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Abstract

Patterns of vegetation across Great Britain (GB) between 1990 and 1998 were quantified based on an analysis of plant species data from a
total of 9596 fixed plots. Plots were cstablisherd on a statified random basis within 501 1km sample squares located as part of rhe
Countryside Survey of GB. Results are primarily conveyed in terms of a classification of national land-cover into 22 mmutnally exclusive
Broad Habitat fypes. Each of the fixed vegetation plots could be assigned to the Broad Habitat in which they were located in either year. Two
types of analysis arc reported, both based on changes in plant species composition within menitoring plots. The first examined tursover and
net change between Broad Habitat types. The sccond quantified more subtle changes that had occurred within each Broad Habitat using &
series of condition measures that summarized mwltivariate plant species data as a single scalar valug for sach plot at each time. There are
major difficulties in using uncontrolled, large-scale surveillance data to uaravel cavsal linkages and no attempt was made to quantitatively
partiticn variation among competing causes. However, it was clear that results were broadly consistent with environmental drivers known to
have operated prior to and during the survey interval. Large-scale vegetation changes could be summarized in terms of shifts along gradients
of substrate ferlity and disturbance. Changes implicd increased nutrient availability across upland and lowland ecosystems while, in
lowland landscapes, linear features and small bictope fragments saw a marked shift to species compositions associated with greater shade and
less disturbance.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction are not reflected in market price fluctuations (van der
Straaten, 1995; Sirapson, 1998). Ecosystems, species and
Recent developments jn European and international the services they provide are however vilued by people
policy have recognized the importance of long-term (Weckemape! and Rees, 1996). Therefore ecological
environmertal surveillance in tracking the response of surveillance is reguired if environmental and land-vse
biediversity to ongoing drivers of negative change as well as policies are 10 be based on sound assessments of the
the progress of abatement measures (Coates, 1992; ecological consequences of human actions. L
Wascher, 2000). Biodivessity surveillance coniributes ta Without national sorveillance of land-cover and biodi-
the measurement of change in so-called free goods and versity it is impossible to know what has changed and

where, and to ask whether observed change matters.
Because the answers to this last question are inevitably
negotizble and value-laden (Lawton, 1997; Zeide, 1997),
mp‘m ding muthor. Tel: +44-15395-320-64; Fax: +4-1539- em-]mn_menm_l su_rveiﬂance. programs should at least strive
532264, to provide ohjective and statistically based estimates of the

E-mail address: ssma®ceh.acuk (S.M. Smart), quantities to be evaluawd. In addition, long-term

services. Since these are typicaliy externalized and uncested
in traditional economic systems, changes in their abundance
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environmental surveillance data can alse be used to
characterise reference points in time and can therefore
help to counterbalance the increasing imprecision with
which previous ecological and landscape baselines are
defined as humans age and social memory fades (Dayton
et al., 1998). Surveillance data provide reliable descriptions
of previons states of nature against which change at larger or
smaller scale cant be compared (Magnuson, 1990; Smaxt,
2000; ten Brink et al,, 1990).

In recognition of the need for data on large-scale change
in biodiversity and land-cover, many nation states have
designed and implemented national ecological recording
programs {Shear, 1995; Bischoft and Drisschmeistez, 2000},
The target ecosysiems or biological features differ widely
among existing schemes {see the numerous examples in
(McKenzie ei al., 1992; Celedinio 1995). Spatial scale and
survey design also differ greatly: for example, so-called
sentinel site systems (Sykes and Lane, 1996; Jassby, 1998)
allow a high frequency of monitoring of detailed biotic and
abiolic data, but on relatively few sites. Other large-scale
recording programs survey less intensively bt on more sites
so that changes in biota and land-cover maybe estimated for
the whole statisticat population with varying levels of
precision. Recording can be carried out as a census of the
area of interest (Spencer and Kirby, 1992) or by sampling
(Rich and Woodrufl, 1996; Solly et al., 1599).

Long-term and large-scale surveillance data can also be
used to explore possible links between distal environmental
drivers and observed changes in state variables (Firbank
et al., 2000; Petit et al., 2001). However, partitioning spatial
and temporal variation between the independent effects of
known drivers using large-scale surveillance data faces a
number of problems. These include a lack of interspersion,
reptication and crossing of effects, which by definition are
not kaown and designed into the sampling domain prior to
the first survey or after a control survey (Stow et al., 1998).
Despite considerable technical challenges, ways of estimat-
ing the importance of competing cavses of large-scale
ecosystem change are urgently required.

In Britain, quantitative estimates of stock and change in
land-cover and biodiversity have been generated by the
sample-based countryside surveys (CS) of 1978, 1984, 1990
and 1998, These data play a developing role in addressing
the importance and causes of large-scate change in land-
cover and plant species diversity and composition (Barr
et al., 1993; Bunce et al., 1999a; Firbank et al., 2000;
Haines-Young et al., 2000), In this paper the results are
presented of a national scale analysis of change in plant
species composition between 1990 and 1598 sampled by C8
vegetation plots located within a stratified, random series of
1km squares across Britain. The spatial co-location of
vegetation sample plots within areas mapped for land-cover
allow meastrements of change in areas and lenpths of
mapped land-cover features (Howard et al., 2003; Petit et al.,
2003) to be augmented by detailed analyses of change in the
plant species composition: of those feaures.

The choice of metheds used for analysis of vegetation
change reflects the objective of guantifying pattemns and
inferring processes, rather than a need to model variation in
species composition in terms of spatial environmental
gradients or independent data on potential drivers of
vegetation change, Since comprehensive and well-under-
stood classifications of the land-cover and vepgetation
recorded in the CS already exist, their units are used to
define subsets of vegetation plots for analysis (Bunce et al.,
1999a; Howard et al, 2003). The two major foristic
gradients in the existing vegetation classification have
shown strongest correlations with vegetation indices of
substrate fertility (primary gradient) and 4ght availability at
ground level (secondary gradient). Changes in plant species
data are therefore surnmarised as scalar indicator variables
that convey shifts along these two principal environmental
gradients. Vegetation change is also conveyed in terms of
species richness in plots, The advantage of this measure is
its simplicity but it is also simplistic and interpretation
reeds to take careful account of the likely position of
floristic starting points along the hump-backed diversity
versus productivity curve,

2, Methods
2.1. Vegetation recording

The CS sample design consists of a seties of stratified,
randomly selected 1 km squares. Stratification of sample
squares was based on predefined strata referred to as [TE
land classes. These have been derived from a classification
of all 1 km squares in Britain based on their topographic,
climatic and geological attributes obtained from published
maps (Bunce ot al., 1996), For the 1990-1998 analysis, a
modification of these land classes was undertaken to allow
estimates of stock and change to be calculated by individual
countries (England, Wales and Scotland) as well as by
aggregations of land classes into Environmental Zones
{Eirhank et al., 2003).

Within each 1 km sample square a series of vegatation
plots were located wsing a restricted randomization
procedure designed to reduce clumping in each square,
Plots were also constrained io sample either linear features
(road verges, watercourse banks, hedges and field bound-
aries) or areal features (fields, unenclosed land and small
seminatural biotope patches), Plots differed in size depend-
ing upon their type (Table I). The types and total numbers
of plots has increased over time from 1978 1o 1998 along
with the total number of CS§ 1 km squares sarveyed (257 in
1978 rising to 508 in 1990 and 569 in 1998), The locations
of all plots were mapped and in some cases permanently
marked when first recorded. The same plot locations were
then located in subsequent surveys by means of compass
bearings, sketch maps and plot location photographs.

