth retardant Krenite (carbamoy1-
4thosphonató) was introduced for the purpose during 1980, but has.met
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with little favour, as the cost of running additional spray trains
in lute summer, when the chemical is most effective, is inhibitive.
Until recently, 2-4-5T was used to help control brushwood (usually
thorn, ash and bramble), but this is now banned and Picloram and
Carlon applied instead.

Ditches are usually more carefully maintained, because the stab-
ility, and-hence safety, of line depends on adequate drainage.
'Boundary hedges are also looked after to prevent casual straying
by animals or trespassing. In some areas, following complaints
from local farmers, rabbit-proof fencing has been installed.

In general, the maintenance of main and overhead electrified lines
is of a higher standard than that of branch lines. Cuttings are

tmore frequently cleared than embankments, because of the dangers of
falling trees/branches and of leaf litter accumulating on the.lines.

•Trees are encouraged along embankments, where they help stabilise
the slope, and have sometimes been planted for this purpose after

-construction.

2.3 Floristics

Tables 2.3 (phanerogams) and 2.4 (cryptogams) list all species found
during the survey and.mentioned in the literature search (bibliography,
p 64 ). The nomenclature follows Flora Europaea (vascular plants) or
Smith (1978; bryophytes), and the order is as in our recording method
(example in Sargent & Mountford 1979), with phanerogams subdivided into
grasses, forbs and woody species.

Although pteridophytes were recorded with forbs, they are here_more
logically placed with bryophytes. Bryological records were only
during the final 3-years of the survey, whilst lichens, fungi and algae
were not systematically recorded. Such species as the dog lichen
(Peltigeracanina(L) Wild) and the edible morel (MorchellaesculentaL.)
which occur-on-freely draining verges were, however, noted when seen.

Plants recorded in the survey were annotated with habitat information
(Tables 2.3 and 2.4, columns 5 and 3 respectively). Each species was
ascribed to-one of the following classes:
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= Ballast

= Cinder

= Masonry

R, RC= Rock, rock cuttings

YDS= Yards, station or shunting

= Epiphytic (not included in


anarysis in Figure'2'.1)

CESS

Stressed environments
subject to periodic
desiccation and often to
intensive management/

disturbance.

CUT Cuttings VERGES

SLOPES
EMB Embankments Environments supporting closed

vegetation. Previously

EMB/DIT-= Footings scythed/cleared/burnt annually,

DITChES now sporadically managed.

DIT = Ditches Freely draining to aquatic.

V = Verges (indifferent)

The general category 'verges' was used,for plants which showed no

distinct preference, or which occurred too infrequently to classify with

accuracy. Very often the distinction between well-drained cuttings and

embankments becomes obscure.

All phanerogams-observed on BR land have been classified further by life

cycle (Table 2.3, column 2), distinction being made between annuals and

biennials or perennials (following Clapham et al 1962).

The proportions of species of different life forms and cycles occurring

in the generalized categories, cess and verges are shown in Figure.2.1.

The cess flora is discussed first, and the verges are described

subsequently.

2.3.1 The cess flora

Annuals and cryptogams, 23% of which occur preferentially on the.

cess (Figure 2.1) are discussed before the less commonly found

perennials and woody species. A large proportion of the plants

growing on the cess are not native (Figure 2.2), and the section

concludes with a discussion about introductions.

2.3.2 Annual species on the cess

Several strategies are adopted by annual plants growing on the

cess. Winter annuals are particularly abundant: they are able

to complete their life cycles before chemical spraying.takes place.

in early spring.. During the desiccating,months of high summer,

these plants are.in.a dormant (seed) phase. The•most frequent of.

the winter annuals along cindery verges and track margins are
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FIGURE 2.1 The distribution of plants with different
strategies within different railway habitats.
Each 13.62 nre within the circle represents
one species. 1!, of species occupies 1.77 cm'.
Total species = 1296.
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Erophilaverna (flowers March - June) and Arabidovaisthatiana
(April - May). Valerianellalocusta(April - June) is also

-characteristic.

Senecioviscosus(July - September), on the other hand, germinates

and flowers after the tracks have been sprayed. This plant is
.abundant along the cess in late summer and Vice County (93) and
10 km square records indicate that it is actively extending its
range into Scottish Region. Another successful tactic is shown by
such plants as Myosotisarvensisand Cerastiumglomeratum,which
'hedge their bets' by flowering (and sometimes germinating) from
April to September:. S..viscosusand.A.. thaliana.sreconsidered,
outstanding 'railway species' (sensuAlmquist 1957), occurring in

the category of species mentioned most often in the literature and
recorded at more than 5% of survey sites (Table 2.2).

Several local or rare annuals occur on BR land_ These include
Dianthus-ai,meria(July - August), Linariasupina(June - September)

-and.Geranium.rotundifolium(June - July). Although it is
.--recognised that spraying maintains an open, non-competitive habitat,

it is clearly very important, if the plants are to survive in this
habitat, that the event should be carefully timed. Chaenorhinum
minuswas found considerably.less frequently during the survey than
would be expected from the large number of records in the literature

-(Table.2.2). C. minusis an annual plant usually found on cinder
in, or close to, the track bed. Although it flowers from May to
October its life cycle is characterised by spring germination
(Arnold 1981), and it seems probable that a large proportion of

--plants are-unable to set seed before being killed by herbicide.
In the United States, where spraying usually occurs later in the
year, C. minus is becoming extremely widespread on railway land
(Arnold 1981; Muehlenbach 1980).

A group of annuals, more usually associated with sand dunes and
shingle, are also found along thecess. In some cases, these will
have spread inland along railway lines, dispersal being helped by
traffic. Cerastiumsemidecandrumand Mysotisramossissimaoccur

-quite commonly. More rarely, Erodiumcicutariumand Anthriscus
caucalisare found. A very small population of Cochieariadanica
was seen Eastern Region (Hertfordshire - confirmation of old

record) where it was growing in the spray shadow, cast by a

discarded sleeper. A single site was also found inland on London.
Midland Region 03125, Snowford Junction), where the plants
occurred on an unsprayed siding. It is likely that these are
islands - or remnants of a once more continuous population - which
spread from coastal areas.

•On the less rigorously sprayed and often more compact cinder of
yards and sidings, annual grasses, including Vulpiabromoides,
V. myurosand Aira caryophyllea(both flowering May - July),occur
and are frequently associated with acrocarpous bryophytes and
CLadoniaspp. Where there is more trampling, Saginaapetala.and
Poaannuabecome common.
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The most commonly occurring annual on the ballasted track bed is
Geraniumrobertianum,which elsewhere is found on shingle as well
as in woods and along hedgerows. It is generally frequent on
railway land and is an early coloniser of ballast when spraying has
been interrupted. Linumcathartieumgrows on cinder, ballast and
freely draining verges. It was_also recorded from ledges in
siliceous rock cuttings in west Scotland, and is clearly not
restricted to the calcareous habitats where it is found more
generally.

.Grime (1979) has.shown that the annual strategy is adapted to
stressed environments. His findings support the observations that
e large proportion of annuals on BR land grow preferentially on the
-cess.

2.3.3 Coss cryptogams

The life cycle and.the habit of some cryptogams also enable
successful growth on the cess. Certain acrocarpous, endohydric
bryophytes.are_abundant on cinder. These tolerate desiccation and
wide diurnal and seasonal fluctuations in temperature (Richardson
1981). Funariahygrometrieais particularly widespread (Table 2.2).,
occurring on •a great majority of sites. Bryum argenteum,
B. caespiticiumand B. caOillareare also very common, as are
Ceratodonpurpureus,Barbulaconvolute,B. unguiculataand
Polytriehumjuniperinum.It was expected to find the sand dune
colonisingTortula ruraliformis,but this species proved
surprisingly uncommon.

Where drainage is impeded, the thallose hepatic Marchantiapolymorpha
becomes frequent, whilst, in the high rainfall areas of the upland
nortkand west, a very wide variety of bryophytes, including
Dicranellapalustris,Dicranumscopariumand Polytrichumformosum,
occur on cinder track margins. In these areas, B. argenteum
becomes quite rare.

Horsetails are also common on cinder margins. Their rhizomes
penetrate the soil deeply, and the plants show considerable
resistance to herbicide (Sargent & Mountford 1979). Equisetum
arvenseis particularly widespread on lines in England and Wales,
where its distribution is probably only limited by the dependence
of thelgametophyte (haploid generation) on adequate surface water
for development and fertilisation. In Scottish Region, E. palustre
and F.- sylvaticumshare the same habitat.

Few cryptogams survive on ballast on the track bed unless regular
management is interrupted. Discarded (and hence no longer sprayed)
material is colonised by crustose lichens(especiallyin the west and

_north), and by acrecarpous bryophytes including Tortulamuralis,
Grimmiapulvinata,and, less frequently,Orthotrichumdiaphanum.
Barbulaunguiculataand others of the cinder group (above) also
colonise spent ballast, and Racomitriumcanescensis frequently
found in upland regions.
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Where ballast is shaded, pleurocarps occur more often, and, under
the 'summer canopy' of rosebay, nettle or false oat grass,
Brachytheciumrutabulumalmost invariably covers the stone chips.
It is often only absent at, and may be used as an indicator of,
sites which have recently been burnt. Laphocoleabidentatais a
very common associate of B. rutabutum.

_An.interesting bryophyte of the-cess in Scottish Region is
Tetraplodonanioides.This species was found luxuriantly covering a

- sheep lying near the track, on to which the sheep had evidently
strayed and been killed by a train.

Because resources were limited, it was only possible to record
bryophytes systematically from.within quadrats. This meant that
railway masonry-was not-adequately explored. However, some rock
cuttings-were quadratted, and more obvious species on walls and
bridges were noted. Bryophytes were almost invariably more- -
luxurious and frequent on north, than on south,facing cutting walls.
Barbulaspp., Homalotheciumsericeumand Campyliumchrysophyllum
were amongst'those species found often in chalk cuttings, whilst
Trichostomuncrispulum,Seligeracalcareaand Tortellatortuosa
occurred morecfrequently on limestone. Eucladium.vertieillatum.
was noted under_the arches of more than one bridge, growing on
damp lime-containing mortar.

A-greater variety of species were observed on siliceous cuttings,
with Grimmia,Tortulaand Isotheciumspp. being especially common,
except on sandstone where Oicraneliaheteromalicbecame ubiquitous.
On flushed or dripping walls, larger foliose hepatics, including
Diplophyllumalbicansand Gymnocoleainflate,were often found,
whilst the more local Odontoschismadenudatumwas recorded from
Baron Wood (8178), on wet sandstone.

Asplenoid lerns, including Aspleniumtrichomanes,A. ruta-muraria
and Ceterachofficinarum,were occasional on rock and masonry. All
masonry ferns were less frequent than the literature (especially
Walters 1969;-Dony 1974) might suggest, possibly because of the
complete decline of steam locomotion, which must have produced

' considerable condensation on tunnel mouths, bridges and platforms,
favouring the gametophyte, and hence establishment of such species.
Asplcniumviridewas found-at one.site (R203, Woo Dale).

2.3.4 Cess perennials and woody species

Perennials and woody species occur infrequently on systematically
managed areas of the cess (see, however, Equisetumarvenceabove)
although plants rooted on the verge may spread runners on to the
track margin, where there is less competition. Potentillareptans,
Fragariavcscaand bramble (ftbusfruticosusspp) were particularly

_often observed, and the habit is shared by Hieracizenpilosellaand
Ajugareptans,which may also successfully produce overwintering
rosettes.



14

These plants are among the early colonisers of spent ballast tips,
where, however, false oat grass (Arrhenatherumelatius)is very
effective. False oat grass is the most common plant of BR land.
It is known as a coloniser of limestone scree (Pfitzenmeyer 1962)
and of onshore shingle banks (R Fuller, ITE, personal communication).
It often forms more or less pure stands on ballast discarded one or
two years previously. Adjacent to woodland, or an established
source, bramble becomes very competitive, whilst, if the ballast
Ancludes a high proportion of cinder or fine grained material,
Chamerionangustifolium(rosebay) and Seneciojacobaea(ragwort)
colonise successfully. In upland areas of Scottish Region, where
false oat and bramble are not found, colonisation is usually by
ragwort. Some crucifers establish on this matrix: in London
Midland Region, Lepidiumheterophyllymwas found frequently, whilst
Sinapis,Diplotaxis,Drabaand Sisymbriumspp. are common.

