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Five decades of ground flora changes in a temperate forest: the good, the bad and the ambiguous
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Highlights

e Five decades of ground flora change recorded from permanent plots at Wytham Woods
e Species-richness declined because of the loss of open-ground species.

e Vegetation cover and biomass were impacted by changing deer-levels.

e Future changes from eutrophication and consequences of Ash Dieback are discussed.

e Forest management can influence some changes; others need action at landscape scale.

Abstract

We explore how the ground flora of a temperate woodland (Wytham Woods, southern England)

changed in terms of species-richness, cover and biomass over five decades; what the drivers of
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change were; and possible future change as a consequence of the decline in Fraxinus excelsior as a
canopy dominant. Vascular plants were recorded from 164 permanent, 10x10 m plots, distributed
as a 141 m grid, in 1974, 1991, 1999, 2012, and 2018. Species presence and frequency/abundance in
each plot were estimated and used to model biomass changes. Changes in species-richness,
vegetation composition and structure were analysed. Stands opened out by thinning or which
became denser through tree growth gained or lost species respectively, particularly non-woodland
species. Deer pressure favoured the spread of Brachypodium sylvaticum and reduced Rubus
fruticosus. No obvious impacts of climate change, eutrophication or of invasive species were
detected in the plot records although other signs suggest these are starting to affect the flora. Just
12 out of 235 species contributed 47% of all species occurrences, 82% of the vegetation cover and
87% of the modelled biomass. We conclude that the ground flora is highly variable over decadal
timescales, but the patterns of change observed differ according to the measures used (species
richness, cover, biomass, etc). Site level drivers in the short-term swamped effects of slower acting
regional/global drivers. Legacy effects were seen in the greater richness of specialists in the older
woodland. While some impacts can be mitigated by management, others are largely beyond control

at the site level.

Key words. Long-term monitoring and surveillance; forest management; Ash Dieback; vegetation
homogenisation; eutrophication; woodland vegetation change; Rubus fruticosus; permanent plots;

woodland specialist plants.

1. Introduction

Many woodland species, including vascular plants, show declines across Britain and this may also be
seen at individual sites (Kirby et al., 2005; State of Nature Partnership, 2019). Assessing increases or
decreases in the ground flora is often based on monitoring permanent plots, e.g. Klynge et al.

(2020). Here we describe changes over five decades from one such plot system.
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The ground flora or herbaceous layer plays an important role in the functioning of temperate

woodland ecosystems providing food and shelter for much of the fauna, inhibiting or facilitating tree
regeneration, absorbing and releasing nutrients through its annual growth cycles. The ground flora is
also valued in nature conservation terms because it often comprises about 80% of the vascular plant

species in the forest and provides spectacular displays of spring flowers (Gilliam, 2014; Kirby 2020a).

However, the current composition and structure of the ground flora is influenced by conditions and
events from decades or centuries earlier (Perring et al., 2018). There are differences between
ancient and recent woodland floras (Peterken and Game, 1984; Rackham, 2003); the effects of past
management interventions or periods of minimal intervention (Ash and Barkham, 1976; Buckley and
Mills, 2015; Kirby 1988, 2015; Peterken and Mountford, 2017; Tinya 2009); the impact of grazing by
large herbivores (Cooke, 2019; Kirby 2001) or extreme weather events (Smart et al., 2014). Some
species may have been favoured (or not) by increasing atmospheric nitrogen deposition (Keith et al.,
2009; Verheyen et al., 2012) or by climate change (De Frenne et al. 2013; Pearce-Higgins et al.,
2017). These various drivers may operate alone or in combination (Bernhardt-Rémermann et al.,

2015; Kirby et al., 2005). Long-term measures of change in the ground flora are therefore desirable.

We analysed changes in species-richness, vegetation structure and composition collected across five
decades from a long-term permanent plot system established in 1973-1976 in Wytham Woods
(Dawkins and Field, 1978). Such vegetation changes may contribute to or explain variations in the
populations of the fauna, that are the subject of other long-term studies in the Woods (Savill et al.,
2010). Analysis of the drivers of change at Wytham may shed light on increases or decreases in plant
species of conservation concern across lowland England (Plantlife, 2011). Understanding past
variations also provides the context for assessing likely future change from the expected decline of
European ash Fraxinus excelsior as a consequence of the fungal disease Ash Dieback, both in

Wytham Woods and more generally across the UK (Mitchell et al., 2016; Pautasso et al., 2013).

