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Executive Summary

1. Module 10 of the Countryside Survey 2000 research programme addressed the issue of year-
to-year variability in vegetation: whether it was likely to influence Countryside Survey results and
how it might relate to weether patterns.

2. The vegetation of plots a Environmental Change Network (ECN) sites throughout the UK was
recorded in 1998 and 1999. ECN is a collaborative, long-term monitoring programme, with theam
of detecting changein awide range of environmenta variables, usng a series of intensvely sudied
gtes. For many of these plots, data were also available from 1997, 1996 and in some cases 1994.
The data were analysed by testing for year-to-year differencesin numbers of species and the
ecologica characterigtics of those species (using the systems of Grime and Ellenberg); these
variables have dso been used in the andysis of the main CS2000 vegetation results. The
Countryside Vegetation System (CV'S) was used for classfying the vegetation and dratifying the
sampling and andysis

3. Year-to-year changesin CV S aggregate vegetation classes were found: 23% of the sudied plots
changed classfication a some point. Between 1998 and 1999, the two years with the most data,
12% of plots changed. This compares with a change of 30% between 1990 and 1998 in CS2000
data

4. Arable Crop/ Weed communities showed the largest year-to-year variability in species number
and ecologica characteridtics, fertile grasdands and woodlands were dso relatively variable.

5. The number of species per plot decreased significantly between 1997 and 1999, taking dl
vegetaion classes together. The difference was dso datidicaly sgnificant in fertile grasdand,
lowland woodland and heath / bog classes when andysed separatedly. In the fertile grasdands,
which showed the largest Significant decrease, the decline in numbers of species was largely due to
decreases in ruderal gecies (‘weeds able to grow quickly in temporary gaps in the grass sward).
This may relate to the differences in weether between the dry conditions of 1995-7 and the
substantialy wetter period between 1997 and 1999.

6. Ininfertile grasdand there were Sgnificant differences in some vegetation characterigtics, but not
species richness, between 1999 and earlier years, the tendency was away from stress tolerant plants
and towards more fast-growing competitive ones. An increase in the mean Ellenberg fertility score
in this vegetation class, indicated a higher proportion of species adapted to high nutrient conditions.
This may reflect an ongoing change in regponse to nutrient enrichment (eg. from amospheric
pollution and spray drift), detected in both CS1990 and CS2000 data.

7. Although there were significant differences between years, and climate may well have been an
important factor causing these, very few sgnificant corrdations between vegetation and westher
variableswere found. Thisis probably because of the short length of the time series. Many climatic
effects may be subject to atime-lag and interactions between variables.

8. An underganding of year-to-year changes in vegetation can help to inform the results of
Countryside Surveys. Y ear to year variability can be large enough to obscure or distort long-term
changes and should be accounted for in the interpretation of CS2000 and Smilar monitoring
exercises. Inthe case of the CS2000 survey it islikely that changes of a smilar nature would have
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been detected if the main field survey were carried out in 1997 or 1999 rather than 1998; the size of
the changes could however have been quite different.

9. We recommend that annua vegetation monitoring be continued at ECN steswith further
developments to improve the coverage of vegetation types and Stes. More detailed analys's, using
other data from ECN sites should be carried out to improve understanding of the underlying
mechanisms. Ultimately it should be possible to develop modds of vegetation response to climate to
help interpret results of wider, intermittent monitoring programmes.
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1. Introduction

Successive Countryside Surveys have carried out large-scale fidd surveys of British vegetation,
using adratified random sample of 1 km squares. The most recent survey, for Countryside Survey
2000 (CS2000) (Haines-Young et al., 2000), was carried out in 1998-9 and can be compared
with results from 1978 and 1990. Module 10 was designed to test whether year-to-year variaions
are likdy to affect Countryside Survey results. To do this additiond, annual, monitoring work was
carried out at Environmental Change Network (ECN) sites, where detailed records of climate,
vegetation and other variables are available and where land management isrdatively dable. The
dtated aims of Module 10 were:

1. To repeat vegetation monitoring undertaken in 1997 at ECN stesin 1998 and 1999 using
protocols compatible with CS2000.

2. To determine the relaionship between annua fluctuationsin vegetation at ECN sites and
prevalling weather conditions.

3. To assess the extent to which vegetation monitoring in CS2000 is affected by year to year
vaiationsin wegther.

4. Toreview the protocols for vegetation monitoring at ECN sites with respect to gpplicationsin
Countryside Surveys and to make recommendations for the long-term adoption of such monitoring
as astandard requirement for ECN sites.

Aninitid pilot sudy was carried out in the summer of 1997 funded by the DETR. Thiswas
essentidly arepetition of asurvey carried out using stlandard ECN methodology in 1996. The
results are presented by Morecroft et al. (1997). 1n 1998 and 1999, two more surveys were
carried out usng the same plots and methodology. Additiond plots were dso set up to improve the
coverage of different vegetation types, though linear features were not included in this contract.

Earlier sudies have shown that at least some plant communities can change on ayear-to-year bas's,
influenced by the wegather. One of the best examples of thisis astudy of road verges a Bibury,
Gloucestershire, which have been monitored since 1958. Dunnett et al. (1998) reported changesin
the relative abundance of different functiona types, correlated with various measures of climate. In
genera terms, stress tolerant and ruderal (weedy) species increased in response to warm, dry
wegther during spring and summer whereas competitive, fast-growing species increased after wet
conditions. Other studies showing year-to-year changes that can be attributed to climate include
those by Herben et al. (1995), Collins et al. (1987) and van der Maarel (1985). It isimportant to
determine whether such effects are widespread and whether they can influence the variables used to
interpret Countryside Survey results, most of which have reatively stable vaues, based on the
presence or absence of species, rather than, for example, biomass or cover.

A number of measures of vegetation characteristics (subsequently termed ‘vegetation indices) have
been sdlected for use in interpreting results from the Countryside Surveys (Bunce et al., 1998;
Firbank et al. 2000) and the same variables are used in the anadyses reported here. They include
number of species per plot and scores of functiond attributes according to the systems of Grime and
Ellenberg. Grime (1979) proposed that plant 'Strategies could be characterised in terms of a
triangular scheme reflecting the degree to which any speciesis adapted to disturbance (remova of
materid) or 'stress (lack of resources). Three primary strategies were identified: competitors,
plants adapted to low levels of disturbance and stress, ruderals which are adapted to high levels of
disturbance and stress tolerators, which are adapted to low levels of resources. There are
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numerous intermediates and it is possble to score pecies according to how close they are to each
of the three primary strategies. Thiswas done for alarge number of species by Grime, Hodgson &
Hunt (1988) and can be expressed as C-radius, S- radius and R- radius, so for example, the higher
its C-radius, the more strongly a species exhibits the attributes of a competitor. The Ellenberg
system dedl's with adaptations to particular environmenta conditions and scores species 1-9
according to the habitats in which they are found, so for example a shade species would have a
lower light (L) score than a species characteristic of open conditions. The system was origind
developed by Heinz Ellenberg for central Europe (e.g. Ellenberg, 1988), but has been adapted by
Hill et al. (2000) to more accurately describe plant distributionsin the British Ides. A shiftinthe
mean value of CSR or Ellenberg scores should provide information on the nature of any changein
the vegetation composition of different plots, Stes or vegetation classes.

Data from the 1978 and 1990 Countryside Surveys were used to produce adatistica classfication
of vegetation, the Countryside Vegetation System (CV'S) which has 100 classes of vegetation
(Bunce et al, 1999). These vegetation classes are grouped together into eight aggregate classes
(AC), which form one of the basic units for analysis of Countryside Survey results (Table 1.1).
Aggregate vegetation classes formed the basis for our selection of plots at ECN stes and werethe
basic dratification in our anayses.

Table1.1 Aggregate Vegetation Classesin the Countryside Vegetation System

I Crops/weeds

I Tdl grass/ herb

[l Fertile grasdand

v Infertile grasdand

\ Lowland wooded

VI Upland wooded

VIl Moorland grass/ mosaic
VIl Heath/ bog



2. Methods

Ten ECN dtes (Fig. 1, Table 2.1) were used in this study, representing a wide range of vegetation
types, climatic conditions and land uses. Between 11 and 23 plots were recorded at each Sitein
1999 and 1998 under this contract (Table 2.2). Plots were mostly selected from existing ECN ‘fine
grain' vegetation monitoring plots (Sykes & Lane, 1996) to alow the time series to be extended by
including records from earlier surveys, in particular we have used data collected in the DETR funded

pilot study in 1997 and from ECN recording in 1996. Three Sites aso had some records from
1994. Further selection was made on the basis of ensuring a good representation of different
aggregate vegetation classes (Table 2.2) with the intention being to have at least 15 plots of each
aggregate class across as many ECN gtes as possible. To enable this, some plots that had
previoudy received aless detailed 'basdline survey (Sykes & Lane, 1996) were included in 1997
and 1998. Inthe case of Aggregate Class|, Crops Weeds, five completely new plots were set up
at each of the four ECN siteswith arable land (Drayton, Porton, Rothamsted and Wytham). The
protocol for setting up these new plotsisincluded in Appendix 1. Aggregate class|l, Tdl Grasdand
/ Herb, was not sufficiently well represented amongst ECN plots to be thoroughly covered. This
was anticipated, asit has the lowest area coverage of the Countryside Survey aggregate classes and
occurs under land uses such as roadsides and field margins, which ECN monitoring was not
designed to cover. Four plots from the 1997 survey were however kept within the recording
programme and various other plots were classfied as AC |1 in subsequent years. The find number
of plots available for andysis was 158 (Appendix 4).

Table2.1 ECN sitesused in CS2000 M odule 10

Site Sponsor / operator (owner) Main habitats

Alice Holt Forestry Commission Broad leaved plantation
woodland

Drayton MAFF / ADAS Mixed farmland

Glensaugh MLURI Upland grasdand

Hillsborough DARD Fertile pasture with some
woodland

Moorhouse-Upper Teesdde | NERC/ CEH (English Nature) Upland grassdand and blanket
bog

North Wyke BBSRC/ IGER Fertile pasture with some
woodland

Porton MOD/ DERA cacareous grasdand with some
woodland

Rothamsted BBSRC/IACR Arable farmland with some
woodland

Sourhope MLURI Upland grasdand

Wytham NERC / CEH (Oxford Univ.) Mixed broad-leaved woodland
and mixed farmland




Figure 2.1 ECN sitesused in CS2000 Module 10




Table 2.2 Location and vegetation type of plots recorded in 1998 and 1999 in CS2000 M odule 10

Aggregate vegetation class » o z - 5 o
= O ° ® g = T ] < s
o 3 o o c 8 = o) = g < T o
z < 8 S g'c I s = S = = sl g
S S b e | 239 % S o 8 £ g
2 S s 2 ® 8
| Crops/weeds 5 5 5 20| 4
(11 Tdl grass/ herb) 1 1 4 | 3
Il Fertile grasdand 12 1 3 3 3 22 | 5
IV Infertile grasdand 1 3 1 3 10 1 3 22 | 7
V L owland wooded 6 6 4 2 6 32| 6
VI Upland wooded 8 2 4 2 1 171 5
VII Moorland grass/ 1 3 10 7 21 | 4
maosaic
V111 Heath / bog 7 8 2 17| 3
All classes 16 17 14 12 23 12 18 15 11 17| 155

! Moor House and Upper Teesddle is alarge site comprising two nature reserves, if the two reserves are considered as 2 sites, dlasses VI, VII, VIl are
represented at 6, 5 & 4 Stes respectively.