As with seaside annuals.,habitat similarities encourage some sand
dune and shingle perennials to move inland. Carexarenariahas a
new Vice-County record for Herefordshire, where it was found

:growing on.a cindery track margin. Both C. arenariaand Saxifrage
granulata.werefound -growing on a cindery track margin on the down
side (away from the coast) only of a line in west Scotland, some
16 km (10 miles) inland from a known coastal site. The spread of
propagules had presumably been assisted by rail traffic. On less
thoroughly managed track beds, a more varied flora has survived. A
particularly good example is found on the Isle of Wight, where
spray trains are not used. Much of the line has been closed, but
the remaining 11 miles between Ryde and Shanklin are maintained
manually. The ballast is of small shingle. Chaenorhinumminusis
frequent on -the track and Seneciasqualidus,having crossed the
Solent, has-become well established. (The verge flora is also of
interest and includes Fulmonarialongifoliaand Orobanchehederae).
Spray trains are also absent from the west Wales coast line, being
unable, for safety reasons, to cross the causeway at Barmouth. The
track flora_is not outstanding, although some interesting coastal
species occur, including Catapodiummarinumand Viciasylvatica.

Elsewhere, less used branch lines tend to be of interest. In
.Southern and Western Regions, Primulavulgaris,Violarivinianaand
Lathyrusspp. are often found on the cess, whilst Epilobium
lanceolatum,Barbareavernaand Linariarepensoccasionally occur.
At one site on limestone in north Wales (13180,Graig Fawr), plants

- growing on the ballast included Silenenutans,Helianthemumcanum,
Minuartiavernaand Geraniumsanguineum.Although still officially
listed as active, this quarry line is seldom used - except as a
public footpath!

A small group of perennials with Crassulacean acid metabolism are
characteristic of the water-stressed track margin. These include
Sedumroflexum,S. acre and S. telephium.S. roseumis also common
in Scottish Region.

Although many species may germinate on water-stressed ballast and
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cinder, and up to 22 species have been recorded within one 2 m
'square quadrat R261, Rigmoor) in early summer, the majority of
plants are extremely stunted, and it is clear that the survival
rate is low.. Where drainage is impeded, however, and water-retaining
organic matter accumulates, successional stages from a ruderal tall
herb community towards birch and sallow scrub are observed
(eg R185, Derby Airport; R282/8200, Bogside). This is particularly
characteristic of little used areas of railway yards. Many of the
.more common species are those most often described in Floras
(Table 2.2).

2:3.5 The verge flora

- The composition of the verge flora is outlined in Figure 2.1. It is
dominated by native perennial species, and includes comparatively
few ruderal, annual or alien_taxa. The majority of cryptogams are
pleurocarpous or epiph-itic. Much of the BR verge supports a closed
.vegetation (sensu.Grime'1979) of false oat/fescue grasslands, with
finer-leaved or•species-rich facies.occurring on mineral cutting
soils, and coarser forms with broad-leaved grasses, and dock, nettle,
thistle, rosebay and invasive bramble on embankment slopes. The

-vegetation.at the top of such slopes and on many flat areas adj-
acent to the track bed is open and disturbed by the tipping of spent
ballast (see-above). Scrub invasion is widespread (proportions of

-- defined vegetationrtypes are given in Section 3 of this report) and
in some areas, particularly towards the west coast and in steep
cuttings (where management has not proved practicable), secondary
woodland.has become established. K Mellanby (personal communication)
has suggested that the only area in Britain where secondary woodland
is still expanding.is along railway verges (used and disused; see,
however, Section 4). On flats and embankment slopes, sallow, hawthorn
and blackthorn scrub are common, with ash (Fraxinusexcelsior)
occurring remarkably often on colonised (old) ballast tips.

The flora shows considerable regional variation, with, for example, a
larger woodland component in the west, and more aquatics on the
footings and ditches of embankments crossing arable land in the east.

Species-rich chalk grassland and calcicolous scrub with dogwood
(Cornusscnguinea)and viburnum (V. lantanaand V. opulus)are
common in Southern Region, whilst in Scottish Region Molinia
grassland and pinewoods occur, with the ground flora including
Vacciniumspp. or dryopterid ferns. Railway verges provide a
refuge for, and in some senses are a microcosm of, the British
flora. _Almost two-thirds of the native vascular species occur,
with only plants such as the pasque flower (Anemonepulsatilla)
indicative of long established vegetation (Mellanby 1981) and rare or
local lowland species (although a number of such were found,
Tables 2.3 and 2.4) and aquatic and montane plants being poorly
represented. Further study of the bryophyte flora would almost
certainly.show it to be more diverse.
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FIGURE 2.2 The distribution of alien (including adventive,
introduced and naturalized) and native phanerogams
recorded during survey within different habitats
on 31tland. Each 17.31 um within the circle
represents one species. 1% of species occupies
1:77 cm-. Total species = 1021.
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Because.the variety is so great and the bulk of objective

information collected relates to the verges, verge species are not
individually described, but arc discussed in Section 3, in

.conjunction with the vegetation types of which they are indicative
or characteristic. Localities and habitats of interesting or

outstanding species have been detailed in the site files prepared
as appendices to previous interim reports (1979; 1980; 1981).

These sites are indexed in 5 BR regional appendices to this report.

.2,3.6 Alien species

The proportion of alien phanerogams%.29% (Figure 2.2 from data in.
Table 2.4), on railway ladd is high. Of those recorded during the
.survey 32% occurred preferentially on the cess, 8% were found most
often on railway slopes, whilst 60% showed an indifferent
distribution, or were recorded too infrequently to classify

-accurately. Only 15% of native plants were found more often on the
cess than elsewhere.

The introduction of plants along railway lines has been well
studied (p 4 ; Muehlenbach 1979). Particular attention has been
paid to the origins of plants and to the goods or packaging
materials with mthichpropagules were transported. Species were, for
example, classified into citrus,-wheat or wool aliens (Thellung 1919),

with provenances, respectively, from around the Mediterranean, North
America or the-Antipodes (Meyer 1931; Kreh 1960). In Britain, Dony
(1955) described a flush of shoddy aliens on railway lines in
Bedfordshire shortly after the Second World War, when little labour
had been available for track management. Many of these were
ephemeral (Dony 1974). With the decline of the Luton wool industry

and the introduction of chemical herbicides, most aliens have been
lost and are now primarily of historical interest. Comparatively
few ephemeral or adventive plants were recorded during the survey.
Crop species were occasionally noticed, although agricultural seed is
seldom now transported by rail. The majority of aliens are species
which are physiologically adapted to the hot and desiccating Cess,
and which have taken advantage of the comparative lack of competition
in this open environment.

Many such aliens are garden escapes ("ferroviatic ergasiophygophytes"!);
some have been shaken loose from goods or packaging during transport;

others.casually discarded from carriage windows.or dropped by.birds
perching on.associated telegraph wires. Turbulence from rail traffic
(first.described by Matthies 1926, and recently studied by
Arnold 1981) has helped dispersal of some introductions (eg Senecio
squalidus,Kent 1957; 1960; 1964), whilst others may have become
temporarily attached to rolling stock. Buddlejodavidiiis wind-

dispersed and rapidly colonises unmanaged yards in southern England,
whilst the disjunct records for Cotoneastersimondsiiin Scottish

Region are almost certainly due to the spread of berries by birds.
There is some evidence that Epilobiumadenocculorhas been extending
Ats range on BR land, whilst new Vice County records are claimed.for

Barbarecintermedia(VC 84) and Runiasorientalse(VC-75),
indicating that these.aliens are-also spreading. B. ori:entalisis.
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usually restricted to south eastern England (Perring & Walters 1962),
'although the Rev G Graham (personal communication) has information
-about a railway site in County Durham, suggesting that the plant may
have spread along the east coast main line to its new sites in
Scottish Region. However, Graham records that the ballast on which
B. orientalisis growing came from Hartlepool where "many species
were listed as ballast aliens in 1866 by John Hogg".

It is likely that aliens will continue to establish and spread in
these stressed habitats, assuming disturbance is not too great. A
first UK record has been established for Hieraciurzygophorum
(Sell & West 1980), found by a member (J 0 Mountford) of'the survey
team-on a cindery track margin.

2.4 -Vice County flora and survey records

The'floristic tables are annotated with source information for all
species taken from the literature. Where there are more than 2 sources,
the-total number of references is given. This number is, to some extent,
an index of the-"railwayness" of the plants. Chaenorhinumminus,for
example, has been considered a typical railway species (Salisbury 1961)
and is mentioned in the literature more than 40 times, although it is.
less frequently-found at present. Almquist (1957) defined "railway
species" as those plants which "occur remarkably often in the railway
flora, or show a preference for, or are locally exclusive to, such a
flora" (translated in Niemi 1969). To examine this idea further, an
index of the frequency with which species were found during the'survey
was prepared and a comparison made between the frequency of our
observations and_the literature records. In making such a comparison
the null hypothesis was that species would occur equally frequently in
both datum sets.

A total of 901 species was common to survey and literature. All species
recorded by us.are annotated with one of the following symbols (Tables 2.3
2.4, columns 4,2 respectively):

R.= Rare, found in (1% of random sites or during the subjective
(Biological Interest, Section 4) survey only

0 = Occasional, found in 1-2% of random sites

C = Common, found in >2-5% of random sites

VC = Very common, found in >5-20% of random sites

U = Found-in >20% of random sites
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TABLE 2.2 Railway species.common to survey and literature

The Table groups, by frequency class, the 896 species common to survey and
literature: the large aggregates of Bryumbicolor,Hieracium,Rosacanina,
Rubusfruticosusand Taraxacumofficinatewhich were not identified to
species level arc omitted. The data are reduced from Tables 1.3 and 1.4,
where information about the status of all other species observed less
frequently on BR land may be found.

SURVEY
SITES

> 20

>20% Chamerionangustifolium

5-20% Arabidopsisthaliana.
Leucanthemumvulgare
Linariavulgaris
Senecioviscosus

<5% Cardariadraba
Chaenorhinumminus
Convolvulusarvensis
.Diplotaxismuralis
Echiumvulgare
Fragariax ananasso
Lathyruslatifolius
Linariarepens
Medicagosativa
Resedalutea
Resedaluteola
Seneciosqualidus
Valerianellalocusta
Vulpiabromoides
Vulpiamyuros

IITERATURE RECORDS

11-20

Equisetumarvense
Festucarubra
Heracleumsphondylium
Lathyrus'sylVestris

Cardaminehirsuta
Centaureanigra
Daucuscarota
Erophilaverna
Fra•ariavesca
Hypericumperforatum
Lotuscorniculatus
Potentillareptans
nissilagofarfara
Viciacracca

91 Forbs
-6 Ferns
3 Grasses
1 Woody species

No Bryophytes

10

Arrhenatherumelatius
Brachytheciumrutabulum
Bryumargenteum
Ceratodonpurpureus
Cirsiumarvense
Crataegusmonogyna
Dactylisglomerata
Funariahygrometrica
Galiumaparine
Hederahelix
Holcuslanatus
Lophocoleabidentata
Plantagolanceolata
Poapratensis
Rumexacetosa
Urticadioica

31 Species including:

13 Forbs
6 Grasses
5 Woody species
5 Bryophytes

(cess acrocarps)
2 Ferns

(ground-growing)

The bulk of less
common railway plants
recorded by the
literature and.us.
Mainly grassland
species and
individuals of well-
drained soil and
cinder.

103 Species including: 712 Species
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The hypothesised equivalents between literature and survey records were:

Literature

1-2

3-5

6-10

11-20

>20

Survey

0

VC

The degree of correspondence in frequency class between coincident literature
and survey records is low (x2 = 118.75, p<0.1). The cases when the survey
and County Floras correspond are fewer (316, 35%) than those where the
survey (287, 32%) or-the Floras (293, 33%) recorded relatively more, ie
65% of frequencies did not correspond.

This lack of correspondence could suggest that the selected frequency
categories are not equivalent. However, lack of correspondence would give
a bias in one direction only, not the observed, extensive spread in both
directions%

In Table 2.2, species.in the 2 most frequent classes from each source are
compared. .Residual data, 877 species, are broadly categorised rather than
named.

There are 19.species common to the 2 highest frequency classes. They are
generally plants of freely-draining grassland, although there is a bias
towards ruderals in the literature group. Chamerionangustifbliumis
clearly the "railway species" (sensuAlmquist)par excellence.

The discrepancies within and between the classes are due, in part, to the
differing scopes of investigations. Restricted access (BR land is private
property and trespassing is dangerous and carries the risk of a substantial
fine) has limited much previous botanical work to station and shunting yards,
whilst the present remit (with co-operation from BR) has been to survey rural
railway.verges.