2. Site
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Wytham Woods lie about 8 km north-west of Oxford in southern England (Figure 1a; latitude 51°
46'38.4" north; longitude 1° 20’ 23.56" west; elevation c.60-160m) (Savill et al., 2010). The mean soil
pH from samples taken in 1974 was 6.8 (standard error 0.05); the top of the hill has shallow soils
developed from Corallian Rag limestone, the lower slopes have more clay (Taylor et al., 2010). The
main wood consists of 360 ha of mixed, mainly broadleaved woodland with a variety of histories

summarised in Figure 1 (Kirby et al., 2014).

Figure 1. (a) Location of Wytham Woods in the UK; (b) the distribution of the permanent plots used

in this study and their histories.

The main canopy trees are European ash Fraxinus excelsior (25% of the canopy), sycamore Acer
pseudoplatanus (20%), beech Fagus sylvatica (10%) and oak Quercus robur (8%) (Supplementary
table S1). Ash is present in 90% of the plots, has been spreading since 1974 and is the most common
tree seedling or sapling (Kirby 2020b; Kirby et al., 2014). Ash Dieback was first confirmed in the

Woods in 2017 and is now widespread.

Until the mid-twentieth century the Woods were actively managed, either as high forest or coppice
with standards. Since 1950 about a third of the woodland, primarily the older formerly-coppiced
stands, has been under minimum intervention, that is no silvicultural management takes place.
Elsewhere, the main interventions since 1974 have been the thinning of 20" Century plantations

(Wytham Management Committee, 2020).

Deer were largely absent from the Woods in the 19t and early 20" Century as from much of lowland
Britain (Ward, 2005). A small herd of fallow deer Dama dama were present in the 1940s (<20
individuals) and numbers increased until the 1990s (>375 individuals). Muntjac Muntiacus reevesi

were first seen in the Woods in 1967 (Elton 1942-1967); and roe deer Capreolus capreolus in the
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1970s. Since the 1990s the deer populations have been reduced by shooting to c.45 fallow, c.45 roe

and a small number of muntjac (Savill et al., 2010; Wytham Management Committee, 2020).

Atmospheric nitrogen deposition has increased across Britain since the mid-twentieth century and
impacts on semi-natural vegetation have been widely reported from other habitats (Field et al.,
2014). Woodland habitats are also considered at risk from climate change (Morecroft and

Speakman, 2013).

3. Methods

3.1 Plot locations and marking procedures

In the early 1970s intersections of a 100 x 100 m grid were marked with wooden posts across the
Woods (Dawkins and Field, 1978). At alternate posts, a 10x10 m vegetation plot was established
giving 164 plots on a 141.1 m grid layout. The plots are 14.1 m offset from the post position on a
bearing of 45°true. Metal markers were buried at the post, at the south-west and north-east corners
of the plot which could be subsequently re-located using a metal detector. The vegetation was
recorded as part of the original project (the 1974 recording — see next section) and re-surveyed in
1991-92 (the 1991 recording); 1999-2002 (the 1999 recording); in 2011-12 (the 2012 recording) and

in 2018.

3.2 The vegetation record

Dawkins and Field (1978) describe the 1974 vegetation recording. The tree and shrub records from
subsequent surveys are reported in Kirby (2020b), Kirby et al. (2014) and in Supplementary Tables
S1, S2. This paper uses the estimates of percentage canopy cover (>2.5 m high) made across the

diagonal of the plot (Figure 2) as one surrogate for light availability for the ground flora.
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Figure 2. Layout of the 10 x 10 m recording plot from Dawkins and Field (1978). (a) in profile showing

the recording of the vegetation layers across the main south-west to north-east diagonal; (b) in plan

view showing the positions of the 13 0.1m? subplots (‘circlets’).