The basic method used was the ECN ‘fine grain’ vegetation monitoring method in which the
presence of speciesis recorded in 10 randomly distributed 400 x 400 mm quadrats (‘cells) within a
larger 10 m x 10 m square plot. Plots and cdlls are permanently marked to ensure accurate
relocation. The detailed methodology is described by Sykes & Lane (1996) and a comparison of
the ECN and Countryside Survey methods is given by Morecroft et al. (1997). The method does
differ from that of CS2000, which isnot idedl for making comparisons, but it was adopted asiit
alowed alonger run of datato be analysed. Countryside Survey vegetation recording is based on
species lists with cover estimates for arange of permanent plots located within randomly selected 1
km squares. Full details may be found in, for example Barr et al. (1993), but the different types are
summarised in Appendix 2.

It is possible that Countryside Survey main plots are more stable than ECN fine grain plots as they
cover alarger ground area and s0 are less likely to be influenced by very localised changes: ECN
fine grain plots cover 1.6 nf randomly taken over 100 n¥ whereas Countryside Survey main (X)
plots cover 200 . Habitat (Y) plots cover 4 n¥ and linear ones 10 nf so are more likely to show
asmilar degree of varigbility to ECN fine grain plots. Table 2.3 shows the number of CS2000 plots
changing classfication for different plot types. This shows that the main (X) plots were more stable
in classfication than smaler ones over the longer course of time, but the differences were not large.
This suggests that the ECN plots can be taken to give reasonable indication of the extent to which
interannua variability affects vegetation classfication in dl CS2000 data.

Table 2.3 Percentage of CS2000 plots changing aggr egate vegetation class between 1990
and 1998 for different plot types.

Main plots 24.5%
Habitat plots 30.4%
Boundary plots 35.4%
Hedgerow plots 32.1%

Road verge plots 33.5%
Streamside plots 26.6%

Thefield surveys were carried out between mid June and the end of August in 1998 and 1999 (in
some of the early surveys, recording continued into early September). Asfar as possible the same
surveyors were used in each year at each Site. The surveyors used are listed in Appendix 3. During
the 1999 survey our main surveyors, D. McCutcheon and P. Wilson both recorded the same plots
at two of the more diverse sites - Moorhouse / Upper Teesda e and Porton Down. Good
comparability was found for ‘Category 1' species (see below). Quadlity control exercises were dso
carried out in 1996 and 1997. Staff at each ECN ste were responsible for marking plots and
facilitating the surveyors vists.

The andyss only included species used in the anadlyss of Countryside Survey results (Category 1
gpecies) and likewise counted variable and taxonomicaly disputed species such as bramble (Rubus
fruticosus agg.) as asingle species.

We have tested for changes in the aggregate vegetation class between years and dso for the
following vegetation indices, which are dso included in the analyss of the main CS2000 results:
1. Number of species

2. Mean Cradius
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Mean Sradius

Mean R radius

Mean Ellenberg R score (pH range)
Mean Ellenberg N score (soil fertility)
Mean Ellenberg W score (soil moisture)
Mean Ellenberg L score (light)
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3 Results
3.1 Changes between aggr egate vegetation class

36 (23%) of the 158 plots changed aggregate vegetation class, 15 (9%) more than once (Appendix
5). Table 3.1 summarises which changes between classes took place. The changes between classes
are not random, but tend to occur between Smilar aggregate classes. The largest number of
changes were losses from upland wooded (AC V1) to lowland wooded (AC V) and moorland grass
/ mosaic (AC VII) and from fertile grasdand (AC [11) to tal herb / grass (AC 1I).

Table 3.1 Summary of changesin plot classifications between different aggregate
vegetation classes

New Aggregate Class
Initial Aggregate Class 0 I [ Iv ] v | vV [V A
| Crops'weeds 1 2 | 2 5
Il Tal grass/ herb 1 2 1 3 7
Il Fertilegrasdand 2| 5 7
IV Infertile grassland 3 1 2| 2 8
V Lowland wooded 1 3 4
VI Upland wooded 2 | 6 6 1| 15
VIl Moorland grass/ mosaic 4 2 2 8
VIl Heath / bog 3 3
All classes 1|1 2|11 4)| 8| 7 |10|11]| 3 |57

3.2 Vegetation indices. General consider ations

We have andysed pair-wise combinations of dl years for dl vegetaion indices to tes for sgnificant
differences. In addition to usng data for dl plots combined, we have aso andysed data for each
dte and each vegetation class separatdy, to test whether different processes are operating in
different vegetation types or geographical areas. This has produced alarge number of comparisons
and interpretation needs to take into account the dangers associated with multiple comparisons in
that some apparently significant results would be expected by chance done. As there are
goproximately 140 dte- or vegetation class specific comparisons for each vegetation index,
gpproximately 7 significant results (at the 0.05 level) would be expected for each vegetation index
by chance done. All of the indicators, except the Ellenberg R and W vaues, show consderably
more significant results than this and we can have confidence that there are ed year to year
differences. The data presented are from al plots possible for each comparison. This means that
there are more data for 1998 - 1999 comparisons than in earlier years, however the findings are not
greatly changed by regtricting andysis to plots with 4 years data.

Species number showed the highest year to year variability of the indices, having a coefficient of
variation of 16% compared to 7-9% for CSR radii and 24% for Ellenberg indices (Table 3.2).
Crops Weeds (AC 1) show the largest year to year variation in species number and CSR radii,
followed by fertile grasdands (AC llI), and lowland and upland woodlands (AC V & VI
respectively); the other aggregate classes are more stable.
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Table 3.2 Coefficients of variation (mean / standard deviation) for different vegetation
indices and different vegetation classes

Aggregate Number of [Cradius |Sradius |R radius |Ellenberg |Ellenberg |Ellenberg |Ellenberg
Class species R N W L

| Crops 61.9 25.3 115 12.3 35 3.1 3.1 2.7
/weeds

Il Tal grass 14.9 45 9.2 54 24 3.3 2.8 17
/ herb

Il Fertile 24.8 11.6 9.7 8.1 2.7 3.3 2.9 18
grasdand

IV Infertile 11.3 5 4.4 5 2.3 3.9 2.2 12
grasdand

V Lowland 20.6 8.6 9.9 135 4.1 4.2 3.1 4.7
wooded

VI Upland 17 9.3 9.1 8.7 55 4.9 2 24
wooded

VII Moorland 9.9 4.6 4.3 6.6 3.7 51 25 1
grass/ mosac

VIl Heath 115 45 2.9 2.9 4.5 34 2 16
/ bog

All classes 15.9 8.3 6.7 8.4 35 3.9 2.6 2.2
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3.3 Species number

Taking dl stes and vegetation types together, for the period 1996 - 1999, the mean number of
species per plot pesked in 1997 with amean vaue of 11.5 (Fig. 3.1) and was lowest in 1999 with a
mean of 10.0 pecies per plot. A Smilar pattern was seen a most Stesindividudly. Statistical
andyds of the changes within plots (Mann Whitney U tests or t tests according to whether
digtributions were normal or not) showed that taking dl plots together there were sgnificantly
(p<0.05) fewer species per plot in 1999 compared to 1996, 1997 or 1998 (Table 3.3). The
paticularly large difference between 1999 and 1997 was sgnificant at the P<0.001 level. Looking
a stesindividudly, 7 of the 10 sites showed at least one significant difference between years (Table
3.3). Moor House/ Upper Teesddle was unusud in that it exhibited the reverse pattern to the
overal one, however none of the differences between years were significant (Table 3.3). Inthe
three sites with data from 1994 it can be seen that species numbers were intermediate between the
subsequent maximaand minima.

Taking the aggregate classes separately (Fig. 3.2; Table 3.4), most classes show the generd pattern
of aminimum in 1999 and to alesser extent amaximum in 1997, but sgnificant (p < 0.05)
differences were only found in fertile grasdand (AC I11), lowland wooded (AC V) classes (Table
3.4; Fig. 3.3) and, in one case (1997-99), heath / bog (AC VIII).

Smilar analyss were performed on dl the vegetation indices, but to keep this report concise, only
summary graphs of the type presented in Fig. 3.3 are presented for the other variables. (n.b.
because the gatistica analyssis based on changes within individua plots rather than differencesin
overadl mean numbers - which aso vary according to which plots were included in each yeer - the
differencesin Fig. 3.3 do not dways match up with those implied by Fig. 3.2).
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Fig. 3.1 Mean number of species per plot in successive years acr0ss Sites.
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Fig. 3.2 Mean number of speciesper plot in successive years acr 0ss vegetation classes
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Table 3.3 Year to year comparisons of number of species per plot, by ste. Here and
elsewhere agterisks indicate the degree of sgnificance * p £ 0.05; ** p £ 0.01; *** p £ 0.001.
(because the gatigtica analysis is based on changes within individud plots rather than differencesin
overdl means - which dso vary according to which plots were included in each year - the
differencesin Fig. 3.3 do not aways match up with those implied by Fig. 3.2).