However, several of the plants, which were recorded during survey less
frequently than expected, are declining because of changing railway management
practices. Chaenorhinumminus (p. 10 ) and Convolvulusarvensisare good
examples. C. arvensisis abundant on the Isle of Wight railway where spray
trains are not in use. With the passing of steam, many saxicolous ferns have

.become less widespread on railway masonry. Other plants, eg Seneciosqualidus
and Diplotaxismuralis,have had their dispersal along railway lines well
documented (Kent 1957, 1960, 1964; Powell 1931), and may consequently have
been rather more zealously included, or overrated, in County Floras, whilst
a further group, including Resedaspp. and Vulpiaspp., are more
characteristic of cinder flats and railway yards than of the rural verges
on which the survey was focused.

Examination of the full list (Tables 2.3, 2.4; Figure 2.3) of plants occurring
more frequently in the literature shows that there is a general bias towards
introduced and naturalised species and towards some taxonomically difficult
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FIGURE 2.3 The proportions of phanerogams and cryptogams found
on BR land during the survey and reported in the
literature. The species data arc given in Table 2.3
and 2.4. Each 9.03 mm2 within the circle revesents
one species. 10,of species occupies 1.77 cm .
Total species = 1955.
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groups which have been the particular interest of one or more authors.
There is also a tendency for larger, or more showy plants, eg Verbascumspp.
and Nelliotusspp, which may be seen from railway carriage windows, to be
more thoroughly documented. Railway coverage tends to be more extensive in
Floras of southern and eastern Britain, and there is some emphasis on plants
with such a preferred distribution within this area, eg hickxia spp. and
Lactuca. This may, however, also be due to the comparative continentality
of the railway environment.

In the survey, on the other hand, more emphasis is placed on grassland and
woodland species, and systematic recording produced many more records for
inconspicuous and common plants. In particular, no bryophytes have more
than 4 literature records and several grassland species very commonly found
during survey, eg Eurynchiumpraelongum,Rhyncostegiumconfertum,
Rhytidiadelphussquarrosus.and Plagiomniumundulatum,arc not mentioned at
all.

41% of all non-rare grasses were recorded more frequently during-survey
(Arrhenatherumelatiusoccurred at >70% of random sites), whilst much
higher abundance is assigned to species of Carex (19 out of 23 non-rare),
Juncus(9 out of 11), Luzula(all 4 non-rare) and Rumex (5 out of 9).

Plants whose range seems to be actively expanding are also more highly rated
in the survey, eg Epilobiumbrunnescens,E adenocaulon,Cotoneaster
simonsii.andRhododendronponticum.

The species list for the survey shows that BR land includes more, and varied,
grassland, woodland and moorland than an inspection of County Floras, biased
toward station yards and the railway cess, would suggest.
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TABLE 2.3 Higher plants on British Rail land

The Table combines information from a literature
search for species recorded growing in railway
habitats with a complete list of plants found
during the BR survey. The sources (or number of
sources, where there are more than 2) are given
for each species from the literature, whilst
survey plants are annotated with habitat and
frequency information. Status and life cycles are
noted (see text - for discussion). The plants are
listed-alphabetically, although, following our
recording procedures, grasses and woody plants are
separated from forbs. Keys to abbreviations and
to the literature searched will be found following
Table 2.4.
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TABLE 2.4 Cryptogams on BR land

The Table combines information from a literature

search with a complete list of bryophytes and

pteridophytes found growing during the survey.

Lichens and algae were not systematically

recorded and are not included. Keys to

abbreviations and to the literature searched

will be found following this Table.
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KEY TO ABBREVIATIONS

STATUS

NAT NATURALISED (following Clapham et al. 1962)
INT INTRODUCED

LIFE CYCLE

A ANNUAL
BIENNIAL
PERENNIAL

FREQUENCY RECORDED DURING.SURVEY

<1%
1-2%

>2-5%
VC >5-20%

>20%

BRITISH RAIL REGIONS "

LMR LONDON MIDLAND REGION
SCR SCOTTISH REGION
SR SOUTHERN REGION
ER EASTERN REGION
WR WESTERN REGION

HABITAT PREFERENCES OBSERVED DURING SURVEY

VERGES GENERALLY
CINDER
BALLAST

YDS RAILWAY YARDS
CUT CUTTINGS
EMB EMBANKMENTS
-DIT DITCHES

MASONRY
-ROCK
EPIPHYTIC (CRYPTOGAMS ONLY)

RECORDS

FIRST RECORD FOR NUMBERED VICE COUNTY
(x) SECOND OR SUBSEQUENT VICE COUNTY RECORD

ONE OR MORE 10 km2 RECORDS
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3 VEGETATION

3.1 Sampling

Objective negetation sampling was based on a stratification of all rural BR.
land (Sargent 1933). The approach has been discussed in some detail in
previous interim reports (Sargent & Mountford 1979, 1980) and is described
only briefly here.

The rural railway.network was divided into 893 measured 10 mile units.
Selected•geographic mapped attributes were scored, for each of these units,
where they abutted on to, or were crossed by, the railway line. The
information was classified using Indicator Species Analysis (Hill et a/.
1975), a polythetic.divisive method based on correspondence analysis. After
inspection and some modification, the classification yielded 26 track
classes (ie groups of 10 mile units). The distribution of classes within
each-Region is shown.on the maps following page 68. Constant attributes,
which are present in more than 80% of members of each track class, are given
in Table 3.1. The Table is ordered using an index derived from the
relative representativeness of each attribute within.each track class, and
is designed to show relationship between classes. There is an evident
gradient between lowland south eastern and upland north western classes.

The.number of units in each track class is given in Table 3.2, together with
the verge area (excluding track, yards, etc). Verge width was measured at
.cach site visited, enabling the area of each track class to be calculated.
The total area of rural BR verge is 30 678 ± 4524 ha.

A total of 480 sites was distributed proportionately according to the
number of members within each track class. Members to be sampled were
randomly selected, and measured 100 m sampling sites (Figure 3.1) located
at randomly chosen BR mile posts within the selected members. For practical
purposes, sites were restricted to areas of convenient access. Four
transects were measured at each site at right angles to the track, the
direction which, within a short stretch of track, usually includes most
variation. A number of 4 m2 (nested 4 and 25 m2 in woodland) quadrats,
strictly proportional to the width of the verge, were distributed along each
transect. Species, cover and height were recorded, and pH, slope,aspect
and certain other environmental measurements taken. Species lists for entire
sites were made and qualitative descriptions written. Some sites were
adjudged to be of particular biological and conservation interest, and for
these site files have been opened (Section 4).

3.2 Classification and ordination

From within the random stratified survey, data from 3502 stands (4 m2
quadrats) for 667 vascular plant species were collected. Bryophytes were
not recorded during the first 2 years of the survey and arc therefore not
included in the.analysis. Plant cover was estimated visually in the field
to the nearest 5%, with discrete categories being given to scores of <1%
and <2%. For analysis, the information was reduced to 5 possible cover
abundance states for each species.
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TABLE 3.1 constant (occurring in more than 80% of members) attributesThe

railway track classification. The classification dependsthe on
diStribution of 83 geographic attributes within the 899,the

. 16-1 km (10 mile) units of rural railway, verge in Britain
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TABLZ

Track

3.2Areaofruralrailway

Class

verges

Area

bytrackclass

(ha)No. Units

1




SouthEastern 1 386 t136 41

2




SouthernChalkUplands 1 536 ±167 40

3




Chilterns
• 429 ±110 32

4




South Western , 960 1:141 40




CentralSouthern 1 292 ± 339 28

6




South Coastal




104 ±3 6

7




South Midlands 3 710 ± 603 70

8




Midlandsand EastAnglia 1 756 ±143 70

9




EasternLowlands 1 774 +367 28

10




Fens 1 205 ±307 .33

11




Pennine toal Measures 1 890 ± 225 51

12




Northern Sandstones




899 ±99 42

13




WestCoastal 1 012 ±140 29

14




LancashirePlain




559 ±120 15

15 -•Pennines 2 217 ±235 51

16




Western CoalMeasures




840 ±126 36

17




MidlandHills




916 ±489 29

18




North CoastCarboniferous




759 ±78 28

19




Scottish Lowlands
.1 729 ±141 56

20




North-WestCoastal . 276 ±31 16

21




Highland Coastal




879 ±102 26

22




'West Highlands




594 ±103 24

23




CentralHighlands 11 140 ±82 38

24




WelshUplands




507 ±91 18

25




IgneousCoastal




407 ±46 16

26




Weald




902 ±100 30




Total 30 878 ±4524 893
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FIGURE 3.1 Generalised site diagram. The random sites are 100 m long
and tied to BR mile posts. The arrows indicate the

direction in which recorders walked facing,.for safety
reasons, oncoming rail traffic.
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The:.scale-isweighted
. 'be-,mostrelevant.


<1%.
= 2

. >5-20% •= 3
.>20-50% = 4
50%. --:=5
•

toward the lower end where variability is likely to

During_classificttion and_evaluation, .these cover states
J.!pseudospecies",.Arrhenatherum etatius,at level 2, for example, being
.consi-dereda distinct species from.A. elatiusat level 4. This gave a raw
data_array-of.3502 x-667 x 5, or 11 679 170 components, a number too large

.- forprocessing:with-available software-and computing facilities.

.A.step-wise classification was therefore devised in which it was intended
iirst to classify a_stratified-(by track class) random subset of data, then
to ascribe the remaining data to the classification by.virtue.of a derived
key, and subsequently to re-sort resulting major vegetation groups.

A subset of.-937-samplesand.442 species was taken and classified with
TWINSPAN (Hill.1979a), a polythetic.divisive method which groups both
stands-and-species. The programme defines and divides.with respect to a
.number-of indicators-:..These indicators effectively form a key (Figure 3.2)
-which_may_be-used to ascribe further information to the classification.
With the data subset used, it-was-found that the maximum number of

- indicators allowed for in 'the programme (15) gave the least amount of
_misclassification-(ie samples recognised by the programme as occurring in
the wrong-category).

The indicator species key shown in Figure 3.2 was tested by returning the
937 samples used to erect the classification through the key. Only 78% of
samples went back to their original position, and the key was discarded.

A preferred method-of.ascribing information was found with the Ctekanowski
similarity coefficient. 90% of samples returned to their original or next
closest position, and the remainder of the data set, 2565 samples, was
ascribed to the initial TWINSPAN classification•using this coefficient.

A dendrogramshowing between-group similarities with the Czekanowski
coefficient is given in Figure 3.3, group average linkage is shown in the
left-hand-margin. Atza_linkage of 0.25, 4 major vegetation groups are
.distinguished: •

1. Heath._and_base-poor associations

Grasslands

Tall herb-and bramble

--4-..•Scrub-and:secondary woodland

.
At a 1inkage...of-0.3,the grasslands separate into fine leaved noda (2A)and
the railway Arrhenatherumelatius(28). The data set of each of these 5
major vegetation groups.was reclassified with TWINSPAN, and the results.or
these classifications used.to produce the phytosociologicat tables given
below. Discrete vegetation-groups, linking at less than 0.15, are treated
independently under the heading 'miscellaneous'.

were treated as
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FIGURE 3.2 Key to initial TWINS?AN

Classification of 937 samples and 412 species. The key
depends on the indicators defined at each level of
division by the programme. See text for discussion.
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95% confidence ellipses enclosing the datum 'points of the

4 major vegetation groups on BR land as ordinated with

DECORANA, The first axis (x) of ordination shows a trend of

. decreasing disturbance away from the origin, whilst the

second (y) gives a gradient of diminishing pH and nutrient

availability. The vegetation groups are:

1 Heaths
2 Grasslands
3 Tall herb and bramble

4 Scrub and-secondary woodland. Data from subset of

937.samples
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Ordination of the subset (937 samples) data with DECORANA (Hill 1979b)
gave an extremely complicated plot, which is not reproduced here. A
simplified version, showing the 4 major groups linking at 0.25, is given
in Figure 3.4. 95% confidence ellipses enclose each set of datum points.
Disturbance diminished away from the origin parallel with the first (x)
axis of ordination. The second (y) axis shows a gradient of falling pH
and nutrient availability. Other trends'are obscured by the diversity of
the datum set.

3.3 BR vegetation noda

Vegetation noda occurring on rural BR verges are defined with the help of 6
synoptic tables. Each table covers one of the major groups described above.
The grasslands are subdivided into fine-leaved and false-oats, and the
miscellaneous noda (having an average similarity coefficient of less than
0.15,•Figure 3:3)-are grouped in one Table.