In each vegetation plot a complete list of all vascular
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Table |

Descriptions of te different types of vegetaton plots recorded in fixed locations within Countryside Survey 1 km sample squares it 1990 and again in 1998,

distinguishing betwear: Pplot space located in areal and in Enoar feanires

Location

Plot type Number per square Stze (m%
X (areal) 5 200
Y (areal) 5 &4
B (linear) 5 10
H (linear) z 16
R (linear) 2 10
V (linear) 3 1o
8 (linear) 2 10
W flinear} 3 10

Restricted random sample of fields and unenclosed land

Random semple from plant cammunities in each 1 kn square not
Tepresented by the other plot types. In highly modified Iandscapes these
plots therefore often sanple remnant fragments of semi-narural biotope
Field boundaries paired with the nearest X plot

Restricted random sample of hedgerows i each 1 kin square, Woody
canopy as well as gronnd layer recorded

Restricted random sample of road verge vegetation (first established in
1978)

Additional, restrieted rmodom sample of road verges (first established in
1990

Restricted randem sample of vegetation on tiver, stream and ditch banks
{first established in 1978)

Additional, restricted randen: sample of river, stream and ditch banks (first
established in 1990)

plants and 2 selected range of the more easily identifiable
bryaphytes and macro-lichens was made. Predetermined
combinations of species were recorded as amalgams
“eflecting known diffienliies in their separation in the field,
Cover eslimates were made to the nearest 5% for ali species
reaching a least an estimated 5% cover. Canopy cover of
overhanging trees and shrubs was also recorded even if
individuals were not rooted within the plot, All plant specics
recorded were used in the analyses presented here with no
downweighting of rare taxa,

2.2, Classification of vegetation plot data
by piant species composition

Analyses of vegetation change were carried out on
subsets of plots grouped by their type ie. areal or linear, as
well as by geographic location, i.¢. country or environmen-
tal zone, In addition, repeat plots could be classified into
sindlar plant community types, thus minimising variation in
species composition and potentially adding sensiivity to the
detection of chauge particular to specific vegetation types.
The plant community classes used in this analysis were
taken from the countryside vegelation system (CVS), a
multivariate classification of CS vegetation plot data. The
classification consists of 100 minor classes and eight larger
units calied Aggrepate Classes, Full descriptions of each
class and the construction of the classification are given in
Bunce et al, (199%.b), Briefly, the classification was
constructed 25 follows. 100 minor units were derived from
a TWINSPAN (Hill, 1979a) classification of all plant
species by plot data recorded for the survey years of 1990
and 1978, A small number of outlying groups were rejected
including vegetation plots located on bare, ploughed soil
and in saltmarsh, an underrepresented babitat in CS data,
These 100 vegstation classes were aggregated into eight
Aggregate Classes using Ward's (1963) method of cluster

analysis by maximising the ratio of between- to within-clasg
variance of plot scores on the first four rescaled DEC-
ORANA axes (Hill, 1979b). These eight Apgregate Classes
provided an ecologically meaningful division of the
vegetation data, while maximising sample sizes available
for analyses of change (Table 2 Fg. 1).

Environmental interpretations of the major gradients
across the classification units were based on correlation
between plot scores for ordination axes and mean Ellenberp
indicatar scores for each plot (see below). Ordination axes 1
and 2 were most swwongly correlated with Ellenbery fertlity
and light scores. Thus changes in plot membership between
classes can be interpreted as shifts along these two axes, in
e implicating changes in nutrient availability and
disturbance in vegetation change (Fig. 1),

2.3. Classification of vegetation plots by Broad Habitat

The Broad Habitat classification for Britain (Jackson,
2000; Howard et al., 2003} provides a framework of 22
generalised iand cover types designed to allow the whole
land surface to be mapped, During the field survey the total
land area within each 1 km square was mapped to Broad
Habitat (Howard et ai., 2003}, However, arcas mapped as
one type of Broad Habitat can contain considerable Aoristic
variation within them. This follows pardy from the scale of
the mapping exercise and partly from the generalised
definitions of the Broad Habjtats (Howard ot al., 2003). It
2pplies particularly to the Boundaries and Linear Fearures
and the Rivers and Streams Broad Habitats since they are
defined primarily by landscape feature rather than by
species composition. While information on dominant plant
species forms a part of some definitions, detailed floristic
data are not used to determine the identity and mapped
extent of Broad Habitat areas om the ground. Hence, CS
vegetation data were recorded independently of the

Table 2

242 S.M. Smart ot al. / Journal af Environmensal Management 67 (2003) 239-254

Suramary descriptions of the eight Aggregate Casses which together form a coarse classiBication of plant species assemblages represented in Countryside
Survey vegetation piots across Britain, For full descriptions se¢ Bunce et k. (1990s)

Aggregate class Code

Deseription

Crop/wesds 1

Tall grassland/herh 2

Fertile grasslands 3

Infertile grasslands 4

Lowland wooded 5

Upland wooded [

Moorland grasstmosaics 7

Heatlvbog B

Communities of cultivatad and disterbad groucd. Includes land under
arable cultivation

Mess typical of road verges and infrequently disturbed patches of
hetbaceous vegetation. Incledes ‘old field” communities of spontaneous,
fallow land. Usually domi by tussock-forming p ial grasses
and tall herbs

Improved and semi-improved grasslands ‘ery commion acress Britajn,
Usually with a lang history of high macre-nutrient inputs and cut more than
©nce 2 year for silage

Unimproved and semi-improved communities in wet or dry and basic to
moderately acidic vegetatior, Lowland, species-rich mesotrophic grassland
is represented here

Tree and shrub dominated vegetation of hedges, woodiand and scrub in
lowland Britain

Includes upland semi-nanial broadleaved woodland and serub plus conifer
plantation. Alse inéludes established stands of Bracken (Pteridion
equilinum)

Extensive, graminaceons upland vegetation, usnally with a long history of
sheep grazing

Ericaceous vegetation of wet or dry ground most extensiye in vpland areas
of Britain. ncludes raised and blanket bog vegetation

definition and mapping of the Linear or areal Broad Habitat
patches in which plots were located, However, becanse sach
plot location has a mapped Broad Habitat context, subsets of
plots can be grouped by Broad Habitat as well as by plot
type, Aggregate Class within the Broad Habitat and

geographic location (i.e, country or Environmental Zone)
{Table 3).

Seven Broad Habitats were omitted from the analyses
because of small sample sizes reflecting their rasity in the CS
survey squares. The coastal and marine Broad Habjtats were

eptrophication.

illustrative ooly and are not ixtended ta represent the range of variation withi
eradient of substrate fertility and axis 2 a gradient of field {ayer light availsbi
Changes i species conzposition over time within a plot can result in shifts in Ay
The direction and magnitude of such shifts can be interpreted a5 indicatio

HoM [
1
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Fig. 1. Countryside Survey vegetation plet datz for 1978 and 1990 (n = i3 53} were classified by TWINSPAN to form 100 units. Cluster analysis of their
mean DCA scores (axes 1-4) produced eight Aggregate Classes (Buncs et al., 1999a, The dingram shows ellipses which surrourd the approxinate location of
the centroids of sach Aggregate Clnss in two dimensions defined by the mean DCA scores of their constituent miner classes. The dimensions of each ellipse are
in each class. The Aggregate Classes fall along two primary gradients, Axis 1isa
which is therefore elso correlated with disturbance regime and canopy height.
ggeegate Clags membership and hence the Plot may mave along the two ates,
ns of changes in di d!

regime, ion (patural or or
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Table 3

Numbers of Countyside Survey vegetation plots recorded in the same locations in 1990 and again in 1998 in 1 km sample squares. The total number of
available repeat plots are here divided up by: (a) plot type and Aggregate Class; (b} plot type and mapped Broad Habitat unit, Numbers refer to the membership
of plots in each unit in 1550: (a} gives the actual numbet of plots; (o} has an element of double-counting beeause plots located in the ‘Boundaries and Linear
Feahires' Broad Habitat are also classified on the basis of their nearest adjacent areal Broad Habitat $ee Table 1 for deseriptions of plot types. In analyses of
change R and ¥ plots have been combined as RV. § and W plots have been combined as SW. Rows in italics indicate Broad Habitats with teo few plots for

meaningful analysis to be carried out

Aggregate class Plot type
Code ) :] H RV SW X Y
(a) Plot type and Aggregate Cluss
Cropsiweeds i 34 z 42 1 368 25
Tall grassland and herh 2 547 139 594 460 53 282
Tertile grassland 3 202 4 585 120 397 173
Infertile grassland 4 300 41 376 354 37 526
Lowland wooded 3 242 274 28 128 67 176
Upland wooded 6 50 14 47 203 122 164
Moorfand grass and mosdics 7 73 105 390 23 45
Heath/bog 8 15 16 m 379 295
‘Total 1463 474 1733 1828 197 1986
Broad Habitat name Plot type
B H RV By A Y
(b} Plot type and Broad Habitat unit
Broadleaved woodland 97 18 150 243 147 389
Conifer woodiand 32 3 69 68 108 86
Boundsaries and linear featzes 1468 475 1801 3 44
Artahle and horticultural 501 171 435 270 358 117
Improved grassland 567 225 510 410 502 267
Neatral grassland 58 15 02 132 59 250
Calcareous grassland 4 7 1 12 22
Acid grassland 63 11 51 M6 129 167
Bracken 16 15 48 42 59
Erwarf shryb heath 19 2% 103 161 131
Fen, marsh and swamp 31 25 134 55 140
Bog 15 18 199 231 120
Open water 14 10
Rivers and streams 1837 3
Montane 4 2 I
Inland rock 2 3 ! 12
Urban 20 12 70 i? EE] 9
Sugralitioral rock i 3 5 4 22
Suprafivtoral sediment i 3 3
Liftoral sediment 2 I + o 17
Sea H I
Total 2896 532 3278 3637 1942 1963

under-represented because the limit of field survey was set
at the mean high water mark. The urban Broad Habitat was
also under-represented since CS, belng a survey of the
British countryside, deliberately avoided i ki squares with
>75% built land.