The ground flora results presented here are based on:

A list of vascular plant species rooted within the plot (excluding tree and shrub
regeneration);

Vegetation cover, generally less than 0.5 m high estimated along the south-west to north-
east plot, but tall herbs Rubus fruticosus also contributed to the 0.5-2.5 m layer;

The frequency with which a species was found rooted in a set of 13 circlets (round ‘quadrats’
covering 0.1 m? each) distributed across the two plot diagonals (Figure 2); the circlet
positions were not precisely relocated, so species occurrences in individual circlets in a plot
were not compared across recordings, only the overall frequency for the plot;

Estimates of species cover: in 1974 a five-point scale was used for six species (Chamerion
angustifolium, Hyacinthoides non-scripta, Mercurialis perennis, Pteridium aquilinum, Rubus
fruticosus, Urtica dioica) (Table 1), previously identified as common within the Woods (Elton
1966; Osmaston 1959). In the subsequent recordings cover-abundance scores were assigned

to all species using the Domin scale.

Table 1. 1974 cover scores and Domin scores with percentage cover equivalents

1974 cover % cover mid- Domin scores and % % cover
score point range mid-point
0 0 0 0

1 one plant 1
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1 1-5% 2.5 2 two plants 2

3 afew plants 3
2 6-25% 15 4  4-10% 7.5
5 11-25% 17.5
3 26-50% 37.5 6 26-33% 29
7  34-50% 41.5
4 51-75% 62.5 8 51-75% 62.5
5 76-100% 87.5 9 76-90% 82.5
10 91-100% 95

Recording took place between May and August except for four plots recorded in September in 1974,
spread across more than one year, except for 2018, because of other work commitments. None of
the 1974 surveyors could help with the subsequent re-recordings, but the first author was involved
in all the recordings since 1991, providing continuity and consistency of practice. Some of the vernal
flora will have been under-recorded later in the summer, but the most important of these in
Wytham, Hyacinthoides non-scripta was still easily detected even in late August from the dead

stems.

Plant species names follow Stace (2010).

3.3 Analysis of changes in species-richness, composition, and vegetation structure

Species-richness was assessed for the whole set of 164 plots; for subgroups of plots representing
different woodland types (Figure 1) and as mean values for individual plots. To aid interpretation of
the changes, species were grouped into Woodland specialists, often strongly associated with

woodland conditions in Britain; Woodland Generalists, common in woodland but widespread in
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other habitats; and Non-woodland species, generally found outside woodland and mainly in glades

within woods (Kirby et al. 2012).

The changing composition of the plots was assessed by calculating the similarity of a plot to its
record from previous recordings using Sorensens’s Similarity Index: S= 2c x 100/(a+b+2c) where c =
species found on both occasions; a and b are the numbers found on only one or the other occasion.
Sorensen’s Index was also used to calculate the similarity between plots across each recording time,
as a measure of the homogeneity of the vegetation (Keith et al., 2009). Variations in plot

composition were also explored using Detrended Correspondence Analysis (DECORANA).

Vegetation cover changes were examined after converting the Domin values from the 1991-2018
recordings into a percentage value based on the mid-point of the range (Table 1). This is only an
approximation of the cover but as 84% of records were for Domin values 1-3 (less than 4% cover) we
did not think that more nuanced approaches such as Currall (1987) were necessary. The same
approach was used with the 6-point cover score used in 1974, but these scores were only made for
the six species previously judged to be common in the Woods. For the remaining species in 1974 a
derived cover for 1974 was calculated using the general relationship between the cover scores from
1991-2018 Domin values (all species) and the corresponding circlet frequency value (the number of
times a species occurred in the 13 circlets in that plot) plus 1 (to account for species in the 10 x 10
plot but not found in the circlets): Cover =-2.2+2.66 x circlet score; R? = 42%; F = 7338, DF 1, 10,233.
This equation was then used to calculate a likely cover for each species in 1974 from its 1974 circlet
score (Supplementary Table S3). We used the same relationship for all species: we considered
developing species-specific equations, but for many species there would have been very few points
so that the relationship would have been very poor. Moreover as most species were present in most
plots at only very low abundance (84% of the species plot-records were given Domin scores <4%

cover) any minor differences in the relationships were not likely to have a major effect.
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The cover estimates were used to model biomass changes for individual species and for individual
plots through the Phytocalc approach (Bolte et al., 2004; Schulze et al., 2009) according to the

equation:

P =ax PC® x MS¢

e P= Above ground biomass (dry matter, 105°, g m™);

e PC=Percentage cover (species, species group);

e MS= Mean shoot length (above ground, cm);

e a,b,c are empirical parameters obtained by fitting measured data in the original study (Bolte
et al., 2004).

e The shoot lengths used in the equations were based on 5-10 measurements across Wytham
for the most common 74 species and generic values from the original studies for the

remaining species.