The format of the Tables follows, essentially, that to be used by the
National Vegetation Classification (NVC, Rodwell in preparation) and is
designed to make comparison practical. Certain differences will, however,
be found.

The constancy classes are equivalent:

V = present in 80% of samples
IV = >60%


III = >40%

II = >20%

I = ,120%

However, category I WO% has not been used at all in the construction of
the Tables, because a large number of vascular plants were recorded, many
occurring only casually in the more disturbed railway vegetation types.
Inclusion of such information would produce extremely long and complicated
Tables, or would mask trends defined where the particular species occurs
in greater abundancy in a related nodum. Use of this category has been
made by the NVC, and thiS may be because of the comparative smallness of
the datwnsets used to define some noda. Within the Centaurcanigrasub-
community (cf,Page_1980) of the Arrhenatheretumelatiorisfor example 40
samples are used by the NVC, whilst the BRS includes 859 stands. Similarly,
735 stands here define the Urticadioicasubcommunity, whilst 118 are
-grouped in that nodumby the NVC. Clearly the BRS is more specialised than
the NVC, but the greater weight of information in some areas should be taken
into account,when strict comparisons are made.

A simplified cover/abundance ratio of 5:states was used here. Use of the
Domin Scale, preferred by the NVC, would have given a raw data array of
>23 x 106 components (see above), and die increased problems of data
handling were considered to outweigh the finer definition given by the latter
scale.

For comparison, the following categories are broadly equivalent:

BRS NVC (DOMIN)

1 1-2
2 3
3 4-5
4 6-7
5 8-10
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- TABLE 3•3 The distribution of vegetation noda within track classes on BR land.
3497 samples. are'listed.'therremaining 5 .supportad bryophytes only
and were notelliSSified.
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KEY

Vegetation: 1..MOlinia-Myrica.nodum; 2. Callunetumvulearis 1; 3.-Callunetwnvulgaris 2; 4. Dryopteris. nodum;5. Pteridie.tt.:::; 6. 707.ci,,9 Pi97,d• ;:f2c.L7.;

7. Agrostis-Festuca nodum; 8. -Potent:ilia ereeta variant; 9. Achal.ea
variant; 10. Chalk grassland; 11. Brachypodiumpinnatun.grassland; 12. PcaangustifOlia variant; 13. Anthoxanthil.riodoratumvariant; 14. Viciacraccavariant;15. Alopecuruspraténsisvariant; 16. Eauisetum arvensevariant; 17. ChamsonangustifoliwnVariant; 18. Holcusmollisvariant; 19. Carexriparianodum;20.Ileracleu7,-Anthriscusnodum;21. Chamerion angustifoliumnodum; 22. Urtica-.7;:busnodum;23. Ulnusylabranodwn; 24. Arummaculatumnodun; 25. Prnus soinos::nodum;26. Clematis-Viburnumnodurn 27. Querceto- Fagetea; 28. Ombrogenons mire; 29.Rhododendronponticumstands;-30..9eeo beds; 31. Senecio viccosusnodur;32.[htricariamaritimanodum.
Track classes: 1. South Eastern ;, .2 .. Southern Chalk- Uplands ;. 3. Chi 1 ternsT 4. South.t
Western ; 5.. Central Southern:. 6.. South_ Coastal.; 7.. South.. nidl ands!;. 8... flid-Iands--and-.
East Anglia; 9. Eastern Lowlands; 10. Fens; 11. Pennine Coal ?.!easures; 12. Northern
Sandstones; 13. West Coastal; 14. Lancashire Plain; 15. Pennines; 16. Western Coal
Measures; 17. Midland. Bills; 18. North Coast. Carboniferous; 19. Scottish Lowlandsi,
20. North West C:oastali 21.. Highland' Coastal.; 22-.. West' Highlands ; 23.. Central
Highland:;.: 24. Welsh; 6Plandn ;. 25.. Igneous Coastal; 26'..
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The distribution of BHS vegetation types is given by track class. In
Table 3.3, the number of samples of each defined nodumin each track class
is given. The distribution of track.classes is shown on the maps following
page-68.

The vegetation types are described below, and habitat information is given
about each nodum.

3.3.1 Heath and fern associations'

Heath and fern associations cover approximately 1870 ha of BR verge,
and, with the exception of the Ptcridietum(nodum5), which is widely
distributed, are restricted to base-poor soils along lines in northern
and western Britain.

-The synoptic Table (3.4) given is based on 212 samples and 226 vascular
species; 5 noda are distinguished. The first 3 are heath and mire
-communities restricted to Scottish:Region, and broadly comparable to
nada defined by McVean and Ratcliffe (1962). Constant species for this
.:group are Callunavulgaris,Ericacinerea,Potentillaerectaand
Descharpsiaflexuosa. Nodum4 is essentially a woodland type.
Dryopters fillx-masand Teucriumscorodoniaare constant, and, together
with other forbs, -occurwith or without a canopy of ash, birch, sallow,
larch or sessile oak. This vegetation is found in Scottish and upland
areas of London Midland and Eastern Regions. The P7eridietum(nodum5)
is distributed throughout BR on freely-draining acid soils.

a. 1. Molinio-Callunetum*,Molinia-Mricanodum

160 ha, West Highlands

This is very close to the Moliniamyricanodumdefined by McVean and
Ratcliffe (1962), although Ericacinereaand Oreopterislimbosperma
are constant members (11) of the imilway type and Deschampsiaflexuosa
was found more frequently.

The swards are Aominated by Moliniacaeruleawhich oCcurs in the highest
constancy-and cover/abundance states. Potentillaerecta and !Vice gale
are consistently associated, whilst Ericatetralix and/or Callunavulgaris
are sometimes co-dominant. Campylopuspyriformis,HypnLi..mCupressiforme
var. ericetorumand Dicranumscopariumwere recorded frequently within
_this nodum. The number of vascular species in each sample (4 m2) varies
between 4 and.15 (x7), whilst from between 0 and 9 (x3) bryophytes were
recorded.

This vegetation has a very limited distribution on BR land occurring
mainly between Lochs Shiel and Mort on the West Highland (Inverness to
Mallaig) line. It occurs on flat or moderately sloping verges, on peat
or peaty soil, with a pH range of 3.8-5.7 (x4.4). Very little management,
tipping or disturbance was recorded.

An ombrocenousmire related to this community, but with an average
similarity of less than 0.15 (Figure 3.3), is described with the
miscellaneous noci::.
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lAbia 3.1 Heath and fern associations

212 samples, 226 species
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2. Callunetumvulgares,nodum1

360 ha, Scottish Region

Two noda showing affinities with the CallUnctumvulgarisdescribed by
McVean 'and Ratcliffe (1962) or the dry Callunamoor of Birse (1965) are
recognised from railway land in Scottish Region.

lhe first (Table 3.5, nodum2) is characterised by abundant Molinia
caerulea,possibly reflecting a history of verge burning (Muirburn
Research Group 1978), and by birch, salloW and rowan, with bracken and
some bramble. These may be more recent colonists of the comparatively
ungrazed and now less intensively managed-verges. From 5-19 (R10)
vascular species were recorded in each sample, and from 1-12 (76)
bryophytes. Most frequent amongst these were H. cupressiformevar.
ericetorum,Dicranellaheteromallaand HyZocomiumsplendens.Breutelia
chrysoconnoccurre& occasionally and,Pohl/a drumondiiwas recorded from
one site (R323, Glenfinnan).

The.vegetation occurs on flats and cuttings with moderate to steep slopes
and more or less podsolised soils. The pH range is 3.8-6.1 (x4.6), and
very little management or tipping was recorded.

3. Callunetumvulgaris,nodum2

390 ha, Scottish Region

The second nodumrecognised within the Callunetumis distinguished by
the virtual absence of N. caeruiea,bracken, bramble-and most non-
ericaceous woody species. C. vulgarisis more consistently dominant,
and D. flexuosaand Festucaovina are frequent associates. Vaccinium
vitis-idaeaoccurs occasionally (II), as 'doAntho=nt:lu,7odoratumand
Agrostiscapillaris.The most common brylophytesare H.;:ilocomiumspiendens,
Pleuroziumschreberi,Polytrichumcane, Pseudosoleropodiumpurum
and H. cuprossiformevar. ericetorum.RacomitriumZan,i.ginosum,
Barbilophoziafloerkeiand tophoziaventricosawere recorded from some
rather better•drained samples, whilst Sphagnumpal.J.stre,RiccarcHa
chamedryfoliaand Odontoschisrasphagni:occurred at the other end of the
.range. The number of bryophytes recorded from each sample was from
. 4-7 (5'c6),whilst 3-12 (R7) vascular plants were found.

1

- The samples are mainly from steeply sloping,cuttings on base-poor soils
(pH 3.7-5.4, 54.6). No management, tipping or railway disturbance was
recorded.

4. Dryopterisfilix-nnsnodum

320 ha, Scottish Region and Pennines

This noduniis based on a woodland
rnix-mas and restricted to Scotti
sites in the Pennines. Affinity i
(Braun-Blanquet & Tuxen 1943) or,
Qu.5:rotumpctrueae,or McVean and
woodland”; Subdivision-by canopy
to Q. petraea,Fraxi.nusexcolsior,

ground flora dominated by Dryopteris
sh Regilonand carboniferous limestone
s withlthe Quercetearobori-petm2ae
more closely, with .Tansley's (1949)
Ratcliffe's (1962) -mixed deciduous
species, which include in addition
Hatutaploescen3,deeidua and
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521ixspp., produces recognisable forms, there being, for example, a
strong correlation between birch and raspberry, and between ash andDryopterisdilatata. The latter vegetation is particularly
characteristic of the Glasgow-Oban line. The nodur7also exists withouta tree canopy; however, with a datum set of only 42 samples, splittingseemed unwise.

Constant ground flora species include Blechnumspicant,Agrostiscanina,.Deschampsiaflexuosa,Teucriumscorodonia,SolidagovirgaureaandPteridiumaquilinum.Trientaliseuropaeaand Goodyerarepensoccurred
.in one or two samples, whilst elsewhere MycelisnurottisandGymnocarpiumdryopteriswere found. An average of 13, •and range between 9 and 14,
vascular species were recorded at each stand,.whilst between.3 and 13.(R6) bryophytes occurred.. Particularly.frequent amongst'the.bryophytes.wereThuidiumtamariecinum,Dicranumscoparium,Dicranellaheteromalla,Polytrichumformosum,Eurynchiumpraelongumand Lophocoleabidentata.
Less tommon were Ctenidiummolluscumon carboniferous.limestone andOrthodontium.lineareon.peat.. Not surprisingly, the.pH range recorded',5.2-7.8 (R6.4), was,wide.

The vegetation occurs on moderately to steeply sloping formations, withcuttings being rather better represented than embankments. Underlyingstrata include.calcareous.and siliceous rocks,,and.some tipping.of.spentballast was recorded.. In high rainfall areas, Dryopteris.filix-mas.is a,very .common plant of railway tip, and observations suggest that it alsoshows resistance to herbicides commonly sprayed along verges by BR
(Table 2.1). .This may account for its more consistent inclusion in therailway facies.described, than in comparable forms clswhere.

e. 5. Pteridietumaquilinum

590 ha, all Regions

. Communities dominated by Pteridiumaquilinumare widespread on BR land.The nodumdescribed here is broadly comparable with the association
defined by Tansley (1949). P. aquilinumand R. fruticosusoccur
consistently, whilst Digitalispurpurea,Rolcusrollis,H. lanatus,A. elatiusand Chamerionangustifoliumare amongst frequent (11)
.associates. Commonly occurring bryophytes include ?;Ttidiadelphussquarrosus,Lophocoleabidentata,Brachytheciumrutabulu7;Pseudosclero-podiumpururuThuidiumtamariscinumand Hylocomiumsplendens.The
number of vascular plants in each sample is between 4 and 20 (R14)
and of bryophytes 0 and 7 (R3)..

The Pteridietumoccurs mainly on freely-draining embankments with
moderate inclines and some ballast tipping. Few samples occurred in
the north-facing quadrant of the compass. Although little managementwas recorded, the widespread distribution of this vegetation type may

. be due, in part, to earlier verge-burning regimes.