2.4. Static and dynamic strata
Subsets of vegetation plots can be classified for analysis

of chanpe by strata that cannot change over time. These
include plot type and geographic location. Im conmtrast,

subsets of plots defined by their Aggregate Class and the
Broad Habitat in which they are located can be grouped
according to how their Broad Habitat and Aggregate Class
changed between the two surveys. This leads to four types
of possible analysis, each of which answers a different
question about vegetation change by focusing on different
agpects of turmover and net change (Fig. 2). In this paper
results from two types of analysis are presented; an
‘Inctusive’ analysis of change in Aggregate Class member-
ship within each Broad Habitat type and a ‘staysame’
analysis of change in indicator scores within each
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“Turnover’ analysis for woodland

'Staysamne’ analysss for heath

Underfined 1990 based’ analysis for woodtand

Fig. 2. CS vegetation plots ean be grouped for analysis of change by their
membership of dynamic sirata in each year. In this example, eight plats
recorded in the same locations in 1990 and 1998 are shown where
vegeration change hag resulted in movement between habitat types. The
“inchasive’ analysis would involve testing change over all the plots. In this
simplistic example, there ars only shifts between woodland and heath so
that inclusive analyses for each vegetation type would yield the same
results. The ‘mumover” analysis requires a test of differences in unpaired
plots while a '1690-based” analysis includes plots defined by thelr habitat
mencbership in 1990 imespective of their plot membership in 1598, A
*staysame' analysis wouold exaniine change only io plots that were members
of the same habitat type in both years.

Broad Habitat. These analyses are deseribed in more detail
below.

2.4.1. Analysis 1! an ‘inclusive’ analysis of change in Broad
Habitat and Aggregate Class membership over time

Statistical tests of net change in membership of each
Apgrepate Class were carried out on inclusive plot groups
for each Broad Habitat. For any plot to be included in this
analysis it had only 1o have been located within the relevant
Broad Habitat in cither 1990 or 1998 (Fig. 2). This type of
analysis provides the broadest possible picture of change
between Broad Habitats and Aggregate Classes within each
Broad Habitat, since all plots could have changed in either
direction over time. This type of analysis is sensitive to net
tecruitment into and out of a particular vegetation unit from
a range of different starting points and can therefore caphure
relatively large changes in land-cover and plant species
composition, for example afforestation of npland bog or
cultivation of established grassland. The response variable
tested was the net change in numbers of plots in each
Agpregate Class between 1990 and 1998 by each Broad
Habitat.

Results are prasented for analyses of change in areal plots
only, thereby focussing on fields, woodland and unenclosed
land away from the linear landscape network.

2.4.2. Aralysis 2: a ‘staysame’ analysis of change In mean
indicator scores in CS plots that remained in the same
Broad Habitat over time

In this analysis, tests of chaage in mean values of
indicator scores wete carried out on ‘staysame’ subsets of
vegetation plots that remained in the same Broad Habitat
belween 1990 and 1998 (Fig. 2). By holding Sroad Habitat
constant, this analysis is sensitive to more subtle vegetation
changes that were not so dramatic as to have resulted in a
change Broad Habitat of the parcel of land in which the plot
was located.

Tests were carried out on subsets of staysame plots
defined by all combinations of country, Environmental
Zone, plot type and Broad Habitat. Counts of the outcomes
of significant tests are reported for each plot type and Broad
Habitat based on tests across plols grouped by the six
Environmental Zenes, twoe country divisions and an overall
test for GB with no gengraphic subdivisions, resulting in a
total of nine levels of tests. The total numbers of vegetation
plots available for analyses of change between 1990 and
1998 are shown in Table 3.