I C = Py
2\ o 8 3-8 & o g g g =
Comparison ol £ 2 8| 8Z| 2| § g 5| 3| o
T = jab) 3l @ o E o 3 2 kY =
o S S c| 2 < 5 a ° 3 3
= = S|l o x ® @
> @ o () o
99-94 -1.75 -1.33 023 -0.84
99-96 029 -275 -007 -225 -020 -208 240 090 -136 008 -051
99-97 033 -180 -170 -140 014 000 110 -220 -150 -0.82 -0.82
o 99-98 050 -131 -064 -025 060 -145 -0.88 -040 -118 033 -045
§ 98-94 0.00 -0.17 120 039
O 98-96 053 -100 057 -200 -080 -082 210 250 -0.18 060 001
§ 98-97 030 010 -040 -120 -043 150 080 -060 -020 -040 -0.13
= 97-94 -0.10 -2.00 1.00 0.00
97-96 070 -110 080 -0.70 -036 -230 130 310 000 073 020
96-94 1.00 0.38 015 050
99-94 1.60 1.63 295 240
§ 99-96 227 205 270 357 335 231 283 137 250 198 293
£ 99-97 324 204 206 212 199 189 281 204 184 194 234
S 99-98 183 263 182 201 214 144 408 290 218 348 262
Sy 98-94 171 133 270 208
g <£% 98-96 205 154 244 461 284 275 213 158 140 207 286
39 98-97 356 335 190 225 301 190 305 201 181 165 255
= 97-94 3.03 2.00 344 315
% 97-96 211 264 148 306 259 258 221 152 200 276 265
& 96-94 1.41 2.29 238 206
99-94 0 12 o0 0 0 6 0 0 0 13 31
99-96 14 12 14 12 25 12 10 10 11 13 133
99-97 9 10 10 10 14 10 10 10 10 11 104
2 99-98 14 13 14 12 25 11 16 15 11 15 146
g 98-94 0 12 o0 0 0 6 0 0 0 10 28
= 98-96 15 12 14 12 25 11 10 10 11 10 130
2 98-97 10 10 10 10 14 10 10 10 10 10 104
2 97-94 0 10 o0 0 0 5 0 0 0o 11 26
97-96 0 10 10 10 14 10 10 10 10 11 105
96-94 0 12 o0 0 0 13 0 0 0 13 38
99-94 *
99_96 *kk * *%* * *
% 99_97 * * *% * *k*k
o 99-98 ok *
s 98-94
8 98-96 * * K*kk
c
8 98-97 *
= 97-94
.(%'; 97_96 * *k%
96-94 *
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Table 3.4 Year to year comparisons of number of species per plot, by aggregate vegetation
class

- «a <
ol 5| 22| 23| <5 =5/ 85 | =
Comparison 3 %_’ — % @ g&: % é % é% % § § QQJ
= 22 2| 25| 2| @28 ©= 5 A
8 3 | a®| as| “3a| “a|l 88| 35| @
| o oo &
99-94 -175 -162 08 014 000 -3.00 -0.84
99-96 -18 -300 -048 024 -013 -028 006 -051
99-97 -157 200 -016 -08 -050 -0.78 -050 -0.82
o 99-98 054 -133 -129 -039 -093 -040 024 -029 -045
§ 98-94 -033 023 18 020 000 -100 0.39
O 98-96 -050 -153 -005 100 027 -052 035 001
§ 98-97 -050 -027 047 -007 020 -08 000 -013
= 97-94 -025 -010 140 -040 200 -500 0.00
97-96 -029 -109 000 100 000 022 010 020
96-94 025 021 233 -014 200 -100 050
99-94 299 126 432 157 2.40
§ 99-96 339 245 440 166 277 303 168 293
£ 99-97 190 205 291 217 306 239 071 234
IS 99-98 564 175 19 300 172 199 237 099 262
§ g 98-94 058 164 39 130 2.08
2 5 98-96 394 295 432 225 269 229 122 286
35 98-97 315 341 263 250 204 283 067 255
= 97-94 465 256 451 089 315
% 97-96 320 28L 392 210 258 207 110 265
o 96-94 222 175 301 146 2.06
99-94 0 4 13 5 7 1 1 0 31
99-96 0 7 15 21 33 15 25 17 133
99-97 0 7 11 19 29 10 18 10 104
2 99-98 13 6 17 23 30 15 25 17 146
,g 98-94 0 3 13 5 5 1 1 0 28
5 98-96 0 6 15 21 31 15 25 17 130
2 98-97 0 6 11 19 30 10 18 10 104
= 97-94 0 4 10 5 5 1 1 0 26
97-96 0 7 11 19 30 10 18 10 105
96-94 0 4 19 6 7 1 1 0 38
99-94 ok
99_96 *k%k *
% 99_97 *% * * *k%
9 99_98 * *% *
S 98-94
8 98-96 *
8 98-97
= 97-94
& 97-96 *
96-94 *
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Fig. 3.3 Changes in number of species per plot in comparisons of different
pairs of vears
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3.4 Plant strategies

There were a variety of ggnificant (p < 0.05) changesin the mean G-, S and R radii a different
gtes and in different vegetation types. Some of the significant relationships are probably one - off
phenomenathat are hard to generdlise about, but patterns can be discerned in the data.

One of the mogt interesting fegtures is that in fertile grasdands (AC I11), R radius was lower in
1999 than in other years, whereas in 1998 it was higher (Fig. 3.6). In contrast C- radius (Fig. 3.4)
showed the opposte trend, being higher in 1999 and lower in 1998. This suggests a decline in
ruderas and / or an increase in competitors between 1998 and 1999. In view of the overdl lower
numbers of species in 1999 (Fig 3.2), a net loss of ruderds is most likedly. There was dso a
ggnificant increase in S radius (Fig. 3.5) in fertile grasdands between 1998 and 1999, which could
aso have resulted from a decline in ruderas. This phenomenon was one of the clearest trendsin the
andyss, S0 we examined it further by looking a changesin individua species in the ten plots of AC
[11 which were recorded in dl years. Table 3.5 shows the results. Whilst there was a diversity of
responses there was indeed a group of rudera species, including for example Cerastium fontanum
(common mouse ear) and Sonchus asper (prickly sow thistle), which were only recorded in the
period 1996 - 1998 and were absent in 1999. There were aso low numbers of the most common
ruderals, Poa annua (annua meadow grass) and Stellaria media (common chickweed) in 1999.
In contrast the most common of the agricultural grasses, Lolium perenne (perennid rye grass) was
consstently present and the second most common in this dataset, Poa trivialis (rough meadow
grass), showed a smdl cecline in 1997 and 1998. Although there is a rdative shift from R to C
drategies between 1998 and 1999, it should be noted that under the terms of the definitions of

Grime e d (1988) the mogst dominant grasses in this habitat actudly show dements of dl three
primary strategies.

Infertile grasdands (IV) showed a sgnificant increase in mean C radius (Fig. 3.4) in 1999 compared
to 1998 and 1996 and significant decrease in S radius (Fig. 3.5) in 1999 compared to 1998 and
1997, which implies a shift in composition away from stress tolerators towards competitors; there
was no sgnificant differencein R- radius (Fig. 3.6).
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Change

Fig. 3.4 Comparison of mean C- radius in different pairs of years across vegetation types
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Change

Fig. 3.5 Comparison of mean S- radiusin different pairs of years across vegetation types
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Fig. 3.6 Comparison of mean R- radiusin different pairs of years across vegetation types
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Table 3.5 Speciesin Fertile Grassand (AC 111) plots for which records are available for all
years, ranked by decreasing R- radius, indicating decreasing ruderal character. The CSR
strategy (Grime 1988) isindicated the C- S- and R- radii (c-rad etc.)

Species C-rad Srad R-rad survey year
1994 1996 1997 1998 1999
Capsella bursa- pastoris 1 1 5 1 1 2
I Poa annua 1 1 5 8 8 5 8 3
g, |selaiama 1 1 5|4 8 5 7 1
>  |Bromushordeaceus 2 1 4 1
S'g  |Ceraium fortanum 2 2 4 1 1
_g § L eontodon autumnalis 2 2 4 1
$ S |Rumexcrispus 2 1 4 1
3 Sonchus asper 2 1 4 1 1
2 Sonchus oleraceus 2 1 4 1
Geranium dissectum 1 2 4 1
Agrodtis capillaris 3 3 3 1
Agrodtis solonifera 3 1 3 7 5 5 2 1
B Cirdum vulgare 3 1 3 1 1
3 Festuca pratensis 3 3 3 1
& Holous lanatus 3 3 3|1
B Lolium perenne 3 2 3 /10 10 10 10 10
-é Lysmachianummularia 3 3 3 1
o) Poa pratensis 3 3 3 1 3 3 2
= Poatrividis 3 2 3|9 9 7 8 9
Ranunculus repens 3 1 3 2
Veronicaavends 1 3 3 1 1
x4 8 Alopecurus pratensi's 4 2 2 1
< & 5 w|Dadtylis glomerata 4 2 2 1 1 1 1 1
£ 26 ®B|yrticadioica 5 1 1 1
M ean number of species 49 56 48 51 3
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3.5 Ellenberg values

Although the magnitude of changes in the Ellenberg number was small, there were some significant
differences, especidly for fertility (N) and light (L) vaues. The mean L vaue of fertile grasdands
(AC 1) was dgnificantly higher in 1999 than al other years (Fig. 3.7), indicating alower degree of
shade tolerance.  This is presumably linked to the increasing C radius and decreasing Rradius
reported above. It is possible that some of the rudera species that were eiminated between 1998
and 1999 had a higher shade tolerance than the agricultural grasses, which dominated these plant
communities. 1t would be unwise to read too much into this as the absolute L values remain typica
of open rather than shady communities and there is little scope for change in this, given that in these
grasdands sward height is kept low by grazing and cutting. Sometrendsin L values also occurred in
the lowland wooded class, with 1999 significantly lower than 1997 and 1998; 1998 was aso lower
than 1997. This is conastent with canopy closure causing more light demanding species to be
shaded out. This would be consistent with a recovery phase after thinning in woodlands, however
dte gpecific data do not gppear to be consgtent with this. For example the non-intervention
woodlands at Rothamsted show this trend as much as the more actively managed woodland at Alice
Holt; Wytham which has a mixture of managed and unmanaged plots shows the reverse trend. As
with the grasdands, the absolute vaues are smdl and it would be unwise to read too much into the
data

N vaues in infertile grasdands (1V) were Sgnificantly higher in 1999 than in 1996, 97 and 98 (Fig.
3.8). Thisislikely to reflect the trend in CSR drategies towards C selected species and away from
S sdected species.  Compstitors in the CSR scheme generdly have a high capacity to take
advantage of high nutrient supplies and grow quickly, whereas stress tolerators are dower growing
and less respongive to nutrients.