3.3.2 Fine-leaved grasslands

The synoptic phytosociological table (3.5) of fine-leaved grasslandsfound on BR verges is-based.on 388 samples and 354 vascular species;
6 noda are recognised, varying in species composition between grass-heath and-chalk-and-limestone swards. These grasslands cover
approximately 3400 ha, and are distributed throughout BR. They occur
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at extremes of ph, in upland areas, and on unstable slopes (eg chalk
cuttings), where the Arrhenatheretumelotiorischaracteristic of BR
verges does not compete successfully. Fine-leaved grasslands are also
found where small mammal grazing is sufficient to inhibit coarser
grasses, and along browse margins, where livestock from adjacent pasture
feed through or over the boundary fence, hedge or wall. This grassland
is particularly interesting because, whilst being selectively grazed, it
is neither dunged nor trampled. It is not well documented in the
literature.

Results described in Section 4 of this report, where changes in
railway vegetation-are considered, suggest that, in the.absence of
systematie.burning, and underia.small,mammal.grazing regime.,.Festuca.
rubramay compete successfully with A. elatius. The rate of increase
in area of.BR verge supporting a fine-leaved grassland was found to be
more rapid-than that where an Arrhenatheretumgrows (Figure 4.3); whilst
a majoiity.of:.recently (usually accidentally) burnt swards:are.dominated.
by.A. elatius(Table 4.1). Systematic verge burning was discontinued
in the.early 1960s.

The_abundance of Holcusmonis in some of the more acid grasslands
(Table 3.5) and.the comparative•scarcity of Festuca.ov.::na.andabsence
of Cynosuruscristatus.mayreflect-the history.of.burning.(cf
Tansley J949), whilst reduction in-this method of management, coupled
with increased rabbit grazing in recent (post-myxomatosis epidemic)
years, has probably encouraged species diversity along verges.

Fine-leaved grasslands with Vulpiaand Aira spp. are widespread on the
cinder cess. They are not discussed in detail here because of the
restriction of systematic sampling to rural verges.

Descriptions of the 6 noda are given below. They are divided into bent-
fescue grasslands, in which a grazed type with 2 variants (7, 8, 9),
and a subcommunity with Holcusmonis on peaty and humic soils (6)
are recognised and distinguished from calcicolous noao of herb-rich
(10) and Brachypodiumpinnatuin(11) grasslands. The geographic range
of each is shown in relation to the track classification (Table 3.3),
the-more specialised forms on peat and calcareous substrata (6, 10, 11),
which are not directly dependent on grazing; having a more restricted.
distribution.

a. 6. /Ways subcommunity

580 ha, Scottish, London Midland and Eastern Regions

Although this community recognisably belongs amongst the Agrostis-
Festucagrasslands described by Tansley (1949), the common occurrence
of A. elatiusand C. angustifblium,together with the abundance of
H. mollis(possibly in consequence of previous burning), suggests that
this is.a distinct railway form of vegetation.

It is the least species-rich of the fine-leaved nodc described, having.
between-8-13 (R11) vascular species-and 0-4-(3). bryophytes in-each,
sample. The.mostfrequently recorded bryophytes.were Ccgyjopus.pyrijornths,Polytrichum-juni:gerinum;WiytidiOdeers scl,crrosusand
Brachytheciumrutahulum,the latter usually occurring on spent ballast
beneath the grass canopy.
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The grassland has a northern and western distribution, and was found
most often on flats or south-westerly slopes with a moderate incline.
The soil is humic or peaty with a low pH (3.9-6.2, R5.2), and very
commonly strewn or partially covered with old (not 'recently tipped)
spent ballast. In samples adjacent.to the track, some spraying was
recorded; elsewhere little recent management was observed.

7. Agrostiscapillaris-Festucarubragrassland

1130 ha, all Regions

This community is widely distributed on BR land and includes many of
the cattle and sheep browsed margins, and more heavily rabbit grazed
swards. In addition to the type, 2 grazed variants are recognised.
Clne is found on more acid soils (8, Potentillaerectavariant), whilst
the other (9, AchiZleamillefbliumvariant) occurs'on more fertile and
less freely draining soils.

The type is comparatively species-rich, with between 9 and 25 (R18)
vascular species, and 0 to 5 (R1) bryophytes in each sample. Amongst
the constant vascular plants are Anthoxanthumodoratum„Holcuslanatus,
Poa pratensis,A. eZatiusand Dactylisglomerata,whilst common bryophytes
include Ceratodonpurpureus,Bryumcapillareand Polytrichumjurriper-Lnum
acrocarpous species usually found in freely draining areas, with little

--shade.

Most samples were from flats, or wide freely-draining and moderately
sloping cuttings, with a pH range between 5.3 and7.9 (16.4). Vegetation
from one siliceous stone wall rising abruptly from the cess is rather
anomalously included. A majority of swards had ballast, varying from
light to severe, strewn around. Little management was recorded.

8. Potentiltaerectavariant

450 ha, Scottish and London Midland Regions

This variant is confined to base-poor soils (pH 4.0-6.2) in Scottish and
London Midland Regions, with single (possibly anomalous) aliens in
Eastern and Southern Regions.

The constant vascular plants of the type (above) are associated with,
amongst other heath species, Callunavulgaris,Gczliwnsaxatile,Festuca
ovinaand Moliniacaerulea. Common bryophytes include Rhytidiadelpkus
squarro8us,Hylocoiriumspiendensand Plagiomniumunduiatum.Numbers
of vascular plants range between 0 and 5 (R3) in each sample.

The grassland was found on predominantly flat formations, with some
light'ballast-tipping and little management.

9. Achilleamillefoliumvariant

590 ha, all Regions

This variant occurs on deeper, more fertile soils with a pH between.
6.0 and 7.6 (R6.7). A majority of samples are griazedby livestock from
adjacent pasture, and occur on flats along embankMent footings or at the
top of cutting slopes. The increased fertility May be associated with
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spray drift, or drainage into the footings, but not with dunging, as
grazing is restricted to, or through, the boundary and.livestoCk-seldom
escape on to railway land, Constant species which distinguish this
variant sireTrifoliumrepens,Cerastiumfontanum,Luzu/a campestrisand
Acnilleamillefolium.From 5-16 (R13) vascular plants and from 0-73 (R1)
bryophytes occur, including almost consistently Rhytidiadelphus
'squarrosus.

Little management or tipping was observed.

c. 10. Chalk grassland •

180 ha, Southern-,andWestern Region

This grassland.clearly falls within the Festuco-Brometeaof Braun-
Blanquet and Tuxen (1943) or thermophilic dry grassland defined by
Wolkinger andHPlank.(1981)..

On BR land, it is restricted to steeply sloping;.unstable.,chalk cuttings •
in Southern and Western Regions.

The community is extremely species-rich with from between 22 and 28
(5E26)vascular-plants in each 4 m2 sample. Clinopodium-vulgare,Bellis
perennisand Hyperieum.perforatumare•the most constant.distinguishing..

' species. .Amongst-bryophytes, only Brachytheciumrutaioulumwas
occasionally.recorded.

The samples were on calcareous soil of pH 7.3-7.7 (R7.5). No tipping
or management was recorded, and the instability of the slopes probably
discourages colonisation by woody species.

f. 11. Brachypodiumpinnatumgrassland

470 ha, Southern and Eastern Regions

These grasslands also have a limited distribution, occurring on moderately
sloping calcareous cuttings in Southern and Eastern Regions. The soil
is.often.clay and the pH varies between 7.2 and 8.2 (R7.8)..

The swards are comparatively coarse and only moderately species-rich,
with from 9-15 (Z12) vascular plants and 0-5 (52) bryophytes in each
stand. Constant species include Cirsiumarvense,Convolvulusarvense,
Poa angustifolia.andBromus.erectus,,and.the communfty is.distinguished:
from drier members in this group by the virtual absence of•Festucaru.Srat
At one-site, Ophrysapiferaoccurs abundantly, whilst at others'Cirsiun
eriophorumand Genistatinctoriaare interesting associates. Amongst

-bryophytes, Homatotheciumlutescens,CampyliumchrysophylIumand
Eurynchiumstriatumare important.

Although-little_management and no tipping was recorded, it is likely
that burning has, in the past, played some role in the development of
-the sward.
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3.3.3 Arrhenatheretumelatioris

13 730 ha, throughout BR

The railway Arrhenatheretummay be strictly compared with theArrhenatheretumelatiorisdefined by Rodwell for the NVC. A
prepublication copy of the chapter concerning mesotrophic grasslandshas been distributed within the NCC and kindly made available.

The Arrhenatheretumis almost ubiquitous on railway land, occupyingabout 13 730 ha, and absent only from track class 24, Welsh Uplands,where the narrowness of randomly chosen verges may have led to under-sampling. In.Table 3.6, 7 noda are.recognised.based on asample' of.
1594 stands-and 461.species.

.The first 3 of these are considered variants of the Centaureanigra
subcommunity defined by.the.NVC, but are not directly identifiable with,noda.described. The.remaining 4-fall within the Urticadibieasub-
community. The C. nigramembers are,here distinguished by-that.species.and by Holeuslanatus,Rumexacetosaand Taraxacumofficinale.Characterspecies for the second subcommunity are Urticadioicaand Cirsiumarvense,which is also distinguished by having rather more bramble(Pubusfruticosus.agg.) and rather-less-Festuca-rubra.The C:nodh are characteristic.of'disturbed.cuttings,.whilst.the:U. dioica.no2a:more-frequently occur on the deeper soils of embankments and slopes.

The most consistent floristic differences between the railwayArrhenatheretumand that defined by the NVC from data collected fromother (non-railway) habitats are the complete absence of Cynosuruscristatus(recorded in species lists but not stands, from 3 random sitesonly),_and the general and widespread occurrence of E. arvenseandC. angustifolium(present in all nada, at level 1 where not otherwisemarked; Table 3.7).

Poaangustifoillais not described in the NVC ArrhenatheretuMbut givesits name here to a variant based on consistent occurrence (215 samples)and association with other .species of well drained slopes with sunnyaspects. PO4 angustifbliais present at level I (not tabulated) in all,members of the C. nigrasubcommunity.

The comparative species paucity of the railway Arrhenatheretumis moreapparent than real. The large number of samples gives constancy valueshere considerable-weight when.comparecl, for example, with:the.valuesgiserrin the NVC. An inspection of.NVC tables suggests greater.diversity',but.this is due to the rather smaller datum set (one tenth) used. Mean
. species/sample-are approximately equal, although the maximum number ofspecies/sample recorded tends to be much higher in the railway datum set,,whcre casual-and adventive plants occur frequently. AcanthusmolL:s,Kniphophorasp. and Triticumaestivumare amongst more interesting'species found. .

The 7 railway nadaare described below. The C. nigravariants arePoa angustifolia(12), Anthoxanthumodoratum(13) and.ViciA2cracca(14),
•whilst the U. dioicavariants are Alopecurusprat.--3sib.(15), E4yiz-27-:..r:arvense(16), Chamerionangustifolium(17) and.HOl.cus:molli'S:.(48)..:Thetlistributi'orrof-thesenodawith respect to track classes is shown inTable 3.3.
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12. Poa angustifoliavariant


1890 ha, all Regions

The Poa angustifoliavariant occurs on disturbed flats and south facing
cutting slopes. Moderate to heavy ballast tipping, recent burning and
scrub cutting were frequently recorded. The pH.range is wide, 5.0-8.2
(R7.0), and probably not as critical to the nodumas the freely draining
character of the soil.

ConStant associates which distinguish this variant are Viciasativassp.
nigra,Potentillareptansand Leucanthemumvulgare. Whilst
Cerastiumfontanumis a constant member of the NVC Arrhenatheretum,on
railways it is only present with any consistency in this nodum. The
number of vascular plants in each stand varied between 1 and 42 (R19),
and the species richness and diversity is almost certainly associated
.with disturbance. Bryophytes are less abundant, and between 0 and 4
(i0.)were recorded, including particularly Bryumcapinlare:and.
Brachytheciumrutaindum. Amongst the more interesting species recorded
were Leptodictyumripariumand Tortula ruraliformis,more commonly
mssociated with, respectively, pond or river margins and sand dunes.

13. Anthomanthumodoraturnvariant

2040 ha, all Regions except Southern

This variant occurs on rather more acid soils (pH 5.1-7.3, R6.3), on
moderately sloping north facing formations (usually cuttings).
Considerable disturbance by ballast tipping was recorded, although
burning and scrub cuttings were less important than in the previous
nodum. Most samples came from rather nearer the cess, where railway
influence is stronger, than the boundary.

Between-9 and 24 (R16) vascular plants and 0-5 (5E2)bryophytes were
recorded from each stand. The constant specieS which distinguish this
variant from other Members of the subcommunity include Agrostiscapillaris,
Lotuscorniculatus,Hieraciumspp. vulgataand Angelicasylvestris,
which is frequently found where spent ballast provides some light mulching
of.the _underlying soil. Amongst commoner bryophytes were Lophocolea
bidentata,firachytheciumrutabulum,Rhytidiadelphssouarrosusand
Eurynchiumconfertum.