2.5. Derivation of indicator scores

Anatyses of vegetation change were based on three
indicator variables. Firstly, species richness was calculated
for each plot, based onty on native species according to
Stace (1997} and a standard list of taxa that were considered
to have been reliably identified by field surveyors. These
filters were used to achieve comparability with previous
analyses of 19781990 data (Bunce et al., 1999b). The
interpretation of changes in species richness is not
straightforward because the measure fakes no account of
the identity of the species concerned. In addition, if & wide
enough range of plant communities is sampled, the direction
of change in richness is typically not monotonic along either
substrate fertility or shade/disturbance gradients (Waide
et al., 1999). However, species richness remains an
attractive indicator precisely because of its simplicity and
appears to be most useful when the fAeristic starting point is
clearly stated since this gives an expectation of the direction
of change. In these analyses we interpret species richiness
changes with reference to the position of plots representing
each areal Broad Habitat aleng inferred gradients of fertility
and light availability. Linear Broad Habitats were not
treated in this way because they classify land cover on the
basis of landscape feature rather than dominant vegetation
cover. The remaining indicators were the mean Ellenberg
values per plot for fertility and light, used to convey implicit
shifts along the two primary gradients of substrate fertility
and incident light (Eltenberg et al, 1991). Rebust
correlations between Ellenberg values and environmental
measurements have been found in 2 range of vegetation
types across Euvrope (Hill and Carey, 1997; Ertsen et al,
1998) and these indicator values are being increasingly used
in a range of vegetation change studies (McCollin et al.,
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1959; Smart, 2000). Mean Ellenberg scores for 'S plots variance (Searle, 1971). The correct degrees of freedom, Table 4
used the range of values recently re-estimated for the British allowing for the differing variance companents, were Analysis 1: changes in Aggregate Class f ip of vegetation in CS fixed plos sampied in 1990 and sgain in 1998. Columo and row numbers tndicate
flora (Hill et al., 1999, 2000). To achieve comparability with calculated using (he approximation method of Satterthwaite Ageregute Class identity (Fig, 1). Numbers in the bady of the tables indicate plot counts. ‘“dic}a;f‘e location of statistically s;g“‘ﬁ"“’; net ﬂ'_‘m be";“;“
analyses of 1978— 1990 data (Barr ef al., 1993; Bunce et al,, {1346). No adjustments of table-wide # values were carried Qggj:'&ﬁmm °m::if_'s?:::yses were m".m.lfm O:;‘;]l:i‘;'::pi;:m'?mm eash Bicad Hakitat imappiug uolt in either 1990 or 1998 (Fig. 2. On ¥
1999b), none of the indicator scores used were weighted by our, Instead the total number of tests expected by chance
species cover. Being based or plant species composition the was noted, 98 S0 o8 Net Chasge
mean plot scores only provide an indirect indication of 1 2 3 n 3 s 7 3
change in ecological conditions. With this caveat it mind,
we hiypothesise actual change in ecolegical conditions from 3. Resnlis (8} Braad Hebitar I; broadleaved woodlond-¥ plots
detected change in mean scores over time.
3.1 Analysis I: tests of change in Aggregate Class % 7{ Si 5 ; 25 3 9; ; 922, 911 :i
2.6. Analyses of change membership between 1990 and 1998 by Broad Habitat 3 3 3 N 3 1 20 3 20 20 0
4 3 & 55 3 9 Z 83 4 83 74 ~9
2.6.1. Shifis between Aggregate Classes Sulficient Tepeat plots were available in ten of the 22 5 H 1’ i 1z 8 133 5 133 143 15
Changes in plot membership over time wers established Broad Habitats for statistical tests of net change to be 5 8 8 6 43 3 1 62 6 59 68 ~1
by allecating 1998 plots to one of the 100 minor vegetation carried out between at least one pair of Aggregate Classes. 7 ! 4 2 1; ; :9 ; }g if - ;
classes. Membership of one of the eight Agpregate Classes All tests were based on plots located on areal rather than 8 1 al 20 7 L% 63 18 n “i
then followed from the fact that sach of the 100 classes is features. Of the ten Broad Habitats analysed, no significant
also an exclusive member of an Aggregate Class. Plot patterns of net recruitment or loss between Agpregaie (b} Broad Habitat 4; Aroble-X piats®
membership of the 1998 data was determined by applying Classes were found in Conifer, Improved Grassland, Acid T
- . . %0 I 255 28 39 3 325 1 325 309 -16
the weightings penerated previously for every species Grassland, Bracken or Fen, Marsh and Swamp, However, 2 12" 4 4 M 22 2 22 16 14
duting the original TWINSPAN classification of CS data statistically significant net change was detected between at B 38 4 20 3 &5 3 65 68 3
for 1990 and 1978, This aigorithm has heen implsmented as least one pair of Aggregate Classes in Broadleaved Wood- 4 4 5 1 19 4 10 I -1
a software tool available free on the World Wide Web at land, Arabie and Horticultural, Neutral Grassland, Dywarf 5 0 3 a o o
www.ceh.ac.d/products_services/soltware. Shrub Heath and Bog (Table 4). 2 g .6,, g g g
Twe-way matrices of change were formed giving the Net shifts within the Broadleaved Woodland Broad 8 0 8 0 0 P
number of plots in each Aggregate Class i in 1990 and Habitat saw gains to the later successional, tree and shrub 309 36 8 9 i] 0 0 o
Aggregate Class jin 1998 (;,j = 1,..., 8), Net changes from dominated vegetation of Aggregate Class 5 away from the - -
Aggregate Class i to Aggregate Class j were then calorlated. raid to late-successional tali grassland and herb vegetation ) Brand Habitar 6; Neatral grasslana- ploss
McNemar’s test (Siegel and Castellzan, 1988) for net change of Agaregate Class 2 (Table 4). In addition, a significant oW 1 2 2 3 7 1 7 4 )
among paired data could not be used because vegetation recruitment to the more fertile and usnally more intensively 2 2 a5 2 5" 4 65 ] 635 32 17
plots within the same 1km square were more likely to managed vegetation of Aggregate Class 3 oceurred a1 the 3 15 21 11 47 3 47 46 -1
change in the same way and hence were not independent expense of the more species-rich infertile grassland of 4 u 7 e ? z 148 4 148 132 -1
. . L 5 1 z 1 4 5 4 [ 2
observations. Instead, valid confidence limits and appro- Aggregate Class 4 (Table 4). 5 2 1 a § 14 & 14 15 1
priate statistical tests for net change were obtained using the Areal plots located in the Arable Broad Habitat saw anet 7 1 bl 1 11 7 I 10 ~1
bootstrap data re-sampting technique (Efron and Tibishrani, increase in tall grass and herb vegetation of Agpregate Class 8 1 3 4 ] 4 5 H
1993). Specifically, the matrices of plot changes for each 2 at the expense of the highly disturbed communities of the 4 82 46 132 6 15 io 3
T km square (the basic top-level sampling unif) were re- crops/weeds Aggregate Class (Table _4). ] (@) Broad Habitor 6; Neutrat grasstand X pioes”
sampled with replacement separately to generate a bootstrap The Neutral Grassland Broad Habitat comprises a range
estimate of the overall matrix of change. This re-sampling of semi-impreved as well as unimproved and often species- 50 1 3 3 § 1 [ 6 Q
was repeated 1600 Gmes to generate the bootstrap rich mesotrophic grasslands. Within this Broad Habitat two 2 2 ’ 2 2 2 il 4
distributions of the uncertainty in the matdx of change, significant net shifts in Aggregate Class occurred, In the z f 53 : sg éﬁ i ;g ég 7;
from which confidence Jimits and statistical tests of no real targeted (Y) plots an increase in tke much more productive 5 1 1 5 1 0 -1
change berween any particular pair (i) of Aggrepate and less disturbed vegetation of Aggregate Class 2 occurred 3 3 3 6 3 5 2
Classes were obtained. at the expense of the unimproved, mid-successional 7 2 1 4 7 7 7 4 -3
vegelation of Aggregzie Class 4 (Table 4), In the same 8 0 8 ¢ 0 o
2.6.2. Change in mean indicator scores per plot Broad Habitat but in field situations more likely to be.under s 1 2 g0 N 5 4 ¢
Significance tests of change in mean indicator scores direct agricultntal management (X plots), the change was (®) Broad Habitar 10; Dwarf Shriub Heath—X pipts®
between 1990 and 1998 were carried out using Student’s again to tall grassland and herb vegetation but from the
#-tests for paired data, as the differences were approximately intemsively managed feniie grassland of Aggregate Class 3 s i o ! g g 0
vormally distributed. To take account of the potential (Table 4). : g ; 0 o g
correlation and hence lack of independence between CS Changes within the Dwarf Shrub Heath and the Bog 4 3 1 2 4 2 2 0
plots within the same Ikm square, the varance of the Broad Habitats were similar. I both, the more graminac- 5 3 5 [ o 0
difference in mean scotes was adjusted to take account of eons vegetalion typical of Agpregate Class 7 gained at the 6 1 3 4 . 3 6 4 9 1
contribntions from both the within-square and between- expense of the heather-dominated Aggregate Class 8 ;" ; 2';7,' mﬁ? 1‘2*; ; 1;; ]fg _ i:
square variances estimated by random effects analysis of (Table 4). 0 o o 2 0 9 P 113
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‘Table 4 (rontinucdy
o8 50 o8 et Change
! 2 3 4 s & 7 8
(f) Broad Habitar 12; Bog—X pions’
20 1 6 1 5 1] ]
2 4] 2 o [1] 4]
3 [+ 3 0 o 0
4 I 1 2 4 2 i =1
5 [} 5 [ a Q
& I 1 2 6 2 2 [H
7 1 26 3* 30 7 30 46 16
8 1 18" 192 211 8 211 196 =15
e [} 0 L 9 2 46 196

* Incrense in 3 from 4; P = 0.040. Increass in 5 from 2. P = 0.030.
b Increase in 2 from 13 P =0.017.
* Increase in 2 from 42 P = 0.019.
¢ Increase in 2 from 3; P = 0.040.
* Increase in 7 from 8: P = 0.010.
! Increase in 7 from §; P = 0.002.

3.2. Analysis 2; changes in Indicator variables within
plots that stayed in the saime Broad Habitat between
1990 and 1998

Mean Ellenberg light scores decreased in tests across all
linear plot types except hedgerows (Table 5) where no
significant ¢k were d d. D d scores indi-
cate a shift toward a species composition associated with
more shaded and less distuebed conditions. Away from
linear features mest tests conveyed decreases in indicator
scores, the only exception being Acid Grassland (Table 5).
Of those Broad Habitats with sufficient plots for analysis, no
significant change was seen in Bog, Dwarf Shrub Heath,
Conifer Woodland, Bracken, Urban or Calcareous Grass-
land.

Tests of change in mean Ellenberg fertility scores were
also remarkably consistent. All statistically significant
changes but one were increases indicating a shift toward
species compositions associated with higher nutrient
availability. Increases were seen on the linear netwerk as
weil as in areal plots (Table 5). No significant changes were
detected for Conifer Woodland, Calcaresus Grassland,
Bracken, Bog or Dwarf Shrub Heath.

Species richness changes were also highly convergent,
with 34 out of 37 significant changes being decreases
(Table 5). Again, linear and areal plots shewed similar
changes. Only in areal plots in Acid Grassland and on road
verge plots in the Boundaries and Linear Features Broad
Habitats were increases detected (Table 5). No significant
changes were detecied in Calcareous Grassland, Bracken,
Fen, Marsh and Swamp, Conifer Woodland or Urban Broad
Habitats.

If species richness change ocourred as a consequence of
change to more fertile and more shaded conditions then

direction should depend upon starting point along the
gradient of substrate fertility or disturbance versus species
richness. Following increases in substrate fertility and
shade, reductions in richness ought to occur in Broad
Habitats sitaated to the right of the modal fertility or
incident light level, and in the absence of species pool
constraints, increases ought 1o occwr in Broad Habitais
situated to the left. In fact, the best separation of Broad
Habitats and the most pronounced hump-backed relation-
ship was along the indirectly measured fertility gradient
(Fig. 3). When Broad Habitats were arranged along this
carve it was apparent that those to the right of the mode,
which saw significant changes in mean richness, all showed
reductions (Fig. 3(a) and Table 5) and were therefore
consistent with observed mcreases in fertility score {Table
5}, However, out of the five Broad Habitats sitnated to the
left of the modal fertility score (Fig. 3{(a)) only Acid
Grassland showed local increases in mean species richness
{X plots only—Table 5). Both Dwarf Shrub Heath and Bog
Broad Habitats saw reductions in mean richness but with no
apparent parallel changes in either Eflenberg fertility or
light scores. Species richness changes seem therefore to be
rather loosely coupled with changes in Ellenberg scores
over the same period.