Ellenberg R and W scores (Figs. 3.9 and 3.10) showed few gignificant differences between years
and no clear patterns emerged.
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Chanae

Fig. 3.7 Changesin Ellenberg L in comparisons of different pairs of years
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Fig. 3.8 Changesin Ellenberg N in comparisons of different pairs of years

0.60-| | Crops/weeds
O.OOJ T T T T T T T T T ,
-0.60
0.60 Il Tall grassland/herb
0.00 : : : : , Iﬁ_l___'_li_'_lﬁ_'_ﬁ_|
-0.60
0.60 Il Fertile Grassland
0.00
-0.60
0.60 IV Infertile Grassland
’ * * *k
0.00 T T T T T T T T — ]
-
Change g0
0.60 V Lowland wooded
0.00 T T T |:| T s . )
-0.60 *
0.60 VI Upland wooded
0.00 T T T T
-0.60 i
0.60 VIl Moorland grass/mosaic
0.00 L LEmmm— T C— T T—T T — T
*
-0.60

VIIl Heath/bog

0.60 ‘|

0.00

L
* I

-0.60
99-94 99-96 99-97 99-98 98-94 98-96 98-97 97-94 97-96 96-94

Comparison of years

27



Fig. 3.9 Changesin Ellenberg R in comparisons of different pairs of years
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Fig. 3.10 Changesin Ellenberg W in comparisons of different pairs of years
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3.6 Relationshipswith Climate

Five climatic varigbles were studied: mean temperature, mean maximum temperature, mean minimum
temperature, mean 100 mm soil temperature and total precipitation. All of these variables can
influence plant growth, reproduction and germination and are hypothetica explanations for the year
to year differencesin vegetation. Data were amagamated into quarterly and yearly means or totals,
to test the role of timing and duration of climatic conditions. For each vegetation index, relationships
were examined with the dimatic variables for (1) each of the five quarters up to and including the
summer of the survey and for (2) the year ending with the summer of the survey and (3) the year
ending with the spring of the survey year. The results for corrdations with yearly data are shownin
Table 3.6. One example of the correations of a vegetation index, Ellenberg R vaues, with quarterly
climate data is given in Table 3.7 and the complete set of corrdations for quarterly cdimate meansis
givenin Appendix 6.

In dl there were 35 different climatic variables, analysed for each of the eight vegetation indices and
for each aggregate class and for al classes combined, giving a totd of 35*8*9 = 2520
testg/correlations. As in the previous sections it is important to be wary of the dangers of attaching
too much importance to any single rdationship, given so many comparisons. The tota number of
ggnificant (p<0.05) results obtained was 90, well below the 126 (5%) that would be expected by
chance done (if the climate measurements were independent). This suggests that these dimate
variables are unlikely to explain dl the year to year differences in reported in the previous section.
The fact that climate measurements are not independent (e.g. maximum and minimum temperatures
contribute to mean temperature), makes this al the more unlikely, as we would expect to see
clugters of sgnificant rdaionships with dightly different corrdation coefficients.

A few cuders of sgnificant reationships can be discerned in data and these may reflect red
correlaions, but the data do not generdly provide an explanation for the year to year differencesin
vegetation reported above. Fertile grasdands (AC I11) differed significantly, year-to-year, in species
number, C- and R- radius and Ellenberg L vdues. However veary few dgnificant dimetic
relationships were found with these variables. Substantially more were found for Ellenberg R score
and some of the yearly variables were sSgnificant for Ellenberg W and N scores. Infertile grasdands
(AC V) dso showed very few sgnificant climate relaionships in those varigbles with significant year
to year differences.

The Rradius of aggregate class VII (Moorland / grass mosaic) was one of the few instance of a
consstent series of climate relationships. 1t was found to be significantly, negatively correlated with
al measures of temperature (mean, maximum and minimum ar temperature and mean soil
temperature) in the autumn preceding the survey and aso with the minimum temperature in both the
summer of the survey and the preceding summer. It was dso negatively corrdated with rainfal in
the spring preceding the survey. Curioudy there was only one significant difference between years
(1998 was lower than 1997) for R-radius in this vegetation class. Ellenberg W score in this
vegetation class was dso sgnificantly corrdated with temperature and maximum temperature in the
year up to and including the summer of survey; it could dso be rdated to ranfdl in the year
preceding the summer of survey.
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Table 3.6 Correlation coefficients (r) between vegetation indices and aspects of climatein
the preceding year - including and excluding the summer of survey. Significant (p<0.05)

resultsareindicated by shading.

(a) Number of Species

agor egate class

I i1 1v v Vi VIl VIII All
Temperatureincluding summer of survey -080 032 -007 049 018 052 023 007 -017
Temperatureexcluding summer of survey -059 010 -002 018 025 004 029 018 o021
100 mm soil temp. incl. summer of survey -039 -014 007 038 005 012 027 004 -015
100 mm soil temp. excl. summer of survey -017 -005 -027 003 034 018 039 012 -004
M ean maximum temp incl. summer of survey -083 038 003 057 021 055 031 026 006
M ean maximum temp excl. summer of survey -059 009 004 015 023 -005 027 029 032
M ean minimum temp incl. summer of survey -069 022 -018 031 011 041 015 -013]-039
M ean minimum temp excl. summer of survey -061 012 -013 021 025 028 025 -002 007
Rainfall incl. summer of survey -007 -002 -001 -022 045 -039 -002 -017 -019
Rainfall excl. summer of survey 023 000 -001 -002 048 -019 021 003 -0.13
(b) C- radius agor egate class

I i1 1v v Vi VIl VIII All
Temperaturein year to summer of survey -047 -007 -022 -003 036 002 001 -038 -033
Temp. inyear preceding summer of survey -004 -001 -024 -002 -025 012 -007 -032 -001
100mm soil temp, yr to summer of survey -022 -011 -059 -019 022 -018 001 -057 -031
100mm soil temp, yr preceding summer of survey | 004 -031 -060 015 023 -017 -010 -048 -019
M ean maximum temp yr to summer of survey -053 -002 -026 -009 021 -010 -008 -037 -0.30
M ean max. temp yr preceding summer of survey | -0.08 000 -024 -002 -032 007 -009 -026 0.01
M ean minimum temp yr to summer of survey -042 -013 -024 005 047 009 009 -027 -038
Mean min. temp yr preceding summer of survey | -006 -005 -029 002 -013 014 -005 -038 -008
Rainfall yr to summer of survey -014 010 003 007 052 013 -006 003 -008
Rainfall yr preceding summer of survey 000 020 018 002 048 015 -017 -009 0.06
(c) Sradius agor egate class

I i1 1v v Vi VIl VIII All
Temperaturein year to summer of survey -010 017 012 009 -012 -007 049 050 -033
Temp. inyear preceding summer of survey 006 004 011 029 015 001 011 o031 -001
100mm soil temp, yr to summer of survey -015 043 -022 016 006 011 059 059 -009
100mm soil temp, yr preceding summer of survey | 030 | -054 -022 -006 -004 012 043 050 -005
M ean maximum temp yr to summer of survey -018 019 003 015 000 005 04 047 -024
Mean max. temp yr preceding summer of survey | 003 002 008 028 017 008 003 023 004
M ean minimum temp yr to summer of survey -005 012 009 -001 -020 -015 051 041 -039
Mean min. temp yr precedingsummer of survey | 008 005 006 026 012 -008 021 044 -009
Rainfall yr to summer of survey 044 010 025 -012 -038 -012 034 002 -022
Rainfall yr preceding summer of survey 057 005 029 000 -039 -019 032 018 -012
(d) R- radius agor egate class

I i1 1v v Vi VIl VIII All
Temperaturein year to summer of survey 001 008 014 005 039 016 -040 -021 029
Temp. in year preceding summer of survey -007 013 023 015 -008 -017 -003 005 o001
100mm soil temp, yr to summer of survey -001 012 045 004 -017 016 | -067 -015 021
100mm soil temp, yr preceding summer of survey | -020 034 048 -014 -011 023 -046 -008 011
M ean maximum temp yr to summer of survey 004 009 019 017 -039 014 -029 -012 026
Mean max. temp yr preceding summer of survey | -001 015 024 019 000 -022 006 013 0.00
M ean minimum temp yr to summer of survey -001 007 016 -010 -034 019 -049 -029 034
Mean min. temp yr preceding summer of survey | -008 013 028 006 -017 -002 -016 -011 0.06
Rainfall yr to summer of survey -014 -022 -009 002 -012 016 -030 -016 019
Rainfall yr preceding summer of survey 016 -027 -022 008 -007 025 -009 -016 0.07
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Table 3.6 contd.

(e) Ellenberg L score

agor egate class

I i1 1v v Vi VIl VIII All
Temperaturein year to summer of survey -008 010 -008 015 002 031 006 -003 035
Temp. in year preceding summer of survey -059 -016 -006 -008 048 002 036 018 031
100mm soil temp, yr to summer of survey 016 009 -026 014 016 001 003 013 020
100mm soil temp, yr preceding summer of survey | -065 022 -031 -009 002 010 026 024 009
M ean maximum temp yr to summer of survey 009 004 022 022 023 023 02 010 035
Mean max. temp yr preceding summer of survey | -052 -017 -013 -004 053 -010 037 042 030
M ean minimum temp yr to summer of survey -011 021 002 008 -021 031 -008 -013 029
Mean min. temp yr preceding summer of survey | -062 -010 -001 -013 037 019 033 -013 031
Rainfall yr to summer of survey -062 -014 000 012 -025 -007 -011 041 014
Rainfall yr preceding summer of survey -083 -009 015 016 -018 017 016 037 008
(f) Ellenberg N score aggr egate class

I i1 1v v Vi VIl VIII All
Temperaturein year to summer of survey 073 -016 -035 -011 -013 019 -035 -013 0.02
Temp. inyear preceding summer of survey 020 -009 -024 -027 -030 -030 014 -017 -036
100mm soil temp, yr to summer of survey 032 034 000 -003 -025 009 -045 -006 -006
100mm soil temp, yr preceding summer of survey | 027 045 027 021 -023 -009 -016 -0.17 -018
M ean maximum temp yr to summer of survey 066 -019 -019 -015 -027 014 -028 001 -003
Mean max. temp yr preceding summer of survey | 010 -005 -002 -026 -032 -031 019 -008 -0.36
M ean minimum temp yr to summer of survey 077 -008 -034 -002 -001 025 -037 -026 012
Mean min. temp yr preceding summer of survey | 034 -011 -020 -022 -031 -025 006 -024 -031
Rainfall yr to summer of survey 031 -007 050 002 029 021 -036 -039 0.09
Rainfall yr preceding summer of survey -002 -015 -063 001 034 008 -024 -039 004
(9) Ellenberg R score aggr egate class

I i1 1v v Vi VIl VIII All
Temperaturein year to summer of survey 002 016 -053 004 -005 036 000 000 o004
Temp. inyear preceding summer of survey 036 -004 -008 -020 -030 -009 008 -025 -008
100mm soil temp, yr to summer of survey -004 029  -055 002 -009 004 -010 019 -012
100mm soil temp, yr preceding summer of survey | 039 036 -047 004 -019 000 -002 -003 -025
M ean maximum temp yr to summer of survey 003 017 -037 003 -020 041 000 012 005
Mean max. temp yr preceding summer of survey | 037 -001 002 -019 -031 -014 006 -018 -008
M ean minimum temp yr to summer of survey -005 018 | -061 008 007 024 002 -008 004
Mean min. temp yr preceding summer of survey | 031 -001 -018 -015 -031 004 021 -019 -006
Rainfall yr to summer of survey 039 -017 -063 000 043 -023 -037 -031 -006
Rainfall yr preceding summer of survey 013 -029 -052 -003 043 -001 -032 -032 -013
(h) Ellenberg W score aggr egate class