14. Viciacraccavariant

3610 ha, all Regions

This is a coarse variant on rather deeper, circumneutral (pH 6.1-8.3,
R6.7) soils on flats and low cuttings or embankments. The majority of
samples fell into east or west facing quadrants. Tipping, varying from
light to severe, was fairly consistently recorded, whilst the most
frequent form of management noted was selective spraying of scrub11nd
woody species.

The variant is distinguished from other members of the subcommunity
by the presence of Llymusrepe;:sand V. cracco. It is-considered,the
railway type.. The fewer number of selective species--in-part-reflects
its large size. This variant is the most widely distributedvegetation
on BR land, OCCupying approximately 3610 ha.
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Individual stands are less species-rich than related noda, with from
5-21 (R13) vascular species and 0-8 (51) bryophytes being recorded.
B. rutabulumand Bryum capillareare the most commonly occurring
bryophytes in this rather disturbed grassland.

15. Alopecuruspratensis variant

3500 ha, all Regions

This is the other large and widespread variant of the Arrhenatheretum
occurring on BR land. It is characteristic of flats and embankments
(and a few cuttings), many of which have gently (<300) to moderately
(<45°) inclined slopes.with.a.south-westerly.aspect. Tipping, often
severe but always more.or less:colonised (oId)-,was consistently recorded',
and the majority of samples came from closer to the cess than the
boundary. Soil.pH varied between 4.8 and 8.4 (R6.9).

The variant shows character species with both the Centaureanigra
community (Lathyrus-pratensisand.PoapratensiS) and the nodwm with
which it is included (Cirsiumarvense and Urticadioica). It is
-essentially intermediate, occurring on warmer (sw) and better drained
embankments, as well as on some cuttings. The Centaureanigrasub-
community is characteristic-of.cutting.slopes, whilst. the-U. dioiCa
nodum is virtually restricted to.the!often more.disturbed,eMbankment
slopes, with comparatively deeper soils.

E..repensLand_Equisetumarvense occur at a high constancy level in this
nodum, which is distinguished from related variants by A.:pratensis,
Pbratrivialisand Anthin:scussylvestris. The average number of
vascular species in each stand is 13 (range 3-42), whilst from 0-8 (il)
.bryophytes were recorded. Frequently occurring species included
B. rutabulum,Funaria hygrometricaand B. capillare.

16. Equisetumarvense variant

760 ha; all Regions

This is a comparatively species-poor variant (X11, range 2-21) which
. includes recently colonised ballast tips. Bramble (Rubusfruticosus
- agg.) is ubiquitous and horsetail (E. arvense) a common associate.

The nodum occurs on embankment slopes, many of which have a south-
easterly aspect.,and:ow:most of which.spent.ballast has been tipped.
Little -other management waS recorded.. The pH.is circumneutral (4.5-
8.0, 56.9), and the most frequently associated bryophytes are
B. rutahulum and Eurynchiumpmelongum.

17. Chamerionangustifoliumvariant

1040 ha, all Regions

-Closely related to the previous nodum, this variant is distinguished by
the constant occurrence of Chamerionangustifolium. It occurs on
embankments (and occasional cutting) slopes.with.variable., but
consistently colonised; tipping. The pllranges.between-5.2 and 7.6'
(R6.5), and nO preferred aspect or particular form of management was
recorded.



90

TA3LE 3.7 Tall herb and bramble

791 samples, 349 species
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Da_7:el!'7.31ateittc IT ‘1-4)






s“uastr:.3 II (1-3)






Vira ClUeU II (1-3j






Pent,"r: sphon:15
k:1 (1-5)

' (1-5)

C7-47T1er>,nong“stifoilwn II (1-5) 111 (1-5)

finjoptert:a IX (1-5)

17,10.Saoples 89 28'2 186 234
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There are an average of 12 vascular species (8-16) and fewer than 1
(0-3) bryophytes in each sample, with only B.,mtabulum occurring
commonly.

18. Holcus monis variant

890 ha, all Regions except Southern

The distribution of this nodum seems largely determined by soil pH and
ballast tipping. The soil was recorded as considerably more acid,
55.5, with a narrower range, 4.3-6.7, than found in other members of
the railway Arrhem2theretum. Tipping was consistently recorded, and
varied from recent and heavy to.old and light.

Although no preferred aspect or formation was noted, the nodum was
not found on steep inclines, and only occurred close to the cess in
cuttings.. Management was minimal.

The variant is distinguished.by the presence of Holcus molliSand is.
not particularly species-rich (R13, range 8-21). No bryophytes were
recorded.

3.3.4 Tall herb and bramble

6930-ha, all Regions

The phytosociological position of these noda is not entirely clear.
They are.probably intermediate between.the Arrhenatheretumalready
defined, and the woodland edge communities (Rharmo-prunetea,Westhoff
& den Held 1969). They are particularly characteristic of mid and
lower embankment slopes, where a thin layer of, or scattered, spent
ballast mulches the underlying soil, which is usually damp and organic.
Nitrophilous and oily wastes from trains, and runoff from the cess
drain into these areas. Where tipping is deeper, or the soil better
drained, these communities grade into the Arrhenathereium. Where
unmanaged, -they give way to sallow, and alder scrub, or, in drier areas,
ash or blackthorn.

The tall herb and bramble noda are characterised by A. elatius, U.
Calium.aparineand Cirsiumarvense. Damper noda with Filipendula
ulmaria,E. arvense, F. rubna and E. repens are distinguished from those
in which bramble becomes ubiquitous.

The phytosociologicar Table.(3.7)-is based on 791 samples and 349
vascular species. It distinguishes between the 4 communities which-
are described below (distribution, Table 3.3).

a. 19. Carex riparia nodum

780 ha, all.Regions

This and the following nodum show strong affinities with the Fil/;pY.-th.dion
(Segal 1966) of the MbZinio-Arrhonathereteaas defined by Westhoff and.
den Held (1969). They differ,in the constant,occurrence of-E.
and bramble which appear to be-railway attributes. Little similarity'
to the Carieetiumrii7arfoeof.Soo (1928) is found.
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The vegetation occurs in ditches, along embankment footings and on
some poorly drained flats. On embankments, tipping was recorded. The
pH range is 5.2-7.7 (36.7), and cutting and spraYing of woody vegetation
was frequently noted, in accordance with BR policy of keeping drainage
ditches clear.

Constant species, which distinguish this nodumare Carexriparia,
Lathyruspratensis,Dactylisglomerata,Angelicasylvestrisand Vicia
cracca. The mean number of vascular species in •ach sample is 11 (6-17)
and of bryophytes 1 (0-3), of which only B. rutabulumand Lophocolea
tridentateoccurred frequently.

20. Heracleum-Anthriscusnodum

2470 ha, all Regions

This is similar to the Heracleetosum(Zonneveld.1960, in Westhoff &
den-Held 1969).,.butdistinguished-by coarse railway-species, eg
E. arvense,G. aparineand E. repens,as in the previous nodum.

The community is found on ballast-mulched embankment slopes, of gentle
to moderate incline and no preferred aspect. The pH varies between
5.4 and.7.8 (R6.8). Little management was recorded.

\

-Danstant-species which distinguish this nodumare H. sphondylium,
A. sylvestrisand C. angustifotium,and frequently occurring bryophytes
include.B. rutabulumand L. bidentata. The mean number of vascular
species is 10 (5-30) and bryophytes 1 (0-3).

21. Chamerionangustifbliumnodum

1630 ha, all Regions

This nodumoccurs on rather better drained, although still ballast
tipped, slopes. There is some bias towards a southerly aspect. Soil
pH ivarieswidely between 4.4 and 9.0 (R6.3), and it is likely that
warmth and drainage are more important to the distribution of this
vegetation.

The C. angustifbliumnodum is species-poor (X9,11-18) with much,
often dominant, bramble and some Dryopterisfilix-rws.Between 0 and
7 (53) bryophytes were recorded in each stand, with B. rL:r:abulum,
L. .bidentata,E. praelongum,Plagiotheciumdenticulatum,kzblystegium
serpensand Plagiomniumundutatumoccurring fairly consistently.

This and the following nodum,both with much bramble, almost certainly
belong close to the Rhamno-Prunetea(Westhoff & den Held 1969) in
European classification.

22. Brtica-Rubusnodum

2050 ha, all Regions

This very coarse, species-poor (R8, 3-18) vegetation is widespread on
BR land on all formations. Some preference is shown for moderately
inclined embankments', and tipping was fairly consistently reco::1Fd.
Soil pH is variable, with a wide range of 4.9-8.6 (R6.8), and ie.-
probably not very influential.
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TABLE 3.8 Secondary woodland

471 samples, 277 species

151 91
No. samples

23

IV

Ili

Il

(1-5)


(1-5)


(1-3)

2-1

III

V

IV

11

IV

Il!

(1-5)

(1-5)

(1-5)

(1-5)

(I-5)
(1-5)

25

11
III

V
111

YI

III

2627

(1-5)II (1-5)
(1-5)Iii (1-5)

(1-5)(1-5) V (1-5)
(15) -5)II(14)
(I - t, I! ()-5) IV(1-5)
9-5)11(1-1) II(1-1)

IV (-1-5)





III (1-2)





IV (1-5) III (1-5)




1:1 (1-5) fl! (-1)




III (1-5) II (I- I)




III (1-2) 11 (1-2)




11 (1-1) II (1-5)





II (11)





IV (1-14 II (1-2)




II (1-5) 11 (1-5)

CA:

G-11 CEXU'ff,:!
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C?C".:“C

r
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1-'171TS, Cif.:C.
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There are no constant differentiating vascular species, and, although
from between 0-7 (x2) bryophytes were recorded in each stand, the-list
of those occurring frequently is identical with the previous nodum.

3.3.5 Secondary woodland

The majority of woodland samples are included in this Section, although
the Quercetumsessilifloraeand some nodawith Betula and Salixspp.
showed greater similarity (Czekanowski coefficient) with the heaths
(Section 1), whilst bramble and Rhododendronponticumthickets are
described with Sections 3 (tall herb and bramble) and 5 (miscellaneous)
respectively.

Information for the synoptic table (3:8) defining this group, is from
analysis of 474 stands and 277 species. Constant members are Fraxinus
excelsior,Crataegusmonogyna,Rubusfruticosusagg., Rosacanina,
-ifederahelixand Arrhenatherumelatius.

The placing of secondary woodland in existing classifications is not
entirely straightforward. Distinction.here has been made between ash/
hawthorn, in which 4 nodh (23-26) are recognised, and oak/hazel woodland
(nodum27). In-European nomPnclature, nodh 23, 24 and 25 show affinity
with the Dryopterido-Fraxinetum(Klotzli 1970), whilst noda 26 and 27
may be placed with some confidence,in the Querceto-Fagetea(Braun—
Blanquet et a/. 1937), although identification to.a finer.level is not
possible.

The largely immature soils, disturbance and occurrence of numerous
casual species lead to a comparatively heterogeneous secondary woodland,
which is particularly rich in ash, bramble, and, more locally, birch and
sallow. Hawthorn and blackthorn scrub are widespread. Ash saplings
were frequently found on spent ballast tips, whilst birch and sallow
colonise cindery areas and flats where drainage becomes impeded. More
mature stands and oak or beech woodland tend to occur preferentially on
cutting slopes.

A working nomenclature is adopted below, which may later be revised to
coincide with, or complement, the NVC. The distribution of the 5 noda
in relation to track classes is given in Table 3.3

a. 23. Ulmusglabranodum

220 ha, London Midland and Scottish Region

This is nixed deciduous woodland with a north-westerly distribution.
A single outlier occurs in Southern Region. The woodland is found on
embankments, and occasionally cutting slopes, with a moderate incline
and preferential north aspect. Ballast tipping was_frequently recorded
over soil with a mean pH of 6.5 (4.7-8.2).