4. Discussion

4.1. Patierns and processes of large-scale vegetation
change between 1990 and 1998

The two types of analysis carried out indicate different
aspects of vegetation change across Britain between 1990
and 1998. Analyses of net movement of plots between
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Table 5

Analysis 2: ‘Staysame’ snalysis if change m three indicator variables
between 1990 and 1958 based on CS vegetation plots that were in the same
Broad Habitat in cach year of survey. Counts surmuarise the nunber of
statistically significant changes detected out of nine testx cumed out for
each Broad Habitat, Tests were based on plots gronped by plot type, country
(England with Wales and Scotland) and six Environmental Zones that
further subdivided each country (Firbank et al., 2003)

Broad Habitat Plot type Number of
significaat rest
resulits

- +

(ay Ellenbery light score®
Broadleaved woodland
Broadleaved woedland
Boundaries and Linear
Boundarles and linear
Arable and horticultural
Axable and hocticultorad
Improved prassland
Neutral grassland

Acid grassland

Fen, marsh and swamp
Rivers and sreams

Total 29 3

(SRR TSRO S

2] oW
E><r<1r<><-<><< =

(b} Ellenberg fortility scars®
Broadleaved woodland
Broadleaved woodland
Boundaries and Enear
Boundaties and Lnear
Boundarics and Enear
Rivers and streams
Improved gmssland
Neutral geassland
Acid grassland

Fen, marsh and swamp
Urban

Total

() Species richness”
Broadleaved woodland
Broadleaved woodland
Botndaries and Linear
Boundaries and linear
Arable ang horticultural
Improved grassiand.
Neutral grassland

Acid grassland

Dwarf shrub heath
Bog

Rivers and streams

P<-<-<v<-<£=’:f.fﬂ-<><
b WO e W

33

<
[ L .

2%*?{»{447’@4%

P

Totel 34 3

* Total of 135 possible tests were camied out. 2X , 3% and 22X as
many significant results were detected at P =10.05, 0.01 and 0.001
respectively, than expected by chance.

® ‘Total of 135 possible tssts were cortied out. 1%, 2% ond 37 % as
many significant results detected at P = 0.03, 0.01 and 0.001 respectively,
than expected by chance.

¢ Totml of 135 possible tests were carried out. 1.5%, 3X and 74X as
many significant results detected at P = .05, 0.0t and 6.001, respectively,
than expected by chance.

Agegregale Classes and Broad Habitats are sensitive to
relatively large changes in plant species composition. These
shifts need not involve large numbers of species but are
more lkely to reflect the appearance or disappearance of
taxa characteristic of markedly different plant communities.
Also, since movement batween classes can be interpreted as
movement along light availability and substrate fertility
gradients, observed changes imply processes such as change
in disturbance regime and eutrophication. Analyses of
change in Ellenberg indicator scores alse implicitly convey
changes in light availability and subswate fertility by
summarising species compositional change in terms of the
known associations between plant species and different
parts of these two gradients in British vegetation (Hill et at.,
2800).

Changes in species richness are perhaps mere difficult to
interpret since decreases or increases maybe positively or
nepatively valued depending uwpon position along the
diversity versus productivity and disturbance curves as
well as on the identity of the species that changed (Huston,
1979; Grime, 1979; Waide et al., 1999; Mittelbach et al.,
2001). For these reasons we have considered changes in
species richness as outcomes hypothesised to be consistent
with detected changes in Ellenberg indicator scores given
the position of each areal Broad Habitat on the bump-
backed richness versus Ellenberg light and fertility curves.

Analyses of change In indicater scores also focussed on
changes in the vepetation of linear as well as areal features
and, by holding Broad Habitat constant over time,
cencentrated on floristic changes not influenced by major
shifts in the mapped Bread Habitat type. In the next sections
results from the two analysis types are used to jointly assess
vegetation change across Broad Habitats in the centext of
recent land-use change in the British conntryside.

4.2, Vegetation change in larger areas of Broad Habitar;
19901998

The overall pattemn of changes among larger areas of
British Broad Habitats is summarised in Table 6 based on
analytical results for vegetation chanrge among X plots.
Parterns of net change berween Aggregate Classes by Broad
Habitat saw later-successional classes recruit plots at the
expense of earlier-successional vegetation while more
fertile classes gained from less {Table 6). These patterns
are also broadly consistent with changes in Ellenberg
indicator scores, although only Broadleaved Woodland saw
tncreased fertility scores in the Jarger area (X) plots (Table
6). This pattern of results implies that vegetation change,
particularly in lowland Broad Habitats, fias been driven by
reduced disturbance and/or increasing natrient availability.
Also, given their starting positions aleng the rickness versus
inferred fertility curve, the local decreases in mean species
richness seen in Broadleaved Woodland and the local
increases in Acid Grassland were comsistent with the
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Fig. 3. The location of British Broad Hahitats along two indirectly measured environment] gradients versus species richness, Each Broad Habitat i
by fixed vegetati ding plots located in Ind. parcels that were assigned to the Broad Habitat in the Countryside of 1958, Oaly areal (X}

plats were ysed because of diffetcaces in the dimensions of X and Y plots. The Rivers & Streams and Boundaries & Linear Features Broad Habitats are alse
excluded because they are defined by Jandscape feature rather than dominant vegetation. The ¥ axes are species richness per plot and the X axes, mean
Ellenberg values for fertility (a) and light (b}. The position of the mezn Ellenberg value among plots in each Broad Habirat is shown Plus and mings the standard
deviation about the mean. HOF model IV curves (Huisman et al., 1993} were fitted to the raw scatter of plot velues to produce the relationships shown. Codes
for Broad Habitats are 25 follows: 1, Broadleaved woodland; 2, Conifer woodiand; 3, Arable & Horti ; 4, Iy d land; 5, Nentral 1 6,
Acid grassland; 7, Bracken; 8, Dwarf Shrub Heath; 9, Fen, Marsh & Swamp; 10, Bog,

directions of change sxpected following increased fertility than less, contrary to the direction of change implied for
and decreased light availabilizy, lowland landscapes. This same type of directional change

Net changes in Aggregate Class membership in both the was also seen for the 12 year interval between the CS of
Bog and Dwarf Shrub Heath, Broad Habitats saw Moor- 1978 and 1990 (Bunce ¢t al., 1999b). For this earlier period
iand/grass mosaics gain at the expense of the heath/bog the twe most important potential drivers of this net shift
Agpregate Class, resulting in an inferred shift toward higher were thought to be increases in sheep grazing pressure
nutrient availability but with increzsed distuzbance rather and atmospheric N deposition (Firbank et al., 2000). The
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Table 6

Summary of the patteens and iaferred processes of change among Broad Kabitats in Britain betwesn 1990 and 1998, Inferred processes of vegetation change sre
shown for (a) Jarger areas of vegetation typically in fields and unenclosed sampled by X plots, and (b} small bictope patches sampled by targeted Y plots. All

was based oo all plots including those that changed Broad Habitat between 1990 and 1998. The staysame analysis was ouly based on plots that did not change
Broad Habitat over time. - * indicates that rest results were not statistically significant at, at least, P << 0.05. Note that the lack of a detectad signal can be due

to Jow statistical power s well as absence of real change

Broad Habirat Inclusive: znalysis Staysame analysis

Disturbance Nutrient availability Dismurbance Nutrient availability
{(a) Fietds and unenclosed land; X plots
Broudleaved woodland e

Conifer woedland e
Arable and horticultural Down Up
Tmproved grasslang e .
Neutral prassland Down s
Acid Grassland N o
Bracken e car
Dwarf Shrub Heath Up up
Fen, Marsh and Swamp
Bog Up Up

(b} Smiall semi-naryal bisiope patches, ¥ plats

Broadleaved woodland Down Up
Conifer Woodland e e
Arable and horticulnural e

Improved grassland eee -
Neutral grassland Down Up
Acid grassland
Bracken .
Drwarf shrub heath

Fen, Marsh and Swatnp

Bog

Down Up

Down

Down Up

Down -
Up

Dowa Up

Up Up
Up

1990-1998 shift to upland prassland at the expense of
Ericaceons vegetalion is 2 continuation of the 1978—1990
pattern and there is a ¢lear need for further attempts to
estimate the contribution of competing potential causes of
these changes.