I i1 1v v Vi VIl VIII All
Temperaturein year to summer of survey -011 -005 -025 -024 022 003 | 05 -002 -025
Temp. inyear preceding summer of survey 000 013  -061 -032 -008 -005 012 -029 -0.09
100mm soil temp, yr to summer of survey -018 021 020 -028 021 -023 049 -004 -0.16
100mm soil temp, yr preceding summer of survey | 023 004 -021 -004 028 -016 030 -003 -0.01
Mean maximum temp yr to summer of survey -030 003 -031 -030 014 002 | 057 004 -019
Mean max. temp yr preceding summer of survey | -0.10 0.16 ' -063 -029 -014 -010 007 -018 -0.07
Mean minimum temp yr to summer of survey 004 -015 -019 -013 030 -001 047 000 -032
Mean min. temp yr preceding summer of survey | 011 009 ' -059 -033 003 -001 018 -026 -013
Rainfall yr to summer of survey 018 -005 032 023 034 014 033 021 002
Rainfall yr preceding summer of survey 064 011 030 006 027 033 068 024 024
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Table 3.7 Correlations (r) between Ellenberg R score and climate in 3 month periods.
Previous summer is the period June - August of the year before the survey. Autumn is
September - November, Winter is December - February, Spring is March - May and
survey summer is June - August in the period the survey took place. Significant (p<0.05)
results are indicated by shading. Other variables analysed on this basis are given in

Appendix 6

agor egate class

Ll e v ] v | v [ v fvin] Al
Temperatur e previous Summer -035 014 012 016 021 050 -034 032 020
Temperature Autumn -040 -012 -019 -003 012 034 -044 011 009
Temperature Winter 018 019 -063 005 002 006 012 -012 -003
Temperature Spring 034 023 -008 -016 -042 -029 042 -022 -0.16
Temperature survey Summer -002 -006 058 -002 -008 000 -012 -007 -004
100 mm Soil temp. previous Summer -042 -031 014 012 037 052 -045 043 013
100 mm Soil temp. Autumn -045 004 -043 004 008 019 -042 029 -010
100 mm Soil temp. Winter 037 027 -065 010 -001 005 -013 005 -006
100 mm Soil temp. Spring 046 019 -025 -010 -027 -012 031 -012 -0.16
100 mm Soil temp. survey Summer 017 -034 003 003 005 009 -005 -027 -011
M ean maximum temp. previous Summer -028 -017 027 012 012 045 -032 033 019
M ean maximum temp. Autumn -036 -004 -014 003 009 030 -050 024 004
Mean maximum temp. Winter 013 020  -063 005 003 003 018 -009 -002
Mean maximum temp. Spring 045 020 001 -013 -050 -022 036 -018 -013
M ean maximum temp. survey Summer -011 -008 052 001 022 -005 -023 -010 004
Mean minimum temp. previous Summer -031 003 -025 016 027 041 -026 028 016
Mean minimum temp. Autumn -053 -014 -024 -003 020 033 -040 002 015
M ean minimum temp. Winter 020 0315 -065 010 -001 017 011 -013 -001
Mean minimum temp. Spring 018 028 -023 -011 -025 -034 046 -025 -00
Mean minimum temp. survey Summer 014 003 041 -004 -049 019 025 009 -0.08
Rainfall previous Summer 026 030 -055 005 -011 -023 000 -014 -002
Rainfall Autumn 041 -030 -033 005 031 -014 -043 -042 -003
Rainfall Winter 015 -047 -014 008 05 024 -036 -019 000
Rainfall Spring -017 -006 -044 -017 029 -021 -013 000 -0.10
Rainfall survey Summer -001 020 -009 -002 -05 032 039 009 -016
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4. Discussion of results

The results clearly show that vegetation did vary sgnificantly from year to year and this variation was
subgtantial in some vegetation types. This is an important finding, as it has not, to our knowledge,
been investigated before across such a wide range of Sites and vegetation types. This study is dso
unusua in that we have used smple species presence / absence data at the plot level, which would
be expected to be more stable than cover estimates or frequency measures within plots. There were
differences between vegetation types and between gStes, differences between stes largely relecting
which vegetation types present at each.

The classfication of a high proportion of the plots changed between years. Vegetation shows a
continuous range of variation so it is not unexpected that the presence or absence of one or two
gpecies may be dl that is required to move some plots from one class to another. However, some
classes are more prone to change than others, so for example, AC VI, Upland Wooded can grade
into either Lowland Wooded (AC V) or Moorland grass / mosaics (AC VII) under different
circumstances. Other classes such as Crop/ Weed (AC 1) or heath / bog (AC VIII) have a more
digtinctive set of species and S0 are less sengitive to smal changes in vegetation compaosition.

The leved of variability of the vegetation indices within vegetation classes tends to pardld the degree
of disturbance. Thus the most disturbed sites, the arable ones (AC | crops/ weeds), show the
greatest variability for dl of the vegetation indices; this is not surprising as cultivation alows a new
gpecies assemblage to develop each year. The differences between years, athough large, tended
not to be significant in AC I, because of large fidd to fidd variability. The fertile grasdands (AC II1)
are aso rdatively variable. They are not disturbed to the same degree as arable land but regular
cutting or close grazing prevents a dense canopy persisting and poaching by livestock and vehicle
tracks aso create gaps in the sward. The number of species in these grasdands is small, so the
presence or absence of a few weed species colonising short-term gaps may have ardatively large
impact on the vegetation indices. Thisis especidly true snce our andysis (like most of those of the
Countryside Surveys) was based on presence / absence rather than any measure of abundance
within plots.

The changes in C and R radii suggest that the decrease in species rumbersin fertile grasdands(AC
[11) between gpproximately 1997 and 1999 reflect a shifting balance between ruderal species and
the more competitive grasses, which dominate these grasdands, of which Lolium perenne is
particularly important. This may be explained if gaps (which can be colonised by ruderas) were
more common in the middle of the 1990s and closed over in later years. This may in turn reflect a
recovery of soil water contents after the drought of 1995 and subsequent years. (Soil water content
only returned to pre-drought levels in the summer of 1997 at Wytham; Morecroft et al., 2000). In
other studies (Morecroft et al. in press), an increased frequency of annuads was found within
grasdand plots a Drayton and Wytham in 1996 compared to 1994. It is notable that the biggest
changes were found in 1999 following a very wet summer in 1998 and where records are available
(Table 3.5) there do seem to have been fewer rudera weeds in 1994 before the drought than 1996-
1998, after it.

Infertile Gasdands (Aggregate Class 1V) and tdl herb / grasdands (Aggregate Class Il) are less
variable than the Fertile Grasdands, but differences between years were nevertheless detected. In
paticular a shift towards competitors and higher Ellenberg fertility values does seem to have taken
place in Infertile Grasdands in 1999 compared to other years. Unlike the Fertile Grasdands, the
shift was away from dress tolerators rather than ruderds. This may be climaticaly related, but it is
notable that this dhange paralels those found between the 1978 and 1990 Countryside Surveys,
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which are best explained by increasing eutrophication (Bunce et al. 1999); this trend has also been
continued between 1990 and 1998 (Haines - Young et al., 2000). Fertiliser gpplications to these
types of grasdands are not likely to be a widespread factor at the ECN sites, but atmospheric
nitrogen deposition levels continue to be high acrass the country.

Woodlands of both 'upland’ and ‘lowland' types (aggregate classes V and V1) can be quite varigble
and some ggnificant differences were found. Much of this varigbility is intringc to the sysem:
woodland management causes dramatic changes in the physical environment of ground vegetation,
but it is patchy and takes place at long time intervals, even in an unmanaged woodland, periodic tree
fdl can have smilar effects. These processes are not synchronised across the ECN Stes so it is
surprising that sgnificant year to year differences were found.

The predominantly upland vegetation types, VIl and VI, are relatively stable year-to-year. These
sorts of vegetation are subject to little disturbance and maintain a close cover of dress tolerant
gpecies. Even where gaps do occur, a relatively smal number of species adapted to what are
typicaly damp, acidic conditions, can colonise them.

The most likely cause of year-to-year variations in vegetation across the range of dtesin thisstudy is
differences in the westher, given that were few other large scale perturbations which affected dl

dgtes. However, rdatively few correations with meteorological varigbles were found and those
which were do not explain the most Sgnificant year to year changes. It is possble that climateis not
the cause of the observed year to year fluctuationsin vegetation indices, but it is hard to suggest any
convincing dterndtive explanation. It is likdy that the time series we currently have available are
samply not long enough to ensure the detection of diméaic effects. We only have four years
continuous run of dataa most (for some plots only two years) which isavery smal number of cases
with which to identify a rdaionship, and does not dlow different combinations of meteorologica

conditions to be investigated. Climatic variables are dso measured for each Site as awhole and so
must be related to summaries of the vegetation indices for each Ste; the power of detection is
therefore lower than for tests gpplied & the plot leve. It isaso likely that some climatic effects are
complex, invalving for example, long time lags, nonlinear responses or interactions between
varidbles. Here again longer data runs would be needed to adlow for detalled analyss. As
discussed above, the dry conditions between 1995 and 1997 are likely to have been important, but
we have too few data from 1994 to be able generalise across dl sites and vegetation types.
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5. Implicationsfor Countryside Surveys

These results show that the Countryside Survey results must incorporate an element caused by year
to year varidions in vegetation, but how large is this dement? Because we do not have annudly
recorded data going back to 1990 we cannot say for sure, but we can illustrate the potential scale of
the problem. In this section we do this by comparing changes between 1990 and 1998, with those
between 1998 and 1999 (the two years with most comprehensive coverage), expressng the
changes as percentages.

5.1 Changesin aggr egate vegetation class classification

Overdl (dl plot types), 30% of plots changed aggregate vegetation class between 1990 and 1998
(unpublished CS2000 data); the equivaent figure for 1978 - 1990 was 38% (From Bunce et al.,
1999, Annex 15a). Between 1998 and 1999, 12% of plots changed classification. Onthisbasis
we might suggest that, about athird of the changes in aggregate classes between 1990 and 1998
could be the result of annua fluctuations, assuming the changes between 1998 and 1999 are typical
(see section 2). It isimportant however to ook at the data for each vegetation class separately.