Ash and sycamore occur at their most constant in this nodum,which is
characterised by wych elm and Violariviniana.The ground flora also
includes Dryopterisfilix-mas,Unica dioicaAnd ;4ercurialisperennis.
Amongst bryophytes, Eurhynchiumpraolongum.and Hypnum cupressiforme
occurred frequently. The mean number of vascular plants in.each stand
was 9 (2-16) and.of-bryophytes was.2 ((l-W
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TABLE 3.9 Miscellaneous associations

68 samples, 175 species

hicItnic ccarulea

29

V (2-5)

29 30 31 32




.Pctentala aracta IV(1-2)






....!yrLca gale III(2-5)






Suiricua caespitosus
tIcrthecium ossifragum

II(1-3)
II(1-4)






Ericph,run ctguatifoLium II(1-5)






Vtotc pclustria II(1-2)






Succiaa pratarsis II(1-2






Ericc tetraiir 11(1-5)
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Agrett-L; canine: II(2-5)
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V (S )

XI(I-7) III((-•5)





Phragmitas
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III(1-5)





Equisaturn arvense
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II (1-4)




FOCIannua





II (2-3)




AItrc rn,:r5ir75





V (I)
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111 (3)
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0)
Juncto





III ‘4)
Spertina 2: to!ansandii





III ((,)
Ft:ccinctlia critina





III (2)
TrigLorh:In mariffr.a





11) t3)
Folygonw: auiculara





117 (I)

No. Samples 24 4 25 10
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The nadtat is probably best considered a variant of ash woodland with
wych elm, as defined by Ratcliffe (1977).

24, Arummaeulatumnodum


1350 ha, all Regions, but local in Eastern and Scottish

This is more strictly ash wood (sensu Ratcliffe 1977), occurring on
calcareous (pH 6.3-8.1, R6.9) slopes with some bias toward a western
distribution (Table 3.3). It is not found in the large eastern lowland
classes, and has a fairly restricted distribution in Scottish Region.
The vegetation grows most frequently on moderately inclined north facing
embankments. Tipping was often recorded, although.little evidence of
recent management was found.

Constant, and particularly abundant, amongst the species recorded were
Crataegusmcnogyna,Hederahelixand Callumaparine. Arum maculatumis
a differential species. Of the bryophytes, B. rutabulumand
E. praelongumwere prominent, whilst Fissidenstaxifoliuswas often
found. From between 7 and 13 (R9) vascular plants and 0-2 (i1)
bryophytes occurred in each sample.

25. Prunusspinosanodum

820 ha, all Regions

Distribution is similar to the Arummaculatumnodum. Floristically,
' this vegetation is distinguished by comparative species paucity (3-13.

28) and by more consistent bramble. Ash and sycamore were less
frequently recorded. The noduiroccurred on flat, and gently to moderately
sloping, formations with no preferred aspect. Scrub cutting, spraying or
disturbance was recorded from most stands, and it is likely that this is
a deflected (managed or disturbed) facies of the previous nodum.- pH
(6.3-7.5, i6.9), tipping, and numbers (0-4, Z1)-and kinds of bryophytes
are comparable.

d.. 26. Clematis-Viburnumnodum

190 ha, Southern, Western and London Midland Regions

This nodumis virtually restricted to chalk flats and cuttings in
Southern Region, although one or two outliers in the Chilterns (LMR)
and Western Region occur. It grades into the beech woods included in
nodum27.

It occurs on calcareous soils of pH 7.2-8.1 (R7.7), and usually shows
some signs of management or disturbance. Recent tipping on flats
adjacent to the cess was recorded, although the nodwnis more
characteristic of the flat fenced safety area along the top of steep
cuttings.

Of the character species, Rosa canina agg. is particularly abundant,
whilst Charrerionangustifblium,Prunusavium,Veronicachamedrys
and Clechomahederacea,in addition to Clematisvitalbaand Viburnum
lantana, are differential. A mean of 10 (1-17) vascular species was
recorded. The vegetation was sampled during 1977, before bryophyte
recording was introduced to the survey.
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e. 27. Querceto-Fagetea

1570 ha, all Regions-

This large woodland group occurs predominantly on base-poor soils in
southern Britain; 75% of stands occur in 4 track classes, South
Eastern (1), South Western (4), Central Southern (5) and South Midlands
(6). It is virtually absent from Eastern Region, and occurs only
locally in Scottish Region.

The woodland is found on all formations, although the sample shows some
slight preference for embankments. Recorded slope and aspect were
variable, although in the latter a small.south-western.bias was.observed.
The-stands are comparatively undisturbed),,wfth light tipping and some,-
scrub clearance and felling. The mean soil pH is 5.3 (4.0-7.1).

Constant-differential species include Quercusrobus,Corylusavellana
and Setulapenduld,and-from.between-4-28 (R10) vascular:plants were
recorded in each stand. Bryophytes were not adequately sampled, but
amongst those found were Atrichumundulatum,Eurynchi'umpraelongum,
Aulacomniumundulatum,Plagionmiumhornum,aicranellaheteromalla,
and, slightly more interestingly, Plagiotheciumsucculentum.

3.3,6 'Miscellaneous associations


550 ha, throughout

A group of miscellaneous associations with a similarity coefficient of:
less than 0.15 (average linkage, Czekanowski coefficient, Figure 3.3)
is described here (Table 3.9; 68 samples, 175 species).

28. Ombrogenous mire

210 ha, Scottish Region

This nodumoccurs on poorly drained flats along railways in upland and
highland areas of Scottish Region. It is related to the Molinia-ttrica
nodum (3.3.1.a).

Constant species include Moliniacaerulea,Potentillaereetaand blrica
gale. It-is distinguished from the Molinia-MVricanodkmby NartheciUm
ossifragum,Eriophorumangustifblium,Violapalustr-2.5.and Scirpus
caespitosus.Bryophytes included Sphagnumpapillcswn,S. russowii,.
S. palustre,S- subnitens,S: rubellum,.Campylopus.pyrlYormis: and
Galypogeia.fissa. The mean number of vascular species in each sample:-
is.10 (3-20), and of bryophytes is 4 (0-7).

Recorded soil pH varied between 3.8 and 9.1 (X5.2), and no signs of
management or tipping were observed.

29. Rhododendronponticumstands

Southern and Scottish Regions

Four stands.supporting a thicket of Rhododendron00fl;i.C.47with.
bramble-x:ere recorded: Mean:soil.pH:was,5.4, and.no,tipping-orl-
management was recorded.
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30. Reed beds

250 ha, all Regions

Reed (Phragmitesaustralis)beds were found in ditches and along
embankment footings in all Regions on BR, although outside Southern
'and Eastern Regions distribution was very Ideal.

Constant species include P. australis,brambile,nettle and false oat
'grass. A mean number of 6 (2-10) vascular plants was recorded from
each stand. Bryophytes were not adequately sampled.

The reed beds occurred in ditches on wet soils of pH 5.3-7.7 (R6.9).
Very little management or disturbance was noted.

31. Senecioviscosusnodum

90 ha, Southern, Eastern and London Midland Region ,

This is an ephemeral association on cinder and recently tipped, spent
ballast. It is widespread on the railway cess and is entirely under-
sampled because of the BR safety constraint'to examine systematically
only rural verges_

Constant species -are mainly annuals and include Senecioviscosus,
Cerastiumfontanum,Saginaprocumbensand Poa annua. Teucrium
'scorodoniaand Seneciojacobaeaalso differentiate this nodum.
Bryophytes are lilmost strictly acrocarpous, and include Bryumargenteum,

, B. caespiticium,B. bicoloragg., Funariahygronetricaand
Ceratodonpurpureus.Marchantiapolymorphdoccurs in damper stands.
The average-number of vascular and bryophyte species in each stand
respectively are 10 (1-17) and 2 (0-4). Recorded mean pH was 6.7
(5.6-7.7).

32. Matricariamaritimenodum

London Midland Region

Two stands of littoral vegetation including Matricariamaritira,Juncus
gerardiiand Puccinellamaritimawere recorded. The pH was high at 9.5,
and no disturbance or tipping was noted.
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4 OONSERVATION OF RAILWAY VEGETATION

4.1 Introduction

The intention of this work has been to provide an inventory of railway
species and vegetation on which a general strategy for conservation and
management of railway verges could be based. Some preliminary value
judgements were made by us, and, in addition to the documentation of species
and vegetation, 185 sites of particular biological interest (BI) have been
identified.

There are 5 appendices to this report, listing the SI sites by BR Region;.
and describing:briefly the importance and interest of railway.vegetation.
Suggestions for general and local management are made. The appendices, which
supplement the detailed site listings prepared for the NCC (Sargent and
.Mountford 1979; 1980; .1981), are for distribution within BR, and are
intended to.provide,a basis for discussion between BR and NCC'.

In this Section, the.implications for conservation of the relationship
between sites of interest and the railway network as a whole, are
considered. Information collected in Southern and Western Regions during
1977 and 1981 is then described.,and a Markov model, predicting..vegetation
population changes,.is given.. The:Section concludes'with a.discussion-about..
changing vegetation structure in'relation to conservation and management.

4.2Biological Interest sites

In order to increase the chance of visiting as many 'better' sites as possible,
the random survey,was supplemented with visits to areas of known or likely
interest.Sites of particular biological interest (BI) were selected from

within random and subjective surveys in the following proportions:

SUBJECTIVERANDOMTOTAL

Eastern Region 31 -35 66-

Southern Region 1 10. 11

Western Region 15 12 27

.London Midland. 32 12, 44,

Scottish Region 19 18 37

Total RI sites 98 87 185

Total sites visited 241 480 721

% sites designated 41 18 26
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Although the numbers of DI sites from within the parallel surveys are
comparable, a considerably greater proportion of sites occurred in the
subjective than the random survey, Identification of BI sites followed
discussion and agreement between all members of the team, and depended on
.the following criteria:

Inclusion of rare or local species, or associations.

.Inclusion of species, associations, or habitat types not locally
common.

inclusion of many taxa - diversity.

Area - constrained by ± parallel boundaries land a restricted length
of track in randomly visited sites; this criterion was not
used except in so far as a minimum verge width, allowing for
edge effects, is found in all BI sites.

Detailed files for all these sites are lodged with the NCC, and distribution
maps are given in the appendices. Most of the BI sites are also shown in
red on the maps in Section 3, although a group have been erroneously
omitted from the southern part of London Midland Region, and one or two
sites not included elsewhere.

The.distribution of DI sites within track classes (Section 3) was examined.
A direct comparison between numbers of BI sites and track classes is
artificial, as all track classes are of different sizes. Correlation was
therefore sought between numbers of BI sites and track class length
(r=0.667), or verge area (r=0.752). The stronger correlation with area
indicates that verge width is of some importance, although the contribution
(mean verge width : numbers BI sites : r=0.351) is small. Although
numbers of vegetation types (preliminary classification) are correlated
with track class area (r=0.524; Sargent 1983), there is little
correlation between numbers of vegetation types and SI sites (r=0.171), and
a diversity index, obtained by dividing area by vegetation types, gives a
weaker correlation (r=0.665) than area alone. When the largest track
class, SM, is omitted from the calculation, the correlation between area
and BI sites diminishes (r=0.541).

The regression of BI sites against track class area is shown in Figure 4.1.
The.elasses which include proportionally more SI sites have a predominantly
western distribution and are upland or coastal. 'The lowland southern and
eastern classes support rather fewer BI sites, despite the introduction.of
some bias, during the subjective survey, toward sites close to Monks Wood
(Cambridgeshire) where the team is based. The inclusion of Fens (F) amongst
the '.better'classes probably reflects this bias, but may also be due to the
comparatively rich diversity of the railway in relation to surrounding arable
land.

Pennines (P) .and Pennine Coal Measures (PCM) are amongst the 'least interesting'
classes, although some outstanding lines, including the Blackburn-liellifield,
and part of the Skipton-Carlisle, and some excellent sites, eg R203 Wye Dale,
occur in the 'Pennines'. Pennines is the second'Iargest track class. Its
position in the regression may be due in part to.undersampling during the
subjective survey. Nevertheless, in common with.'Pennine Coal Measures'',
much of the track in 'Pennines' crosses•industrialised and, sometimes,
derelict land, where the verges are disturbed and support tall herb, bramble
and scrub (associations which are not deemed to be of particular biological
interest). 1
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FIGURE 4.1 illSites within track classes
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The numbers of designated PI sites plotted against the area of the trach'
' classes in which they occur. r=0.750. If the large track class, SM, is

omitted frorthe calculation, the correlation diminishes and r=0.541. •
Track class 6, South Coastal, has no DI sites and is omitted from the diagram.