Four Broad Habitats showed ne evidence of net change,
These were Conifer Woodland, Bracken, Fen, Marsh and
Swarip and Acid Grassland, The absence of marked
directional shifis to Conifer Woodland from Acid Grassland
was adeparture from the 19781990 pattern where analyses
of movement between Aggregate Classes, as well as change
in mapped land-cover, showed a net gain 1o upland
woodland consistent with increased afforestation in parts
of upland Britain (Barr et al., 1993; Tudor and Mackey,
1995; Firbank et al., 2000),

The Arable and Horticultural Broad Habitat covers the
most intensively disturbed farmland ir Britain. Between
1990 and 1998 a net less ocourred from cpen communities
of cultivated ground and a net gain to the tall grassland/herb
vegetation of Aggregate Class 2. This type of change was
also detected between 1978 and 1990 (Bunce et al,, 1999b).
Iniensive arable systems jn Britain can include rotation
between crop and sown grass ley, and for the 1990—1958
interval this was reflected by the marked twmover seen

belween Aggregate Classes | and 2. However, the net gain
o Aggregate Class 2 is inconsistent with such rotations
since this vegelation type is typically dominated hy
commor, perennial herbs and perennial, tussock-forming
grasses associated with high nutrient status but relatively
low levels of prazing or cutting (Bunce et al., 19992). The
net gain to Aggregate Class 2 seems therefore to represent
an increase in fallow grassland assembled from species
recruited from the local species pool including the seedbank
but especially from nearby linear featnres (Critchley and
Fowbeit, 2000, Further analyses are required to exploze the
relationship between this change and its possible drivers,
however the increase in tall grassland/herb on arable land
between 1978 and 1990 did coincide with the implemer-
tation of the EC-wide set-aside scheme. This scheme was
inreduced in Britain in 1988 and offered suppert payments
for erop production on condition that 4 specified percentage
of cultivated land was left fallow for between 1 and 5 years
(Clarke, 1992},

4.3. Vegetation change in small Biotope paiches;
19961908

Net chacges in Aggregate Class membership within
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smaller patches of semi-natural vegetation were seen in two
Broad Habitats (Fig. 4b). In Broadleaved Woodland,
increased shade and eutrophication were implied by net
losses from less fertile grassland to woodland or to more
fertile grassland. In particular, plots located in species-rich,
unimproved pgrassland communities (Aggregate Class 4) in
1990 saw a ne1 transfer 1o the more fertile and usually
managed communities of Aggregate Class 3. Eutrophication
was also implied by the net gain to fertile from infertile
grassland seen in Y plots in the Neutral Grassland
Broad Habitat (Fig. 4b). This indicates that losses of the
more species-rick, mesotrophic grasslands continued
through the last decade of the 20th century but appeared
to affect small remnant patches rather than more extensive
areas more likely to have been sampled by X plots and
perhaps more likely to have already been improved. In
Britain, the reduction in unimproved grassiand area tha:
oceurred particularly through the last quarter of the 20th
century has been well documented (Fuller, 1987; Green,
1990; Blackstock et al., 1999) but an assessment of change
focussing on smaller fragmented patches has, ontil the
availability of CS data, been impossible.

Analyses of change in indicator scores for smali bistope
patches (X plots) also showed that Fen, Marsh and Swainp,
Acid Grassland, Neuntral Grassland and Improved Grassland
saw an increase in abundance of species favoured by higher
nutrient availability (Fig, 4b), Being already associated with
high fertility, the Impreved Grassland Broad Habitat might
not be expected to show much scope for further response to
increased nutrient inputs. However, mapped areas of the
Broad Habitat include semi-improved swards that can
respond to further agricultural improvement (Rodwell,
1992). Changes in Ellenberg light scores indicated a shift
towards species compositions typical of more shaded
conditions within small biotepe paiches in Arable and
Horticoltural, Broadleaved Woodland and Neutral Grass-
land Broad Habitats. Local Changes in Y plots in the Acid
Grassland Broad Habitat implied the reverse tendency, for
inereased rather than decreased disturbance.

In areas of Britain where the plant species compaosition of
the most abundant land-cover types has been shaped by
intensive land management, the observed decreases in light
score and increases in fertility score ate consistent with
aspects of the land-use history of the British countryside not
just between 1990 and 1998 but also as an ecological
consequence of the planned increase in inpuis and
agricultural outputs that accelerated throughout the post-
WWII era (Green, 1990; Hopkins et al., 2000}, Increasingly,
evidence from Britain, as well as other northern European
countries, indicates that in modem intensively farmed
landscapes, remaining fragments of early and mid-succes-
sional semi-natural plant communities are vulnerable 1o
succession since paiches are more likely te be econemically
disconnected from the intensively farmed mawix in which
they are embedded. As a result isolated fragments may
experience either complete removal or lack of management

(McDonald and Johnson, 2000; Agger and Brandt, 1998;
Poudevigne et al., 1997). In Britain, the last half of the 20th
century also saw large increases in the amount of fertilisers
applied to farmed landscapes particularly in lowland regions
(Potter and Lobley, 1996; Hopkins et al., 2000). Increases in
nutrient leads in combination with lack of disturbance are
likely to have accelerated the replacement of plant
assomblages associated with less fettile conditions by
species poor assemblages of potential dominants recruited
from local species pools that increasingly reflect intensive
land management (Hodgson, 1986; Thompson, 1994;
Losvik, 1995).

For mesotrophic plant communities pesitiened on or to
the right of the modal substrate fertility value taken across
the range of Broad Habitats, the consequence of increased
fertility and decreased disturbance iz predicted to be a
decline in species richness within sample plots. Declines
were indeed seen locally across small biotope patches
within Broad Habitats including Arable and Herticnltural,
Broadleaved Woodland, Improved Grasslané and Neatral
Grassland. However declining richness was also seen locally
in the upland Dwarf Shrub health and Bog Bread Habitats.

4.4. Vegetation change on linear features; 19901598

From the limited evidence available, plant commmunities
on linear features in lowland Britain share a common recent
history of reduced disturbance with the small biotope
patches sampled by the targeted Y plots. For example,
althongh data on uptake levels is hatd to find, Britishk
farmers have recently been encouraged to establish
undisturbed strips along lowland stream 2nd riverbanks to
act as buffer zones for the interception of enriched run-off
and pesticide drift, to prevent soil erosion and as part of
censervation management plans. On roadsides, full-width
cutting in Britain is now much less frequent than in the
1960s while the removal of cut biomass has become very
rare (Way, 1977, 1978) often only deliberately applied 1o
locally designated ‘special’ verge lengths (Cumbria County
Couacil, 1992; Riden, 1992). Biomass accumulation in field
‘boundaries and hedge bases may also have been favoured by
a GB-wide increase in the length of fencing along these
features between 1978 and 1998 (Barr el al., 1993; C82000
unpublished data). These patterns of changing land-use are
consistent with the remarkably clear tendency for increases
in Ellenberg fertility scores and decreases in Ellenberg Light
scores within the Boundaries and Linear Featores and
Rivers and Strcams Board Habitats. These results reflect
floristic shiits towards assemblages typical of more shaded
and mere fertile conditions, This trajectory is aiso a
continuation of the type and direction of change seen on
linear featnres hetween 1978 and 1990 epitomised by the pet
gain to tall grassland/herb and lowland worded Aggregate
Classes from the mid-successional, infertile grassland
Aggregate Class (Bunce et al,, 1999b).
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5, Conclusions

The CS of 1978, 1990 and, most recently, 1998 have
revealed patterns of large-scale vegetation change that are
broadly consistent with the expected effects of some of the
drivers of land-use change known to have operated over
the 20-year period. The most important of these are
probably inereased sheep grazing in the uplands, the
culmination of 20th century increases in N deposition
across British ecosystems, post-1945 agricultural intensifi-
cation and increaged under-utilisation pins eutrophication of
agriculmrally marginal biotopes and linear networks in the
British lowlands (Firbank et al.,, 2060). The period from
1990 to 1998 has, however, seen subtle changes in these and
other environmental drivers. For example net atmospheric N
deposition may have declined in some regions of Britain
(Neptap, 2001). In addition, agri-environment schemes
designed to fund reduced agricultural inputs increased in
coverage throughout the peried (Ovenden et al., 1998).
Land owner attitudes to land management may also have
changed. For example, evidence from a sub-sample of land-
owners in Countryside Survey squares in 1995 showed a
planned decrease in activities associated with agricultural
intensification between 1993 and 1998 {Potter and Laobley,
1996), while McDonald and Jehmson (2000} found that the
willingness of a sample of British farmers to create
subsidised wildlife refugia on their land had significantly
increased between 1981 and 1991,

The patterns of large-scale vegetation change reported
here for the 19901598 interval are, however, still broadly
consistent with the prolonged and widespread increase in
nutrient availability that oceurred across British ecosystems
throughont maest of the 20th century. Whether the reversal of
some driving forces has resulted in locally detectable signals
in 1990-1998 surveillance data wiil depend on the
prevalence and intensity of associated impacts coupled
with the responsiveness of impacted plant communities.
Further analyses that attempt to mare precisely estimate the
role of these and other potential drivers of ecological change
in British vegetation are currently underway. Perhaps the
biggest challenge for current and future analyses is to find
ways of detecting and partitioning out any effects of climate
change since this may well prove to be the most important
driver of ecosystem change over the next century.