The above should be seen as providing only a rough indication of ground flora biomass, but we used
it because it should reflect changes in the potential forage for deer or shelter and nesting space for

small birds and mammals better than direct vegetation cover alone.

3.4 Exploring possible causes of change

Changes in the ground flora richness 1974-2018 were compared with the corresponding change in
canopy cover. Small differences in canopy cover per plot made little difference to conditions for the
ground flora. Therefore, mean species-richness change was calculated separately for plots where an
increase of more than 25% canopy cover was recorded over the whole period (20 plots) compared
with those where the canopy decreased by more than 25% (36 plots). The effect of canopy
disturbance on species-richness was also explored by comparing the change when there had been a
thinning or major tree fall between two recordings with the change for woodland plots where no

such disturbance had occurred.
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The 1974-1999 period was characterised by an increasing deer population whereas the numbers

have been brought down since. Species-change in the two periods was compared.

The distribution of plots and species along the axes of variation in the DECORANA analysis were
explored using Ellenberg Indicator Values (EIV) for Light, Moisture, Reaction (pH) and Nitrogen as
modified for British conditions (Ellenberg, 1988; Hill et al., 2004); and using species mean values for

January Temperature, July temperature and annual precipitation requirements (Hill et al., 2004).

Statistical analyses were performed using the Minitab package (V.18; www.minitab.com) and

Community Analysis Package (Pisces Publishing, 2002; www.pisces-conservation.com).

3.5 Storage of the data

A hard copy of the 1974 records and the original field sheets for subsequent recordings are currently
held by the first author; copies of the data used in this paper are being prepared for deposit in the

Wytham Woods Data-base https://www.wythamwoods.ox.ac.uk/research-woods and in the Oxford

University Research Archive https://ora.ox.ac.uk/objects/uuid:948a1302-5023-4216-b5a4-

3e815dfe95ed

4. Results

4.1 Variations in species richness and species types

The number of species found across all plots declined by about 20% in the first 25 years but has been
fairly stable since. The mean number of species per plot was relatively stable overall apart from a
small decline in 2018 (Table 2). Recording in 2018 started in June and there was a severe summer
drought, such that more of the vernal species may have been missed in that year. Plots in stands
that had been disturbed by planting in the twentieth century had higher than average species

richness in 1974 but were little different to the semi-natural stands by 2018 (Figure 3).
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Table 2. Species-richness, change over the five recordings for all plots

Recording time 1974 1991 1999 2012 2018

No of vascular plants 182 171 147 158 141

recorded across all plots

Mean no per plot 16.8+0.7 17.3+0.8 15.5+0.6 16.2+0.6 13.5%0.5
* std err
Range 4-62 0-49 0-45 0-43 1-39

Figure 3. Mean species richness per plot for different types of plot (see Figure 1); stands disturbed

by 20™ C planting are indicated by the arrows.

The Ride and Glade plots had much higher species-richness than those in closed woodland stands
(Table 4), particularly in terms of the proportion of Non-woodland species (0.39) compared to
Woodland specialists (0.13); the reverse was the case for the older plots such as the Pre-1800 semi-
natural stands - Non-woodland species (0.07) Woodland specialists (0.25). A chi-squared test (using
the species number, not proportion) comparing the different balance of species types between

these plot types was highly significant: chi-squared = 34, df 2, p<0.001.

From 1974 to 2018 the occurrences of Non-woodland species within the 10x10 m plots declined
significantly: from 33% of species and 8% of occurrences in 1974 to 27% of species and 4% of
occurrences in 2018 (chi-squared for change in occurrences = 58, df = 2, p<0.001). The abundance of

Woodland specialists remained stable.



248  Table 4. No/proportion of species and occurrences for Non-woodland species, Woodland generalists and Woodland specialists. Each occurrence represents

249  the presence of a species in a 10x10 m plot at one recording time.