KEY SE = SOUTH EASTERN; W = WEALD; SCU = SOUTHERN CHALK UPLANDS;
C =•CHILTERNS; SW = SOUTH WESTERN; CS = CENTRAL SOUTHERN;

.SM = SOUTH MIDLANDS; MEA = MIDLANDS AND EAST ANGLIA; EL = EASTERN LOWLANDS;
F = FENS; PCP = PENNINE COAL MEASURES; NS =.NORTHERN SANDSTONES;
WC = WEST COASTAL; LP = LANCASHIRE PLAIN; P = PENNINES,..WM:=7WESTERN;
COAL MEASURES; MH = MIDLAND HILLS; NCC = NORTH COAST CARBONIFEROUS;;
SL = SCOTTISH LOWLANDS; NWC = NORTH WEST COASTAL; HC = HIGHLAND COASTAL;

= WEST HIGHLANDS; CH = CENTRAL HIGHLANDS; WU = WELSH UPLANDS;
IC = IGNEOUS COASTAL.
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When the distribution of 81 sites against railway formations is examined,
43% of sites are found to occur on cuttings, whilst a further 31% are on
mixed formations dominated by cuttings. The distribution is as follows:

Formation BI sites % total

Cuttings 79 42.7

Embankments 10 5.4

Flats and ditches 11 5.9

( Mainly cuttings 58 31 4

Mixed ( Mainly embankments 11 5.9

(.Muinly flats 16 8.7

TOTALS 185100.0

Mineral soil and less ballast and waste tipping (Section 2.2.2), together
with greater verge width -(sloping formations are usually wider than flats)
contribute to theLstrong bias towards cuttings as sites of interest.

The preponderance of upland and hilly track classes, having proportionately
more BI sites (Figure 4.1), is associated with the comparatively larger
numbers of cuttings-these classes support.

It is apparent that-considerably more of BR land is of interest than was
within the resource of the survey to record. This fact is shown both by the
correlation between numbers of BI sites and track class arca, the implication
being that, yhen more area is examined, further BI sites are found, and,
also by the Bl.designation given to 18% of randomly visited sites, implying
that almost one.fifin of BR land is of local or, occasionally, national
interest.

Any conservation strategy should not, therefore, rely solely on the
individual site listings prepared by us, but should include a generalised
management policy in which particular attention is paid to cuttings. A
possible approach is outlined in each of the appendices.

4.3 Changes in railway vegetation

Underlying.this work has been the concern "that much conservation interest
in terms of herb rich grassland may be affected by the development of
coarser vegetation and scrub in the absence of regular management" (Way &
Sheail 1977). The idea of the loss of fine-leaved grassland was echoed by
Gulliver (1980), who suggestedthat "without mowing the short, railside
grasses-quickly changed to tall grassland. Very soon, one or two aggressive
grasses, such as false oat grass and cocksfoot came to dominate these
swards".

To.examine changes occurring under the present ad.hocmanagement regimeT,,30
randomly distributed sites-in Southern and Western Regions, first recordedi
during 1977, were visited again in 1981; 283 quadrats were relocated by
careful measurement and scored as previously.
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FIGURE 4.2 Population changes
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Transition matrix showing the movement of quadrats between the 4 major
vegetation groups in Southern and Western Regions during 1977-1981. In
row 2B, for example, 52 quadrats remained constant, 9 were lost to 2A,
and 11 and 4 lost to 3 and 4 respectively. Increments to the population
are given in column 2B. Row totals, therefore, give the population size
in 1977, whilst column totals show the population in 1981.
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All data (2 x 283 quadrats) were ascribed to the preliminary TWINSPAN
classification using the Czekanowski similarity coefficient (Section 3), and
the fate of each quadrat between 1977 and 1931 recorded. Data falling in
each TWINSPAN class were then referred to the appropriate larger classifi-
cation unit or group. Change between such larger groups is less likely to
reflect classification error, and implies real changes in vegetation
structure. 265 quadrats occurred and remained aniongstgroups 2A, fine-leaved
grassland; 2B, false oat grassland; 3, tall herb; and 4, scrub and secondary
woodland. The remaining 18 quadrats were classified elsewhere, or moved in
to, or out of, these groups, and were not included in the analysis. The
relationship between groups is shown in Figure 3.3. The virtual absence of
group 1 is due to geographic distribution.

In Figure 4.2, a matrix showing quadrat movement from 1977-1981 between the
4 groups is given. In row 1, for example, 24 quadrats remained as fine-
leaved grassland, whilst 4 became false oat, 2 went to tall herb, and one
is now classified astscrub.or secondary-woodland. Recruitment to•fine7..
leaved grassland is given in column 1. The row totals, therefore, give the
population in 1977, whilst the column totals describe the situation in 1981.
Thus; it may be seen that there was a net recruitment of 8 quadrats into the
fine=leaved grassland population during the time in question.

The information in the matrix was used to build a Markov model (Horn 1975;
Usher 1979), which assumes that at some future time the populations will
stabilise, and predicts the distribution of quadrats (ic the size) within
those populations when they do so. The results are shown graphically in
Figure 4.3, and.it may be seen that between the years 2009 and 2013 no
further change OccurS.

The results are contrary to the expectations of Way and Sheail (1977) and
of Gulliver (1980).

Various criticisms of the model and preliminary collection of information
can be made, although use of a coarse level of classification (groups1-5
Figure 3.3) eliminates error in allocating quadrats. •

The criticisms include:

(1) There were only 2 data collections and the time span between the
2 dates was short. A temporary reversal in long term trends may
have been picked up.

. (2) The Markov model tends, inherently.,to emphasise short-term trends
during projection. A minor fluctuation may become exaggerated.

The information is from Southern and Western Regions only, and so
almost certainly shows a geographic bias.

Although careful measurements were made' (the position of all
quadrats is recorded in relation to, and lies within, 100 m of a
BR mile post), some small error will have occurred during relocation.

The model assumes that the transition probabilities are stationary
in both space and time.
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FIGURE 4.3Vegetation dynamics

SCRUB-& WOODLAND 21.2%-

24•5%
t-INE LEAvED GRASSES
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23•4% TALL HERBS 19-5%

1977 81 '85 '89 '93 '97 2001 '05 '09 '13

Time(Years)
•

Predicted population changes between the 4 major vegetation groups
occurring in Southern and Western Regions. The IJ.arkovmodel (see
text) is based on information collected in 1977 and 1981 from 265
quadrats; ahd projects trends occurring between these 2 dates.
The model stabilises between the years 2009 and 2013, at which time
the net loss •or,increment has been calculated.
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lic,-wel.-or,--themud,: .dependson what actually took place at the randomly
selected sites, and, ii tl,eargument is restricted to Southern and Western
Regions, and allowance made.to. ,..rimrl-attrinand exaggeration during
projection, the results lead to some interc:sting,:it.e...ftlroversial
hypotheses.

Prior to 1960, verge management took the form of annual burning, grass
cutting and scrub clearance. Cutting was done during early summer to prevent
spread and germination of seeds on the cess. Cutting is no longer carried
out, scrub and woodland clearance is on an ad hoc basis, and burning is only
occasional or accidental (Section 2). BR staff have become concerned about
the spread of woody-species and have lately introduced more scrub clearance
(C Beagley, personal communication).

It is probable that the model has picked up this increased activity; 19
quadrats were lost from group 4 (scrub and secondary woodland) between 1977
and 1931, whilst only 9 were recruited to the population. The loss is
towards all other vegetation.groups, and the direction is'almost certainly
dependent on the original character of the scrub or woodland, together with
grazing pressures and other disturbances in the intervening period. Some
cleared woodland, retaining a characteristic ground flora, and woody
seedlings will have continued to be classified within group 4.

In group 3 (tall herbs) 32% (20 quadrats) have moved to 2B (false-oat
grasiland), whilst 14% (11 quadrats) of the initial population of 28 have
moved in the reciprocal direction. Tall herbs and false oat grass include
primary colonisers of recently burnt and ballasted areas. At the top of
slopes, where tipped ballast is usually deepest, false oat, and sometimes
bramble, colonise. Lower down, where ballast forms a thinner layer and
serves to mulch the underlying soil, nettle, meadowsweet and cleevers
compete (Section 2). Rosebay willow herb establishes successfully on
spent material mith.a high proportion of cinder and small-particled material.
It is less frequently associated with burnt sites (see below).

Although some noda within the tall herb and false oat groups will be
comparatively stable (Section 3), those developing in response to the
outlined disturbances and giving rise to the observed fluctuations between
groups are clearly less so. In a recovering, or less disturbed, environment,
the natural succession seems to be towards coarse (false oat) grassland,
although scrub may.also develop. Ash seedlings and saplings were frequently
noted on spent ballast tips, whilst bramble may encroach and provide a nurse
crop for.some woody species.

The net movement from coarse to fine-leaved grassland is, perhaps, the
least expected result from this study. Whilst 4 fine-leaved grassland
quadrats-went to false oat, 9 moved in the opposite direction. False oat
grass withstands annual scything (Pfitzenmeyer 1962) and cessation of this

111
activity is unlikely to have led directly to an increase in this category
(although it will clearly facilitate the development of woody plants).
More frequent mowing (Gulliver 1980) was an unusual management strategy,
but the concomitant removal of litter may have been more important. On
some.railway verges, false oat has formed a tussock grassland, with very few
other plants surviving in the intervening, litter-thatched troughs. This
phenomenon may be more closely associated with inhibition of microbial
activity by SO2 as it was more often observed in'industrialised.areas. (eg
Derbyshire coalfields).
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The recovery of rabbit populations from myxomatosis began in the early
1960s, at about the same time that verge cutting stopped. More recently,
BR has begun to erect rabbit-proof fencing, in response to complaints from
neighbouring farmers and land owners. Although false oat appears to survive
vole (i4ierotusagrestiv)grazing (there is abundant evidence of voles in
most false oat railway swards), increased rabbit pressure is probably
favouring the spread of red fescue. Ferns (1976) on the other hand has
shown that red fescue may be an important component of vole diet. Land
snails (Cepaeanemoralis)have a more catholic diet and enjoy both grasses
(Williamson & Cameron 1976).

Rabbit scrapes and the.numerous ant hills (usually Lasiusflavus)lend
diversityand:providealternativethabitats, for some:fine-reavedlephemerals
(eg Aira c2ryophy/24a,Vulpiabromoides)and cess annuals under'pressure
from heavy chemical spraying (Section 2).

However.,.a.more.important factor in the increase of fine-leaved grasslands
may be the reduction of burning_ Of 157 quadrats recorded during the
random survey as.'recently burnt' (ie within the past 18 months), 111
occurred in false oat grasslands (2B), 30 in group 3 (tall herb), 9 in
group 1 (heath and base poor), and 7 in group 2A (fine-leaved grasslands)
(Table 4.1). These figures depart significantly from the null hypothesis
that the distribution of recently burnt quadrats between groups.would-be
proportional.to their distribution in the entire data set (p<0.1). The
number of false oat-quadrats is considerably more than expected, whilst
the number of fine-leaved quadrats is fewer. Tall herb (group 3), is
somewhat less than expected, whilst group 1 is strictly proportional. Groups
5 and 6 have no representatives amongst the recently burnt quadrats.

TABLE 4.1 The distribution of vegetation types in recently
(within 18 months) burnt quadrats

No. Quadrats No. Quadrats
Group observed expected

1 9 9
2A 7 17
28 111 71
3 30 35
4 0 14
5 0 2
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Tho distribution of vegetation types in recentlx burnt quadrats is
not comparable with the overall distribution (x4 = 54.2, pc0.1).

The foregoing suggests that burning favours the spread of false oat grassland.
It is well established that Braehypodiumpinnatum grasslands are encouraged
by burning, but no reference could be found in the literature to the
development of Arrhenatheretumunder such conditions. However, the bulbous
form of-false oat or.'onion-couch! (Arrhenatherumelatiumvar..Sidbosum
(Willd.) Spenn) is widespread on railway verges, and:it is.likely that:this'
is a response to the frequent burnings of the past, the bulb lending some
resistance to burning.
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Whether the lack of burning is advantageous to red fescue requires
experimental testing. However, fescues do compete successfully with false
oat in some localities, Peterkin and Rorison (1982), working with sheeps
fescue (Festuea ovine), have suggested recently that one explanation could
be thieability of F. ovina to continue some metabolic processes at lower
temperatures than A. elatius.

The mechanism underlying vegetation change on railway land are not fully
understood. The vegetation is extremely diverse land the number of variables
involved is very large. However, assuming some serub control is practised,
there seems, under present conditions of grazing by small mammals, and
comparatively little burning, to be a gradual succession towards fine-leaved
grassland. There is also some increase in coarse grasslands, but this is
largely at the expense of scrub and tall herbs.

The implications of this work for the conservation of railway verges is
large, and ITE (funded by Science vote) have.therefore set up a.number of
monitoring sites distributed throughout BR land, which will enable detailed
long term studies to be made. A programme of experimental work designed to

I

examine interactions between key railway species under disturbance (ballasting,
burning,-grazing) and recovery is also being started.
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