Fig. 5.1 istaken from the main CS2000 report (Haines-Young et al., 2000) summarises net
changes between aggregate classes for 1990 to 1998. Table 5.1 gives acomplete matrix of change.
Brief comments on potentia impact of interannua varigbility for each of the aggregete vegetation
cassesaregivenin Table 5.2

Figure5.1
Net movement of CS plots between aggregate
vegetation classes from 1990 to 1998; GB all plots
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Table 5.1 Changesin CS2000 plot classification between aggr egate vegetation classes.
Data arefrom all plot typesand all of Great Britain. Significant (p<0.05) differencesare
shown shaded

98/9

1 2 3 4 5 6 7 8
1l 287 60 94 7 5 453
2| 301453 206 90 264 24 1 1{2069
3| 73 296 860 227 6 5 2 1469
90 4 8 183 2501356 12 77 76 1962
5 4 168 4 15 694 31 916
6 36 6 61 47 375 65 10/ 600
7 1 7 81 77 879 80/1125
8 1 1 15 124 727 868

402 2198 1427 1838 1028 604 1147 818
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Class| Crops/weeds. Interchange with classes|l and I11 can occur on ayearly basisin the
normal course of agricultura practice.

Classll Tall grass/ herbs. We havetoo few datafrom the ECN work to make firm statements;,
further work isrequired. This should be apriority as AC Il was one of the more changeable classes
in CS2000 results.

Classlll Fertilegrassands. Transfers between AC 111 and AC Il were found in both 1990 -
1998 and inter-annual results (Fig. 5.1; Table 3.1) and an impact of year to year fluctuationsin
factors such as climate is likely. However, there was no evidence of a congstent change in plot
classfication from AC 111 to AC 11, as was found between 1990 and 1998, in or around 1998: the
detected trend islikely to be longer term. Changesto lowland wooded vegetation (AC V) between
1990 and 1998 are not likely to be short-term fluctuations.

Class|V Infertilegrassand. Between 1990 and 1998, this class showed losses to and gains
from severa other classes, with ardatively large number of plots changing from ACIV to ACII.
Module 10 reveded interchanges with classes I, 111, VI and VII; with some plots changing in and
out of ACIV (Appendix 5) and it is possible that year-to-year variability is having some influence on
the results for this vegetation class, though it is not likely to be the main explanation of 1990 - 1998
changes.

ClassV Lowland wooded. Between 1990 and 1998 there were large net gainsto this group from
ACII (mostly in hedgerows) and smdl net lossesto ACIV. In Module 10 this class was found to be
relaively stable with respect to these groups and there is no reason to suspect a mgjor influence of
climate on the 1990 - 1998 results.

Class VI Upland Wooded. This vegetation class was found to change in Module 10 results with
particularly frequent transfersto AC 'V and AC VII. An influence of year to year changes reflecting
forestry work and bracken management as well as climate maybe influencing the main survey results,
though rdatively few major shifts were detected in CS2000. This group did show large changes
between 1978 and 1990 and there is no reason to suppose this was not genuine.

Class VIl Moorland grass/ mosaic. The man survey found relative stability in this group,
though there were transfersto AC VI and AC V. Year to year variability between these classes
and AC VII was found and may be responsible for producing or concedling some trends in the
larger survey.

ClassVIII, Heath / bog. Thiswasadable classfication in Module 10 results, but it was possible

for plots to move between AC VIl and AC VIII in both directions giving some cause for concern
about at least the magnitude of the detected shift from AC VIII to AC VII in CS2000.
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5.2 Changesin vegetation indices

Figs. 5.2 - 5.4 put Sde by side the percentage changes in vegetation indices between 1990 and
1998 and the 1998 - 1999 vegetation index changes reported here. Changesin these indices
appear to be less robust to annual fluctuations than changes in plot classfication. For al indices, the
percentage changes between 1998 and 1999 are of smilar magnitude to those between 1990 and
1998 and in many cases are actudly larger. This greater sengitivity, compared to changesin
classfication, is not unexpected as these comparisons are based on plots that have not changed
classfication so tend to reflect smaler changesin vegetation. 1t should aso be noted that because of
the smaller sample size we would expect greeter variation in means for annua data than the main
survey. However, if thiswere amgor factor and there were fewer red differences between 1998
and 1999 than between 1990 and 1998, we would expect fewer significant differencesto be
detected in the 1998-99 comparison than for 1990-98. In fact there were 15 sgnificant differences
for the 1990-98 comparisons and 14 for the 1998-99 comparisons (in both cases out of atotd of
64 tests), suggesting thisis not the case.

In many cases the direction of the change between 1998 and 1999 was the same as between 1990
and 1998 and may represent an ongoing trend. The increase in mean Ellenberg numbersin infertile
grasdand and moorland / grass mosaic is a good example where this may well be the case. Thisis
not universaly true however and the smilarity in magnitude of the differences over one year and
eight yearsis a cause for some concern. It would certainly be wise to exercise caution in interpreting
changesin AC | and ACIIl. ACIl isdso likely to show annud variability but, as with plot
classification, we have too few data to comment properly on this.

Fig. 5.2 Comparison of changesin number of speciesper plot between 1990 and 1998 in
CS2000 data and between 1998 and 1999 in ECN annual data. Data are expressed as

per centages of the starting value. Error barsfor ECN annual data are standard errors.

Significant differences (p<0.05) areindicated by an asterisk (*).
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Fig. 5.3 Comparison of changesin CSR radii between 1990 and 1998 in CS2000 data and
between 1998 and 1999 in ECN annual data. Data are expressed as per centages of the
garting value. Error barsfor ECN annual data represent ssandard errors. Significant
differences (p<0.05) areindicated by an asterisk (*).
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Fig. 5.4 Comparison of changesin Ellenberg indicesbetween 1990 and 1998 in CS2000
data and between 1998 and 1999 in ECN annual data. Data are expressed as per centages
of the starting value. Error barsfor ECN annual data are standard errors.

Significant differences (p<0.05) areindicated by an asterisk (*).
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Would CS2000 results have been different if the main survey had been carried out in the years
immediately before or after 1998? Because the direction of change was smilar between 1998 -
1999 as between 1990 - 1998, the basic finding are unlikely to have been affected by carrying out
the al of the survey in 1999. However, the magnitude of some changes are likely to have been quite
different if the main survey was carried out in 1999 and this could have atered the Setitical
sgnificance of someresults. The relative ingtability of fertile grasdands has aready been noted and it
isinteregting that amgor declinein their biodiveraty may have been detected by 21999 main
survey, which could not truly be regarded as along-term change. In generd, our results suggest that
most changes would have been detected more strongly in 1999 than 1998 and this needs to be
borne in mind in further anadlyss of the main survey data when comparing data collected in both

1998 and 1999. A 1997 survey would probably aso have produced alargely smilar pattern of
results to 1998, but again it would be unwise to assume that smilar magnitudes of change would be
found.
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6. Recommendations

We have detected year to year changes in vegetation and shown that they are large enough to
influence the results of the Countryside Surveys. However, we have not been able to establish
correlations with climate or accurately quantify the impact, amost certainly because we do not have
along enough time series. It is therefore essentid that annuad monitoring of vegetation continues, if it
isto be possible to make alowances for weather conditions in interpreting the results of future large-
scae, but intermittent, monitoring exercises. Thisisdl the more important in the context of climate
change as periods of extreme weather such as droughts will probably become more frequent (Hulme
& Jenkins, 1998). Y early vegetation monitoring would aso add to our understanding of the
mechanisms underlying vegetation changes.

Is ECN monitoring a suitable basis for such astudy? The fact that we could detect sgnificant
differences between years and discriminate between different vegetation types shows that the
method used wasfit for itsintended purpose. Further information on the impact of different plot
designs would however be useful when comparing between methodologies. The very detailed
information available for each ECN site makes these Sites particularly well suited for an ongoing
study of annual vegetation changes. We have made extensve use of climate data, but information on
s0il type, hydrology and animal populations could al be invauable for interpreting vegetation data
Large-scae changes in management are unusua at most ECN stes and where management
practices do change, records are normally kept. This means that in some respects ECN plots can
act as'controls againgt which to judge land use change in the wider countryside. Personal contact is
often important in understanding Site - specific changes and locally based ECN Ste managers can
normaly answer detailed questions about Ste history and management. Future analysis should take
advantage of this wedlth of background knowledge to gain afuller understanding of the processes
taking place at the plot scale. This study aso benefited from using localy based st&ff to locate and
mark permanent plotsin advance of the surveyors vidts. Further advantages of using ECN sitesfor
astudy of this sort include the wide geographica range of locations and the existing time series for
vegetation data, which this project has contributed to. Annua vegetation monitoring would also add
vaue to ECN monitoring itsdf.

The low number of plotsin aggregate vegetation class 11 is a cause of concern asit makesit unlikely
that significant differences or relationships to climate will be detected. Any future recording
programme should aim to establish new plots, perhaps aong linear features, to address this deficit.
It would also be ussful to bring in the more recently designated ECN sSitesin Snowdonia and the
Cairngorms, which would improve coverage a the upper end of the range of dtitudes. A further
study to compare results between ECN and Countryside survey types of plotsisdesrable. This
could be done rdatively easly by superimposing a Countryside Survey design plot onto each ECN
plot and recording both for afew years.

We would therefore recommend that the current monitoring programme be continued and extended
in the fallowing ways

1. Continue monitoring of plots that were recorded in 1998 and 1999 up to at least the next main
Countryside Survey and preferably indefinitely.

2. Devdop andysis further to better understand processes and eventudly enable the effects of
climate on inter-annua variability in vegetation to be modeled.

3. Set up additional - probably linear - plotsin vegetation of aggregate class |

4. Include plots from the ECN stes a Snowdonia and Cairngorm.

5. Record vegetation in asample of plots usng Countryside Survey and ECN methods.
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Appendix 1 Protocol for setting up arable vegetation plots- instructions sent to ECN site
managers

ECN Annual Vegetation Recording Project 1998
Protocol for establishment of fine grain monitoring plots on arable land.

We have been asked to include arable plots in this assessment in order to help interpret results from
the Countryside Survey. This protocol has been drawn up to ensure compatibility with this
methodology aswell as ECN, hence for example, plots are established at the edge of fields.

Five plots should be established on arable land at each suitable ECN ste. Plots should include a
range of cropstypica of the Site, but not grass leys, extreme experimenta trestments, or unorthodox
crops, plots should normaly bein different fields. Once afield has been chosen arandom point
aong its boundary should be sdlected. The plot should be located such that the nearest corner is6
m from this point on the boundary, where a permanent marker should be placed (Fig. 1). The
nearest corner should be due North, South, East or West of the boundary point. A second marker
should be placed in the boundary due North, South, East or West of the second closest corner and
the distance between the marker and plot corner recorded. Which corner (NE, SE, SW, NW) is
closest to each permanent marker should aso be noted, together with the location of the marker
with respect to an easly identified landmark (e.g. gate, building, tree). Plot information (grid
reference etc.) for arable plots should be recorded in the same way as for other ECN plots.