Total no of Total no of Proportion of occurrences by:
species occurrences,
Proportion of: all species
Non- Woodland Woodland Non- Woodland Woodland
woodland  generalists specialists woodland  generalists specialists
1. pre-1800, semi-natural (29) 98 0.07 0.67 0.26 2103 0.01 0.78 0.21
la.pre-1800, disturbed  (40) 125 0.18 0.58 0.24 2809 0.02 0.76 0.22
2.19th C. semi-natural  (19) 104 0.14 0.66 0.19 1332 0.02 0.80 0.18
2a. 19t C. disturbed (11) 93 0.17 0.67 0.16 682 0.04 0.79 0.17
3.19% C. plantation (27) 120 0.21 0.61 0.18 1727 0.03 0.79 0.18
4. 20th C. wood (15) 141 0.29 0.55 0.16 1170 0.12 0.77 0.11
5. Rides and glades (23) 188 0.39 0.47 0.13 3165 0.15 0.71 0.14

All 164 plots (164) 235 0.38 0.45 0.17 12988 0.06 0.76 0.18
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1974 recording only
2018 recording only
Species present in 1974 but not

in 2018

No of species 1974 and 2018 compared
All species  Non- Woodland

woodland  generalist

182 61 95
141 38 72
60 31 27

Woodland
specialist
26

31

No of occurrences, 1974 and 2018 compared

All species Non Woodland Woodland
woodland  generalists specialists

2753 224 2127 402

2220 87 1682 451

186 60 123 3
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4.2 Changes in vegetation structure

The percentage cover of the ground flora declined from the 1974 to 1999 recordings but recovered
subsequently (Figure 4a). Part of the decline in 0.5-2.5 m cover after 1974 was due to elimination of
many tall dense Rubus fruticosus thickets. The modelled biomass showed a much larger drop from

the 1974 levels and a lesser recovery. This overall biomass change was largely caused by the change

in the contribution of Rubus fruticosus (Figure 4b).

Figure 4. (a) Change in layer cover and in the cover of Rubus fruticosus; (b) The contribution of Rubus

fruticosus to the changes in modelled biomass.

The structure of the vegetation (its cover, height and modelled biomass) was largely determined by
just twelve out of 235 species recorded. These contributed 47% of all species occurrences in the 10 x

10 m plots, 82% of the recorded vegetation cover and 87% of the modelled biomass (Table 5).

Table 5. Contribution of the twelve commonest species in terms of number of plot occurrences,

mean % Cover per plot, mean biomass per plot across all five recordings.

Mean no of plot

records per recording Mean % cover Mean biomass

(out of 164) per plot per plot (g m?)
Rubus fruticosus 136 14.0 66.0
Poa trivialis 128 4.2 4.7
Mercurialis perennis 127 21.7 18.0

Brachypodium sylvaticum 126 8.6 10.4
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Urtica dioica 114 8.7 7.7

Deschampsia cespitosa 104 2.6 1.1
Circaea lutetiana 98 21 0.8
Glechoma hederacea 85 1.9 0.9
Hyacinthoides non-scripta 80 5.2 3.4
Geum urbanum 78 1.0 0.3
Galium aparine 77 1.7 1.0
Pteridium aquilinum 76 8.0 8.4

4.3 Changes in the composition of the plots.

There was a high turnover of species: about twice as many species were recorded from a plot over
the whole five recordings as were found at any one time (supplementary Figure S2). The similarity
between a plot record and the previous recording for that plot decreased with increasing time
between recordings (Figure 5). Shifts in the composition of the different types of woodland were

also illustrated by the DECORANA analysis (Figure 6).

Figure 5 Decreasing similarity of a plot record with its previous recording with increasing time
interval between recordings. The regression line is based on individual plot values but only the mean
values for each year-on-year comparison are shown: i.e. 12_18 is the mean similarity for the plots in
2012 compared to 2018; 74_18 is the mean for the plots in 1974 compared to 2018). %similarity =

70— 0.5xYear_difference; DF 1,1633, p<0.001, R? = 12%.

4.4 Stand openness as a driver of ground flora change
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The difference in plot species richness (2018-1974) was weakly related to the estimated change in
percentage canopy cover over the same period (Supplementary figure S1. Species no change = -3.9
—0.07Canopy_change, DF=1,162; F=12.9; P<0.001; R?=6.8%). Where there was an increase of more
than 25% canopy cover between 1974 and 2018 (20 plots) mean richness declined by -9.5+2.3
species per plot; whereas where the canopy decreased by more than 25% (36 plots) the mean
richness change was only -111.1 species. Species-richness was more likely to increase at the next
recording where a disturbance such as thinning or a tree fall had occurred (50 instances across all
recordings). The mean change per plot was an increase of 4.2 + 1.1 species compared with plots
where no disturbance was recorded between recordings (514 instances) where the mean change

was a loss of 1.3 0.3 species.