Acknowledperents

We thank all the land-owners who kindly gave
permission to survey their holdings in the swrvey sample
squares in 1978, 1990 and 1998. Without their co-operation
and assistance the Countryside Survey would not exist, We
also acknowledge and thank all the field surveyors involved
in each field campaign. Thanks are also due to Andrew Stott,
Les Firbank and Rob Marrs for comments on earlier drafis
of this paper, Peter Wilson helped develop the analytical

appreach. The work presented here was completed under
a project funded by DEFRA, NERC, the Scottish Executive
and the Natlonal Assembly of Wales.

References

Agger, P., Brandt, J., 1998. Dynamics of small biotopes in Danish
agricultural landscapes. Landscape Ecelogy 2, 227240,

Bamr, CJI., Bunce, R.GH., Clarke, R.T., Fuller, R.M., Furse, M. T,
Gillespie, M.K., Groom, G.B., Hallan, CJ1., Homung, M., Howard,
D.C., Nass, M., 1993, Corntryside Survey 1990 Main Report, 1990,
Department of the Environment, Loadon.

Bischoff, C., Drisschmei R., 2000. Ewop Monitoring for Nanure
Conservation. Bonn-Bad Godesberg (Bundesam: fiir Naturschutz)-
Schriftenr. Landschafisplege Naturschutz, 62.

Blackstock, T.HL, Rimes, C.A., Stevens, D.P., Jefferson, R.G., Robertson,
H.J., Mackinwsh, J., Hopkins, JJ., 1399. The extent of semi-nanural
grassland communities in lowland England and Wales; a raview of
conservation surveys 1978-1996. Grass and Forage Sclence 54,
1-18.

Bunce, R.G.H., Bam, CJ, Clarke, R.T., Howard, D.C., Lane, M.)., 1996,
ITE Merlewaod land classification of Great Britain. Journal of
Biogeography 23, 625-634.

Buoce, R.G.H., Bam, C1., Gillespie, M K., Howard, D.C., Scott, R.A.,
Smart, S.M., van de Pell, H.M., Watkiss, J.W., 19992 Vegetation of the
British Countryside—the Countryside Ve ion System, Transport
and the Regions, Depariment of the Environment, London.

Bunce, R.G.H., Smat, S.M., van de Poll, HM., Watking, 1.W., Sceit, W.A.,
1999h. Measuring Change in British Vegetation, ECOFACT., vol. 2.
Transport and the Regions, Department of the Environment, Londem.

Celedinie, A.B., 1995. North American Workshop on Monitoring for
Ecological A of iel and Aquatic . General
Technical Report RM-GTR-284, Colorado. US: Rocky Mountains
Forest and Range Experiment Staticn, Fort Collins,

Cluwke, 1., 1992, Setaside, BCPC Monogragh Mo. 50, British Crop
Protection Cenncil Publications, Farnham. England.

Coates, J.F., 1992. Factors shaping and shaped by the environment. In:
McKenzie, IH., Hyat, DE, McDonald, V.J. (Eds.), Ecclogical
Indicators, vol. L. Elsevier Applied Science, Amstesdzm, pp. 7-52.

Critchiey, C.N.R., Fowbert, J.A,, 2000. Development of vegetation on set-
aside land for up to nine years from a national perspective. Agricniture,
Ecosystems and Envitonment 79, 159174,

Cumbriz County Council, 1992. Report on the Roadside Verge Survey o
Cumbria. Stage 1, Cumbria county Council, Highways and Engineer-
jng, Catlisle, 43pp.

Dayton, PK., Tegner, M), Edwards, P.B.,, Riser, X.L.. 1998. Sliding
baselines, ghosts and reduced expectations in kelp forest cormmunities.
Ecological Applications 8, 309-322,

Efron, B., Tibishrani, R., 1993. An Introdution to the Boatstrap, Chapman
and Hall, London.

Ellenberg, H., Weber, HE., Dull, R., Wirth, V., Wemner, W., Pautissen, D.,
1991, Zeigtrwerte von Pllanzen in Mitteleuropa. Scripta Geobotanica
18, 1248,

Esisen, A.CD., Alkemade, LRM. Wassen, M), 1998, Calibrating
Ellecberg indicater values for moisture, acidity, nutrient availability
and salinity in the Netherlands. Plant Ecolegy 135, 113-124.

Firbank, L.G., Smart, §.M., van de Poll, HLM., Bunce, R.G.H., Hill, M.O.,
Howard, D.C., Watkins, J.W., Stark, G.J., 2000. Causes of Change in
British Vegetation, ECOFACT, vol. 3. Department of the Environment,
Traosport and the Regions, London.

Firbank, 1..G.. Barr, C.J., Bunce, R.G.H., Furse, M.T., Haines-Young, R.,
Horpung, M., Howard, D.C., Sheail, J., Sier, A., Smart, S.M., 2003,
Assessing stock and change in land cover and biodiversity in GB: an




S.M. Smurt et al. 7 Journal of Environmental Manragement 67 {2003} 239254 253

introduetion te Conntryside Survey 2000, Joumal of Enyiroumental
Management 67, 207~218.

Fuller, R.M., 1987. The changing extent and conservation interest of
lowland grasslonds fn Epglaed and Wales: & review of Erassland
surveys 193084, Biological Conservation 40, 282300,

Creen, B.H.. 1990, Agriculmeal intensification aad the loss of habitat,
species and amenity in British prasslands: a review of historical change
and assesament of future prospects. Grass and Forge Science 45,
363-372.

Grime, )P, 1979. Plant Strategies and Vegetation Processes, Wiley,
Chichester, UK.

Haines-Young, R.H., Barr, C.J., Black, H.LY, Briggs, B.J, Bunce, R.GH,,
Clarke, R.T., Cooper, A., Dawson, F.H., Firbank, L.G., Fuller, RM.,
Furse, M.T., Gillespie, MK, Hill, R., Homung, M., Howard, D.C.,
McCann, T.. Merecroft, M.D., Petit, S., Sier, ARJ., Smar, SM,,
Smith, G.M., Stett, A.P., Stuart, R.C., Watkins, LW, 2000. According
for nature: 1ssessing habitats in the UK countryside, Department of the
Envitonment, Transport and the Regions, London.

Hill, M.O., 19792, TWiNsPAN—A FORTRAN Progeam for Aranging
Multivariate Data in an Ordered Two-Way Table by Classification of
the Individuals and Asiributes, Comedl University, thacs, New York,

Hill, M.G., 1979b. DECORANA—A FORTRAN Program for Detrended
Corespondence Analysis &nd Reciprocal Averaging, Comnell Univer-
sity, Jthaca, New York.

Hill, M.Q., Carey, P.D., 1997. Prediction of yield in the Rothamsted Park
Grass expetiment by Ellenbecg indicator values, Journal of Vegetion
Sisnce 8, 574-579.

Hilt, M.O., Mountford, J.0., Roy, D.B., Bunce, R.G.H., 1999. Eilenbergs’
indieator values for British piants, ECOFACT, val. 2, Department of the
Environment. Transport and the Regions, Londor, Techuical Annex,
TTE Monkswood, Huntingdea.

Hill, M., Mountferd, 1.0., Bunce, R.G.H., 2000, Extending Ellenberg’s
indicator values o a new area: an algorithmic approach. Journal of
Applied Ecology 37, 3-15.

Hodgsan, 1.G,, 1986. Commoness and rarity in plants with special reference
to the Sheffield flora. Part IT: The refative importance of climate, soils
and land use, Biological Conservation 36, 253274,

Hopkins, A. Bumce, RG.H., Smast, §,M., 2000, Recent changes in
grassland mapagement and their effects on botanical composition,
Journal of the Royal Agricultural Sociery of England 161, 210223,

Howard, D.C,, Watking, I.W., Ciarke, R.T., Barnett, C.L.. Stark, G.1., 2003,
Estimating the extent and change of Broad Habitats in Great Britain.
JTourpal of Environmenral Manegement 67, 219-227.

Huisman, I., OIff, H., Fresee, LF.M., 1993, A hierarchical set of models for
species response analysis. Journal of Vegetation Science 4, 37—46.
Huston, M., 1979. A general hypothesis of species diversity. American

Naturalist 113, 81-101.