Figure 1. Diagram toillustrate postion of plot relative to field boundary

record this
10m distance
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O Fine grain
monitaring 10m
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Because herbicide usage will affect which arable weeds are present, records of herbicide treatment
should be kept (see Table 1). It would be helpful to have records from the present growing season
onwards.

Table1 EXAMPLE PROFORMA FOR USE IN ARABLE CROPS

HERBICIDE USAGE RECORD

ECN SITE FIELD NAME/No.
RECORDER CROP VARIETY DATE SOWN
DATE PRODUCT Activeingredient Rate per ha

Thiswork will be repesated next year using the same permanent plots. It is possible that the
monitoring may be continued in subsequent years. Inevitably crops will vary from year to year and
thiswill confound interpretation of results; in the long term this should become less important as
crops return to the origina fields. In the short term extra plots may be established next year in order
to track trends in common crops such as whest.
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Appendix 2 Summary of vegetation monitoring plotsin the Countryside Survey.

Name Areaand L ocation Yearsfor which
shape comparisons can be
made
Main 200 n? square | random but not on 1978, 1990, 1998
linear features
Habitat 4 nt square random from semi- 1990, 1998
natural habitats not
included in main plots
Boundary 10x Imlinear | nearest field boundary | 1990, 1998
to main plot
Hedge 10x Imlinear | random 1978, 1990, 1998
Streamside 10x Imlinear | random + selected 1978, 1990, 1998
Roadside 10x Imlinear | random + selected 1978, 1990, 1998
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Appendix 3 Surveyorsused to collect data used in analyses present here. P. Wilson
(Wessex Environmental Associates) on some occasions worked with M. Read, who was
responsible for some of the identifications (Specific surveyors are recorded for each plot).

Site 1994 1996 1997 1998 1999
Alice Holt - M.Bracken P. Wilson P. Wilson P. Wilson
Drayton S. Corbett S. Corbett P. Wilson P. Wilson P. Wilson
Glensaugh - D. Henderson G. Common D. MacCutcheon | D. MacCutcheon
Hil Iéaorough - R.Anderson/ P. Wilson P. Wilson P. Wilson

N.McDowell/

F.Mulholland
M oorhouse- - D. MacCutcheon | G. Common D. MacCutcheon | D. MacCutcheon
Upper
Teesdde
North Wyke E. Sothern E. Sothern P. Wilson P. Wilson P. Wilson
Porton - P. Wilson P. Wilson P. Wilson D. MacCutcheon
Rothamsted - C. Halam P. Wilson P. Wilson P. Wilson
Sourhope - G. Common G. Common D. MacCutcheon | D. MacCutcheon
Wytham M. Morecroft/ M. Morecroft P. Wilson P. Wilson P. Wilson

C. Walls
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Appendix 4 Number of plots at each sSte used in analyses and length of period of
observation

Number of years of observation
Site 2 3 4 5 Tota
Alice Holt 6 9 15
Drayton 1 2 10 13
Glensaugh 4 10 14
Hillsborough 2 10 12
Moor House/Upper Teedale 11 14 25
North Wyke 8 6 5 19
Porton 6 10 16
Rothamsted 5 10 15
Sourhope 1 10 11
Wytham 5 2 1 10 18
Total 25 26 82 25 158
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Appendix 5 Plotswhich changed aggr egate vegetation class.

Site

Plot
no.

aggregate classin each year surveyed

1994 1996 1997 1998 1999

Alice Holt
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449

(o3}

6

ol
(o]

Drayton

393
629
745
746

W www
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*0 represents a plot which could not be classified under the CVS.

52




Appendix 6 Correlations between quarterly climate data and vegetation indices. Explandtionin

Table3.11

(a) number of species

aggr egate class

1 | 2] 3] 4] 56| 7] 8]Al

Temperature previous Summer -027 003 030 023 -025 034 003 014 015
Temperature Autumn -034 021 004 018 -018 032 -019 -023 -011
Temperature Winter 042 016 -026 024 031 021 018 -004 -033
Temperature Spring -040 022 -015 014 037 -003 033 020 010
Temperature survey Summer 058 -013 001 -010 002 -024 014 029 0.19
100 mm Soil temp. previous Summer -024 -019 070 057 -020 031 -032 004 020
100 mm Soil temp. Autumn -056 -024 -012 010 -004 015 -002 -012 -018
100 mm Soil temp. Winter -051 -012 -032 025 -009 021 -005 -011 -043
100 mm Soil temp. Spring -026 036 -016 016 057 014 040 025 016
100 mm Soil temp. survey Summer 077 -015 002 -015 007 -022 050 024 015
M ean maximum temp. previous Summer -020 -004 031 019 -028 029 -003 017 026
Mean maximum temp. Autumn -037 025 011 024 -009 030 -013 -008 -0.05
Mean maximum temp. Winter -045 016 -023 024 032 018 023 -003 -033
Mean maximum temp. Spring -041 025 -012 016 029 -002 031 028 025
M ean maximum temp. survey Summer 078 -022 011 -019 -013 -039 003 020 012
Mean minimum temp. previous Summer -050 005 015 023 -015 032 023 011 -013
Mean minimum temp. Autumn -011 019 -001 011 -022 030 -0 -035 -020
Mean minimum temp. Winter -042 018 -030 023 027 033 014 -007 -031
Mean minimum temp. Spring -032 011 -028 007 037 -002 028 000 -019
Mean minimum temp. survey Summer -018 013 -016 009 019 028 031 043 034
Rainfall previous Summer -057 016 -030 -005 027 -005 001 -019 -022
Rainfall Autumn 065 -004 -004 -033 003 -041 -007 -010 -014
Rainfall Winter 068 -036 026 005 040 -010 010 010 006
Rainfall Spring -054 015 006 003 053 002 -011 -033 -019
Rainfall survey Summer -021 018 -038 044 023 058 051 038 013
(b) C- radius aggr egate class
1| 2 3] 4|56 ]| 7] 8]al

Temperatur e previous Summer -021 038 009 -017 008 -049 -023 -009 -0.17
Temperature Autumn -021 032 -007 -025 009 -034 -010 -0.07 -0.22
Temperature Winter -029 -030 -022 016 045 016 010 -035 -027
Temperature Spring -013 -027 -038 005 -010 038 005 -011 0.00
Temper atur e survey Summer 038 002 044 002 -033 -001 013 015 04
100 mm Soil temp. previous Summer -029 049 035 -034 008 -049 -004 -039 003
100 mm Soil temp. Autumn 004 -008 -029 -003 033 -037 -014 -045 -0.26
100 mm Soil temp. Winter -035 -022 -035 008 033 006 -014 -057 -0.39
100 mm Soil temp. Spring -022 -024 -047 010 023 032 005 -015 0.06
100 mm Soil temp. survey Summer 044 023 029 015 -028 -008 -007 012 045
M ean maximum temp. previous Summer -014 039 011 -018 -010 -047 -022 -005 -0.08
Mean maximum temp. Autumn -043 027 -012 -029 018 -031 -013 -001 -0.26
Mean maximum temp. Winter -033 -029 -020 015 049 016 010 -033 -0.26
Mean maximum temp. Spring -004 -024 -035 004 -029 032 -001 -013 006
M ean maximum temp. survey Summer 037 007 057 003 -020 -006 018 016 041
Mean minimum temp. previous Summer -038 023 -013 -013 040 -040 -021 0.06 | -040
Mean minimum temp. Autumn 012 027 -002 -021 012 -030 -002 -013 -021
Mean minimum temp. Winter -026 -030 -029 018 043 007 009 -034 -031
Mean minimum temp. Spring -018 -028 -043 009 017 036 011 -006 -015
Mean minimum temp. survey Summer 005 -008 001 000 -037 009 -005 000 039
Rainfall previous Summer -036 -034 -038 011 036 018 -012 -012 -0.28
Rainfall Autumn 053 022 022 008 006 011 011 025 009
Rainfall Winter 033 050 024 005 026 -030 000 -029 008
Rainfall Spring -061 -004 -011 -008 060 030 -023 -029 -021
Rainfall survey Summer -016 -023 -031 -005 -025 004 -036 -030 005

(c) S-radius

aggr egate class

1| 2| 3| 4] 56| 7] 8]Al
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Temperature previous Summer -049 047 003 -008 -020 044 011 024 000
Temperature Autumn -043 032 001 -014 -016 033 023 016 -010
Temperature Winter 019 -003 017 002 -015 -017 048 039 -035
Temperature Spring 028 -026 -016 032 024 -035 -002 006 -0.09
Temper atur e survey Summer 036 -027 004 008 012 002 -038 -024 021
100 mm Soil temp. previous Summer -041 045 022 -010 -006 048 020 044 015
100 mm Soil temp. Autumn -0.75 028 007 -027 -010 037 051 042 -004
100 mm Soil temp. Winter 016 -011 009 008 002 -008 059 059 -019
100 mm Soil temp. Spring 046 -034 -019 033 -009 -036 017 015 -006
100 mm Soil temp. survey Summer 043 -030 016 -010 -002 009 010 -009 029
M ean maximum temp. previous Summer -049 041 -002 -006 -008 043 -003 016 009
M ean maximum temp. Autumn -033 035 -002 -007 -018 031 030 015 -014
M ean maximum temp. Winter 019 -003 017 001 -016 -018 050 037  -037
M ean maximum temp. Spring 023 -028 -020 031 036 -031 -006 007 004
M ean maximum temp. survey Summer 028 -019 020 000 -011 012 -041 -027 0.18
M ean minimum temp. previous Summer -044 042 002 -011 -032 034 053 019 -025
Mean minimum temp. Autumn -049 025 005 -019 -021 030 021 017 -012
Mean minimum temp. Winter 014 002 011 -001 -024 -012 044 041 -032
Mean minimum temp. Spring 032 -022 -014 026 006 -033 009 006 -027
Mean minimum temp. survey Summer 035 -023 -026 022 038 -022 -035 -005 024
Rainfall previous Summer 005 -010 -006 -004 -002 -021 054 016 -023
Rainfall Autumn 036 -009 013 -008 -018 -014 -006 -021 -007
Rainfall Winter 051 018 026 -023 -038 033 -002 033 -007
Rainfall Spring 008 032 024 001 -039 -027 054 034 -026
Rainfall survey Summer 042 -038 -020 035 032 -012 017 040 o021
(d) R- radius aggr egate class
1| 2] 3] a4a]5s5 6] 7] 8]an