In the DECORANA analysis Axis 1 scores for plots were significantly negatively correlated with the
canopy cover estimates made along the diagonal of the plot (supplementary figure S4). The
reduction in non-woodland and increase in woodland specialist occurrences between 1974 and 2018
was reflected in the general shift towards the low end of Axis 1 for the woodland plots while the

Rides and Glade plots are separated off to the high end of the axis.

Non-woodland species clustered at the positive (low canopy cover) end of Axis 1 with Woodland-
specialists which are more shade-tolerant at the negative end (Figure 6b). Axis 1 scores were
positively related to Ellenberg Indicator Values for light on the species ordination (Figure 6c). The
closeness of the 20" Century plantations to the Ride and Glade plots in 1974 reflected the survival of
open ground (non-woodland) species from the previous land-use, but by 2018 these plots were
mixed-in with those from the older woodland, i.e their flora had become more of a forest-type

composition.
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Figure 6 (a). DECORANA analysis output: mean positions for different groups of plots (Figure 1)
across the 5 recordings; (b) DECORANA analysis: species distribution: Woodland specialists,
Woodland generalists, Non-woodland species; (c) Mean species scores on Axis 1 set against their

EIV-Light Score; (d). Mean DECORANA Axis 2 score for each EIV-Reaction score group of species.

The 19t Century plantation plots (group 3, Figure 1) diverged from the other woodland plots on Axis
2. This axis separated species according to their Ellenberg Indicator Values for soil reaction (pH)
(Figure 6d) and was significantly correlated with species mean precipitation requirements (Hill et al.,
2004) (Axis 2 score = 793-0.71 x mean precipitation; F=47, DF 1, 229; p<0.001; R?=16%,
Supplementary Figure S4). Most of the plots in this divergent group are clustered on the shallow

limestone soils on the top of the hill, which may be more sensitive to drought.

4.5 Periods of increasing and decreasing deer pressure

During the period of increasing (1974-1999) deer pressure there was increasing homogenisation of
the ground flora with any given pair of plots being more likely to show an increase in similarity in
terms of the Sorensen’s Similarity Index. This trend was reversed for the period 1999 to 2018 when
the deer numbers were being reduced (Figure 7a). From 1974 to 1999 many plots showed increases
in cover of Brachypodium sylvaticum and declines in cover of Rubus fruticosus, whereas the reverse

pattern was seen in the 1999 to 2018 recordings (Figure 7b).

Figure 7a. Distribution of differences in the Similarity Index for any given plot-pair, during the period

of increasing deer numbers (Simig9s-Sim1s74) and decreasing deer numbers (Simzo1s-Sim1ggs).
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Figure 7b. Change in cover of Brachypodium sylvaticum and Rubus fruticosus in the periods 1974-

1999 contrasted with that for 1999-2018.

4.6 Climate change, eutrophication, invasive species

Comparison of the mean January and mean July temperature requirements for species occurrences
across the recordings provided no indication for thermophilisation of the flora. There was also no
general increase in high EIV-N-score species or any relationship between EIV-N mean plot scores and

axis scores in the DECORANA outputs which might indicate widespread eutrophication.

Invasive non-native ground flora species currently make up a very small part of the total flora:

daffodils (Narcissus varieties) and snowdrops (Galanthus nivalis) were planted for ornament in the
early 20%™ century but are present in only 2 plots. In the last decade, small colonies of small balsam
Impatiens parviflora and Sicilian honey-garlic Nectaroscordum siculum have spread into the Woods
although so far only recorded in one plot each. Himalayan balsam Impatiens glandulifera has been

seen in the Woods but not in the plots.

5. Discussion

Over the five decades changes have occurred in the species richness, species composition, cover and
biomass of the ground flora at the individual plot level. What these mean in biodiversity terms

depends on which measures are used and how the plot results are combined (Klynge et al. 2020).

Species-richness declines are often regarded as ‘bad’ in biodiversity terms, but in this study the
overall decline recorded in the 164 plots is mainly reduction in the Non-woodland species, linked to
increasing shade as the former coppiced stands have grown into high forest and the recovery of the
areas disturbed by 20™ Century plantings. This might therefore be seen as a ‘good’ biodiversity
outcome. The composition of the plots has become increasingly dissimilar to their composition in

1974 (‘bad’ if our aim were to maintain the 1974 state), but the movement of the younger stands,
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mainly plantations, towards the composition of the older semi-natural stands again could be seen as

a ‘good’ result.