Tuckson, D.L.., 2000. Guidance on the interpretation of the Biodives ity Broad
Habitat Classificatfon (temestrial and freshwater fypes). Definitions and
the relationship with other habitat classifications, INCC Report No. 307,

Joint Nature C ation Ct i E 2k, UK.

Jassby, A.D., 1998. Interannual varighility at three inland water sites:
implications for sentinel e Ecological Applicati B
277287,

Lawton, 1., 1997, The science and non-stience of conservation biology,
Qikos 79, 3-5.

Losvik, MH., 1995. Conssquences of agriculural land-use change in
westera Norway. In: Jongman, RH.G., (Ed.), Ecological and Land-
sezpe Consequences of Land-use Change in Europe, Froceedings of the
first ECNC seminiar on land-use change and its ecological conge-
quences, European Centre for Nature Conservation, Tilburg, The
Netherands.

Magnuson, J1., 1990. Long-tem scologicat research and the invisible
present. Bioscience 40, 405-501.

McCollin, D., Moote, L., Spacks, T., 2000. The flora of & cultural landscape:
etivircomental determinants of change revealed using archival sources.
Biological Conservation 92, 249-263.

McDonald, D.W., Johnson, B.J., 2000, Farmers and the custody of the
couniryside: frends in loss and conservation of non-produetive hebitats.
1981 —1998. Biclogical Conservation 94, 221 234,

McKenzie, D.H., Hyatr, D.E., McDonald, ¥ 2., 1992. Ecolegical lndicators,
vol. 1. Elsevier Applied Seience, Amsterdum.

Mittelbach, G.G., Stenier, C.F., Scheiner, S.M., Gross, K L., Reynolds,
H.L., Waide, R B., Willig, M.R., Dodson, §.L, Gough, L., 2001. What is
the observed relationship between species richness and productiviry?
Ecalogy 82, 2381-2396.

Negrap. 2001. National Expert Grovp on Transhoundary Air Polivtion:
Acidification, Eutrophication and Ground Level Ozone in the UKL First
Teport. On behalf of the UK Depattment of the Environment, Transport
and the regions and the devolved administrations, On-line at: wwi.nbu.
ac 1/negtap/finalraport .

Ovenden, GN., Swash, AR, Smallshire, D., 1998, Agri-environment
schemes and their contribution to the conservation of biodiversity in
England. Journal of Applied Ecology 35, 955-960.

Petit, 5., Firbank, L.G., Wyart, B, Howard, D.C., 2001 MIRABEL: models
for i review and of biodiversity in E;
landscapes. Ambio 30, 81-88.

Petit, 8., Stuar, R.C., Gillespie, ML, Bar, C.1., 2003. Field boundaries in
Great Britain: stock and change between 1984, 1990 and 1998, Journa)
of Environmental Management 67, 229238,

Potter, C,, Labley, M., 1996, Processes of Countryside Change in Britain,
Countryside Survey 1990 Series, vob. 7. HMSO, London.

Poudevigne, L, van Roofi, S., Merin, F., Alard, D., 1997, Dymamics of rural
Jaadscapes and their magin drivipg forces: n cuse study in the Seine
valley, Normandy, France, Landscape and Urban Flanning 38, 93--103.

Rich, TL.G., Woedruf, E.R., 1996, Changes in the vasculir plant flaras of
England and Scotland between 193060 and 1967-88: The BSBI
motitoring scheme. Biological Conservation 75, 217-.229,

Riden. T, 1952. Repart on the roadside verges of the Lancastsr district
(1990491}, Lapacshire County Council, County Surveyor's Degartment,
Lancaster.

Rodwell, 1., 1592, British Plant Communities, Grasslands and Montane
Commumities, vol. 3. Cambridge University Press, Cambridge.

Saterthwaite, F.E., 1946. An approximate distribution of esti
variance components. Biometries 2, 110114,

Seale, $.K., 1971. Linear Models, Wiley, New York,

Shear, H., 1995. Bcologica] assessment in Canada. ¥n: Celedinio, A.B.,
(Ed), Northern Ametican Worlshep on Munitoring for Ecological
Assessment of Termestrial and Aquatic Ecosysterns, General Technical
Report RM-GTR-284, Rocky Mounrains Farest and Range Experimen-
tal Station, Fort Collins, Celorado, US, PP. 20-30.

Siegel, S, Castefian, N.J, 1988. Nanoparametric statistics for fhe
behavioural seiences, 2nd £d, McGraw-Hill, New York.

Simpson, R.D., 1998, Bconomic anatysis and ECOSYSIZMS! S0Me Concepls
and issues. Ecological Applicutions 8, 342340,

Smart, 5.M.. 2600. Ecological assesament of vegetation data from a nature
tererve using regicnal reference data and indicator scores. Biodiversity
and Conservation 9, §11-232,

Solly, L.D., Kitby, K.J., Soden, D., 1999, National Sample Survey of SSSI
Weodland, Eoglish Nature Research Reports. No. 30], English Nature,
Peterborough.

Spencer, IW., Kirby, K.J., 1992. An inventory of ancient woodland for
England and Wales. Biological Conservation 62, 77-93.

Stace, C., 1997, New Florz of the British Isles, 203 ed, Cambridge
University Press, Cambridge,

Stow, C.A., Carpenter, §.R., Webster, K.E., Frost, T.M., 1998, Long-term

i itoring; Soms ives from Lakes. Ecological

of

Applications 8, 260-276.

Sykes, JM., Lane, AM.. (Eds.), 1996, The UK Environmental Change
Network: Protocels for standard measurements at terrestrial sites,
HMSC, Londor, p. 220,

tea Brink, B.LE,, Hosper, 8.H., Colijn, F., 1950. A quantitative method for
deseription and assessment of ecosystems: the AMOERA approach,

254 S.M. Swart et al. / Journal of Environmental Monagement 67 (2003) 239-254

Seminar oz E A h oo Water M Qslo.
Norway, 27--31 May 199]. ENVWA/SEM.5/R.33.

Thompson, K., 1994. Predicting the fate of temperate species in response to
huma disterbance and global change. In; Boyle, T2 B., Boyle, CE.B.
(Eds.}, Biodiversity, Temperate Ecosystems and Global Change,
Springer, Berlin, pp, 61-76.

‘Tudor, G., Mackey, E.C., 1995, Upland land cover change in pest-war
Scotland. In: Thompson, D.B.A,, Hester, AL, Usher, M.B. (Eds.),
Heaths and Moorland: Cultuzal Landscapes, Scottish Natural Hetitage
and HMSO, Edinburgh, pp. 28-42,

van der Straaten, J., 1995, Economic processes, iand-use changes and
biodiversity. In: Jongman, RE.G., (Ed), Eeological and Landscape
Consequences of Land-use Change in Eutope, Procesdings of the first
ECNC seminar on land-use change and its ecological consequences,
Tilburg, The Netherlands, European Centre for Nature Conservation,
pp. 36-51.

Wackemagel, M,, Rees, WE., 1996, Our Ecological Footprint: Reducing
Human Impact on Earth, New Society Publishers, Gabriola Island,
British Columbia,

Waide, R.B., Willig, MR., Steiner, C.F, Mittelbach, G., Gough, L,

Dodson, 5.1, Juday, G.P., Patameter, R., 1999, The relationskip
between productivity and species richness. Annual Review of Ecology
and Systematics 30, 257-30H),

Ward, J.H., 1963. Heirarchical grouping to optimise an objective function.
Journal of the Ametican Statistical Association 58, 236244,

‘Wascher, D.M., 2000, Monitoring and reporting of Enropean biodiversity-
strategic, integrative and operational requitements. In: Bischoff, C.,
Driischmel R. (Eds.), B Moni for Nature Conserva-
tion, Bonn-Bad Gedesberg (Bund, filr Ne )-Schri
Landschaftsplege Naturschutz 62, pp. 3546,

Way, JM., 1977. Roadside verges and conservation in Britain: a review.
Biological Conservation 12, §5-74.

Way, 1M, 1978. Roadside verges and their management. [n; Colwill,
B.M., Thempsen, LR., Rutter, A.J. (Eds}, The impact of road raffic
ca plants, Proceedings of a sympositm organiscd by the British
Ecological Society and the Transport and Road Research Labora-
tory. Supplementary zepert 513, Department of the Eavironment,
London, pp. 41-44.

Zeide, B., 1997, Assessing biodiversity. Eovironmental Monitoring and
Assessment 48, 249--260,