Temperature previous Summer 010 -040 -010 -008 030 005 -036 -021 012
Temperature Autumn 017 -021 002 007 013 009 -065 -026 018
Temperature Winter -009 020 015 -010 -041 008 -033 -013 0.26
Temperature Spring -006 035 037 022 -040 -001 044 016 003
Temperature survey Summer 012 001 -036 009 003 -008 038 028 -033
100 mm Soil temp. previous Summer 023 054 -036 011 017 -007 -048 -020 -0.04
100 mm Soil temp. Autumn -022 -004 017 -022 -010 -002|-08 -014 014
100 mm Soil temp. Winter -010 017 030 -015 -023 008 -046 -021 024
100 mm Soil temp. Spring -002 031 041 018 -026 013 016 008 0.00
100 mm Soil temp. survey Summer 001 -012 -028 011 011 005 016 008 -0.39
M ean maximum temp. previous Summer 007 -037 -010 -004 032 003 -022 -012 002
M ean maximum temp. Autumn 028 -018 008 012 011 000 -072 -029 022
M ean maximum temp. Winter -004 018 012 -007 -042 007 -031 -012 028
Mean maximum temp. Spring -013 038 035 028 -037 004 052 02 -005
M ean maximum temp. survey Summer 019 -009 -048 004 020 018 031 025 -028
Mean minimum temp. previous Summer 008 -029 006 -015 011 008 -068 -032 034
Mean minimum temp. Autumn 002 -018 -003 002 014 009 -066 -023 018
M ean minimum temp. Winter -016 020 023 -017 -039 018 -032 -016 0.28
Mean minimum temp. Spring 004 026 040 005 -037 -002 020 002 018
Mean minimum temp. survey Summer 002 016 003 018 -029 023 059 027 -03#4
Rainfall previous Summer -019 026 031 -005 -044 014 -037 -015 o022
Rainfall Autumn -025 -018 -019 011 004 022 007 -007 005
Rainfall Winter 002 | -060 -027 -005 028 010 -004 -008 011
Rainfall Spring 028 -014 004 000 -008 -005 -058 -029 022
Rainfall survey Summer 031 036 029 005 -024 014 032 000 -0.16
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(e) Ellenberg L scores

aggr egate class

1| 2| 3] 45| 6] 7] 8]an

Temperature previous Summer 078 007 -033 021 -003 -025 004 -031 -002
Temperature Autumn 058 031 -009 010 -013 -008 -027 -052 0.05
Temperature Winter -0.39 -002 006 000 -014 020 003 012 033
Temperature Spring -0.70 -006 008 -005 032 033 038 045 026
Temper atur e survey Summer -057 -006 013 -014 010 011 004 002 -0.28
100 mm Soil temp. previous Summer 074 -028 -047 039 023 -040 -023 -016 -0.02
100 mm Soil temp. Autumn 081 o007 -032 -007 -003 -028 -014 -019 -002
100 mm Soil temp. Winter -031 000 034 -004 -014 0212 o001 003 030
100 mm Soil temp. Spring -0.77 -002 -014 001 025 041 036 049 016
100 mm Soil temp. survey Summer -053 005 000 003 -005 007 036 009 -024
M ean maximum temp. previous Summer 078 -001 -031 014 006 -024 004 -034 -008
M ean maximum temp. Autumn 061 031 -020 021 -004 -009 -020 -0.34 0.08
M ean maximum temp. Winter -037 -001 002 004 -014 018 006 018 034
Mean maximum temp. Spring -069 -010 009 -003 043 031 041 048 020
M ean maximum temp. survey Summer -026 004 012 -013 -012 -009 -011 006 -0.30
Mean minimum temp. previous Summer 068 024 -030 032 -019 -025 000 -018 011
Mean minimum temp. Autumn 060 038 -005 000 -027 -009 -035 -058 001
Mean minimum temp. Winter -031 000 006 -004 -017 021 003 002 030
Mean minimum temp. Spring -069 003 015 -008 007 033 029 031 034
Mean minimum temp. survey Summer -084 -014 005 -014 036 051 041 -007 -021
Rainfall previous Summer -015 001 -001 004 -012 004 002 017 023
Rainfall Autumn -049 -002 046 008 -023 009 -017 041 -005
Rainfall Winter -060 -029 -028 016 -013 -037 012 053 009
Rainfall Spring -008 -008 -024 005 -010 001 -006 004 023
Rainfall survey Summer -085 015 023 -001 035 049 073 -025 003
(f) Ellenberg N scores aggr egate class
1| 2] 3] a4a]5s5 6] 7] 8]an

Temperatur e previous Summer 010 -04 013 -005 013 037 -030 021 019
Temperature Autumn 017 | -055 005 -018 006 035 -052 001 019
Temperature Winter 059 015 -042 006 -005 006 -027 -024 001
Temperature Spring 033 02 -007 -013 -035 -045 040 -014 -030
Temperature survey Summer -045 022 012 006 017 -026 036 020 005
100 mm Soil temp. previous Summer 005 -04 -019 -010 037 046 -061 021 020
100 mm Soil temp. Autumn 052 -018 013 012 010 031 -068 004 015
100 mm Soil temp. Winter 046 024 -046 007 -020 000  -064 -021 -016
100 mm Soil temp. Spring 026 025 -006 -007 -032 -034 024 -011 -036
100 mm Sail temp. survey Summer -060 -001 -007 019 017 -001 021 -005 -001
M ean maximum temp. previous Summer 000 -041 020 -006 007 027 -020 027 012
M ean maximum temp. Autumn 019 -049 013 -023 005 028 -053 013 018
M ean maximum temp. Winter 061 016 -041 007 -003 009 -025 -021 004
Mean maximum temp. Spring 024 023 000 -012 -044 042 038 -010 -033
Mean maximum temp. survey Summer -068 022 009 007 039 -013 029 016 017
Mean minimum temp. previous Summer 041 -037 005 -007 015 061 -048 008 031
Mean minimum temp. Autumn 013/ -053 003 -015 015 039 -051 -009 0.26
Mean minimum temp. Winter 060 010 -038 009 -008 011 -026 -026 0.02
Mean minimum temp. Spring 037 029 -011 -006 -021 -046 033 -020 -0.22
Mean minimum temp. survey Summer 024 010 016 006 -028 -043 052 027 -017
Rainfall previous Summer 067 022 -014 004 -018 015 -041 -029 -001
Rainfall Autumn -054 -007 -046 005 024 010 -002 -034 012
Rainfall Winter -040 -022 -010 013 051 022 000 -031 014
Rainfall Spring 060 -016 -047 -013 024 007 -060 -027 -004
Rainfall survey Summer 016 016 002 -002 -051 -041 017 008 -0.30
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(g) Ellenberg R scores (sameas Table 3.11)

aggr egate class

1| 2 3] 4|56 7] 8]al
Temperature previous Summer -035 014 012 016 021 050 -034 032 020
Temperature Autumn -040 -012 -019 -003 012 034 -044 011 009
Temperature Winter 018 019 -063 005 002 006 012 -012 -003
Temperature Spring 034 023 -008 -016 -042 -029 042 -022 -016
Temper atur e survey Summer -002 -006 058 -002 -008 000 -012 -007 -004
100 mm Soil temp. previous Summer -042 -031 014 012 037 052 -045 043 013
100 mm Soil temp. Autumn -045 004 -043 004 008 019 -042 029 -010
100 mm Soil temp. Winter 037 027 -065 010 -001 005 -013 005 -006
100 mm Soil temp. Spring 046 019 -025 -010 -027 -012 031 -012 -016
100 mm Soil temp. survey Summer 017 -034 003 003 005 009 -005 -027 -011
M ean maximum temp. previous Summer -028 -017 027 012 012 045 -032 033 019
M ean maximum temp. Autumn -036 -004 -014 -003 009 030 -050 024 004
M ean maximum temp. Winter 013 020  -063 005 003 003 018 -009 -002
Mean maximum temp. Spring 045 020 001 -013 -050 -022 036 -018 -013
M ean maximum temp. survey Summer -011 -008 052 001 022 -005 -023 -010 004
M ean minimum temp. previous Summer -031 003 -025 016 027 041 -026 028 016
Mean minimum temp. Autumn -053 -014 024 -003 020 033 -040 002 015
Mean minimum temp. Winter 020 015  -065 010 -001 017 011 -013 -001
Mean minimum temp. Spring 018 028 -023 -011 -025 034 046 -025 -020
M ean minimum temp. survey Summer 014 003 041 -004 049 019 025 009 -008
Rainfall previous Summer 026 030  -055 005 -011 -023 000 -014 -002
Rainfall Autumn 041 -030 -033 005 031 -014 -043 -042 -003
Rainfall Winter 015 -047 -014 008 05 024 -036 -019 000
Rainfall Spring -017 -006 -044 -017 029 -021 -013 000 -010
Rainfall survey Summer -001 020 -009 -002 -05 032 039 009 -016
(h) Ellenberg W scores aggregate class
1| 2] 3] a4a]5s5 6] 7] 8]an

Temperatur e previous Summer -043 -015 -017 010 -028 -008 008 020 -011
Temperature Autumn -022 -010 -039 -002 -016 008 -010 -003 -0.25
Temperature Winter 012 -012 -001 -007 044 -015 050 -010 -018
Temperature Spring 019 023 -025 -040 026 010 023 -009 004
Temperature survey Summer 066 032 02 -017 -028 013 005 -020 0.28
100 mm Soil temp. previous Summer -037 008 034 021 -017 -022 025 003 017
100 mm Soil temp. Autumn -029 -054 -005 028 028 -033 017 -012 -012
100 mm Soil temp. Winter -020 -015 -005 -009 036 -017| 058 -006 -0.25
100 mm Soil temp. Spring 017 028 -021 -036 024 018 039 004 012
100 mm Soil temp. survey Summer 047 032 -012 001 046 023 047 006 036
M ean maximum temp. previous Summer -048 -007 -016 008 -036 -005 -004 011 -005
M ean maximum temp. Autumn -033 -012 -040 -008 -004 009 -005 019 -021
M ean maximum temp. Winter 013 -009 004 -006 046 -016 049 -005 -018
Mean maximum temp. Spring 008 028 -022 -038 009 013 028 -011 0.09
M ean maximum temp. survey Summer 047 020 022 -004 044 002 -001 -020 019
Mean minimum temp. previous Summer -040 -027 -020 010 002 -012 027 o047 -027
Mean minimum temp. Autumn 003 -013 -037 003 -018 003 -008 -018 -028
Mean minimum temp. Winter 004 -016 -009 -005 041 -016 048 -012 -021
Mean minimum temp. Spring 037 011 -029 -037 048 002 010 -002 -0.08
Mean minimum temp. survey Summer 062 032 006 -036 -001 032 015 -013 037
Rainfall previous Summer -020 -014 003 012 047 -012 022 011 -0212
Rainfall Autumn 019 011 037 005 -016 030 033 021 003
Rainfall Winter 054 009 023 031 014 -010 055 007 028
Rainfall Spring 009 -018 -005 018 049 007 005 012 -001
Rainfall survey Summer 069 021 -034 -042 023 010 053 000 028
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