Gains or losses of uncommon woodland plants such as the orchid Epipactis purpurata (3 occurrences
over the five recordings) may attract attention in nature conservation debates but the numbers
involved are too small to draw reliable conclusions. The dozen common species have a greater
influence on how the ground flora competes with tree regeneration, how it functions in terms of
nutrient dynamics, and the habitats it provides for the fauna. The decline in Rubus fruticosus cover
and biomass for example during the middle part of the study contributed to declines in some bird
species and changes to the small mammal populations (Bush et al. 2012; Perrins and Overall, 2001);
its ongoing recovery could lead to reductions in ground flora richness (Kirby and Woodell, 1998;

Marrs et al. 2013) and less favourable conditions for foraging badgers Meles meles.

The recolonisation by roe deer — a native species — is a biodiversity gain; attitudes to fallow deer, a
long-established introduction to Britain are more ambiguous; while muntjac as a recent invasive
introduction is seen as generally bad for biodiversity. The desirable/acceptable level of roe and
fallow (even if muntjac could be eliminated) is however a value judgement —is a grass (high deer) or

Rubus (low deer) dominated flora the more desirable?

5.1 Likely causes of change and the role of site management

Changes in canopy density and deer pressure appear to have been major drivers of change in
species-richness, species-composition and vegetation structure as in long-term vegetation studies
elsewhere (Baeten et al., 2009; Cholewinska et al., 2020; Chytry and Danihelka, 1993; Crampton et
al., 1998; Fischer et al., 2009; Hedl et al., 2010; Hedwall et al., 2019; Kirby et al., 2005; Persson et al.,
1987; Strubelt et al., 2019; Vild et al., 2017; Walther and Grundmann, 2001). Both the degree of
shading and deer grazing are potentially within the control of forest manager through altering
patterns of thinning and felling, or through fencing and culling and therefore may be used to favour

the desired components of the ground flora.
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World-wide invasive non-native plant species are a threat to biodiversity; for example Alliaria
petiolata is a serious pest where it has been introduced to North American forests (Anderson et al.
1996). To date non-native invasive ground flora plants have not been significant problem in Wytham
Woods: those perceived to be a possible future threat, such as Impatiens parviflora and

Nectaroscordium siculum, could be controlled while they are at these current low levels.

A related issue is the potential spread of native species in response to increased nitrogen deposition.
No general eutrophication signal was detected in the woodland flora at Wytham, but other
observations are consistent with eutrophication starting to have an effect on the ground flora as
hypothesised by Corney et al. (2008) and Verheyen et al. (2012): for example increases in Allium
ursinum (EIV-N 7), Alliaria petiolata (EIV-N 8) and Galium aparine (EIV-N 8) (Kirby 2016). The spread
of such species could be seen as ‘bad’ in biodiversity terms because they compete with other native

plants or because they are a symptom of human-induced change.

Climate change impacts on the ground flora may have been limited to date by the microclimatic
buffering provided by the canopy (De Frenne et al., 2013). Opening up of the canopy could favour
thermophilisation of the ground flora (Govaert et al., 2021), providing an argument for maintaining
high shade levels through the Woods. The differences in microclimate between the base and top of
the hill and between north and south facing aspects could help species to survive, even if their

current location in the Woods becomes less suitable (Suggitt et al., 2018).

5.2 Potential for future ground flora change because of Ash Dieback

European ash Fraxinus excelsior is widespread in British broadleaved woodland (Forestry
Commission, 2012; Rodwell, 1991). The fungal disease Ash Dieback caused by Hymenoscyphus
fraxineus (Pautasso et al., 2013) was first confirmed in Britain in 2012 although it had probably been
present earlier (Wylder et al., 2018). Reductions in ash are expected to affect the cover and richness
of the vascular plants in the field and ground layers (Mitchell et al., 2014, 2016). The disease was

first confirmed in Wytham Woods in 2017 and by 2021 many ash trees showed 20-30% canopy
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dieback. There are concerns as to how the composition and structure of the Woods, including in the
ground flora, will change as a consequence. The 2018 survey provides a detailed baseline against
which we can measure such changes, while the longer-term record illustrates how other factors will

need to be taken into account.

From the plot results in this study little effect on ground flora richness might be expected where ash
provides less than 20% of the canopy; the canopy gaps created will be small. Where ash is more
abundant and bigger canopy gaps form, then short-term increases in species-richness and the
favouring of Rubus fruticosus growth are likely. This should favour small mammal and bird
populations that favour dense vegetation in the 0.5-1.5 m height range but possibly lead to
abandonment of some badger sets. However, the Rubus increase might be limited if deer numbers
were to rise again, as in the period 1970-1990. In the longer-term, shrubs, such as Corylus avellana,
Crataegus spp. and Prunus spinosa, and canopy trees such as sycamore or beech may fill the gaps
(Needham et al., 2016); stands are likely to become shadier and reductions in Rubus cover and in

ground flora richness are then expected.

5.3 Limitations of the present study

The results presented show that the woodland flora is not static but varies dynamically over time
and space. The use of permanently marked plots means that it is easier to separate temporal and
spatial effects, provided the plot relocation is precise. The buried metal markers at two plot corners
made this generally possible, but in all re-recordings there were one or two plots where the markers
could not be detected at the time: for example tall vegetation or piles of fallen branches can prevent
the metal detector picking up a signal. However, a combination of detailed maps and the positions
of large trees meant that the 10 x 10 m plot re-recordings were not more than a few metres off the
original locations and in 2018 all but a handful of the original metal markers were eventually re-

found.
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Ideally the plots would be recorded twice in a season to avoid missing early or late growing species;
all in one year, to reduce the effect of inter-annual variations; and with the same observers to
reduce differences is survey capability. These requirements are difficult to reconcile for a large
number of plots where the project has to be fitted in amongst other work commitments. We have
therefore been conservative in identifying changes, if it seemed likely that season, year or observer

bias might be a factor.

We were only able to make very rough estimates of ground flora biomass, using a model developed
for German woodland, with only approximate estimates of vegetation height and cover. However,
the mean values over the five recordings (from about 50 to 300 g m™) are comparable with values
reported elsewhere for British woodland and Continental woodland, e.g. Landuyt et al., (2020),
Ovington (1955). Dense stands of Rubus fruticosus were recorded with more than 400 g m2in
Wytham Woods in 1974 (Kirby, 1980) which again suggests that the high biomass values for 1974 are

realistic.

This is a single site study; however, Wytham Woods show many of the characteristics of other
woods in the lowland England (Kirby et al., 2014), so that this unique (for the UK) long-term study of
floral change can provide insights into the results from multi-site national surveillance and
conservation monitoring programmes (Goldsmith, 2012; Hurford and Schneider, 2006; Kirby et al.,

2002, 2005; Natural England, 2012).

5.4 Implications for other assessments of ground flora changes

e The patterns of change observed differ according to the measures used (species richness,
cover, biomass, similarity/homogeneity indices).

e Different types of species and different individual species show varying patterns of change —
this affects interpretation of biodiversity changes.

e Common species as well as rare ones should be studied because the former are critical to

ecosystem functioning through contributing the bulk of the cover and biomass.



452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

e Drivers of change operate at different temporal and spatial scales, gradual change
associated with increased shading; more sudden effects when a gap is created; impacts of
deer in the initial rapid population build-up phase are likely to be more noticeable than
recovery after control measures are instigated (Tanentzap et al. 2012).

e local drivers (changing shade levels, deer pressure) may in the short-term swamp effects of
slower acting regional/global drivers such as nitrogen build-up or climate change.

e Legacy effects such as the greater richness of specialists in the older woodland, are
common; woods have ecological memory built-in (Ogle et al., 2015).

e Plot recording can detect events such as the establishment of the invasive Impatiens
parviflora, but by the time there are sufficient records to say that there is a statistically

significant effect, it might be too late to manage the problem.

The Wytham plots were set up on the assumption that the vegetation would change, and that
posterity would want to understand the magnitude, history, causes and consequences of those
changes (Dawkins and Field, 1978). No specific assumptions were made in designing the system
about what would happen or be of interest in future decades. It is a tribute to the farsightedness of
the originator H.C. Dawkins that fifty years later the data collected are relevant to tomorrow’s

concerns such as the impact of Ash Dieback.
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