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3. Changing from sheep to cattle grazing led to a change in vegetation species
composition. Species richness, calcareous grassland indicators and propor-
tion cover of bryophytes were found to increase with increasing years since
sheep removal. In contrast, vegetation height and the proportion cover of grass
decreased.

4. Our results show that switching from sheep to cattle grazing was highly success-
ful in restoring diversity and habitat quality in calcareous landscapes. The less se-
lective grazing of cattle led to a more open, less grass-dominated sward, allowing
calcareous grassland wildflowers such as Linum catharticum and Lotus corniculatus
to increase in frequency. However, the vegetation became shorter, another im-

portant objective for vegetation restoration in the uplands, suggesting a possible

trade-off between diversity and vegetation height at a small scale.
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1 | INTRODUCTION

Sheep grazing is the dominant land use across much of the UK
uplands. This has resulted in large shifts in vegetation, with areas
becoming dominated by grasslands whilst trees and shrubs are
unable to regenerate (Fuller, 1996; Marrs, Lee, et al., 2020; Porton
et al., 2024). Intensification of sheep grazing occurred over the 20th
century, with an increase in sheep numbers from 19.7 to 41.2 million
from 1950 to 1990 in Britain (Fuller & Gough, 1999). In northern
England specifically, sheep numbers were 3-5 times higher in
2000 than they were in 1900 (Dallimer et al., 2009). The problem
has gained mainstream attention (Monbiot, 2013), and in many
areas, efforts are underway to try and restore vegetation through
reduction or removal of sheep grazing. Vegetation restoration has
the potential to benefit animal populations, mitigate downstream
flood risk and increase carbon storage (Bond et al., 2020; Dennis
et al.,, 2008; Edgar, 2019; Evans et al., 2015; Fletcher et al., 2021,
Gao et al., 2017; Heathwaite et al., 1989; Marshall et al., 2014; Smith
etal., 2014).

Restoration of vegetation, following sheep grazing, should
seek to restore multiple vegetation characteristics. Firstly, the
quality of the existing grassland habitats, by increasing diversity,
heterogeneity of the vegetation and abundance of habitat indica-
tor species (Lyons et al., 2018; Mitchley & Xofis, 2005). Secondly,
reduce the dominance of grass, allowing the recovery of herbs,
trees and shrubs. At a smaller scale this could mean a less grass-
dominated sward, with greater forb coverage (Téth et al., 2018;
Watts et al., 2019). At a larger scale, a transition to other habi-
tats such as woodland and heathland (Pollock et al., 2013; Porton
et al., 2024). Lastly, increase the height and structure of vegeta-
tion and its structural heterogeneity (Fuller & Gough, 1999; Lyons
et al., 2018; Pollock et al., 2013).

Despite the high grazing intensity of sheep across the UK up-
lands driving the homogenous vegetation in many areas (Pakeman
& Fielding, 2021), simply reducing sheep grazing intensity may not
fully restore vegetation. Typically, reducing grazing intensity to an
intermediate level would be expected to be optimum for vegeta-
tion diversity (Wang & Tang, 2019). However, sheep are highly se-
lective in how they graze, relative to other grazers such as cattle.
Their small body and jaw size allow sheep to graze on the most
nutritious species and parts of plants (Marrs, Lee, et al., 2020;
Rook et al., 2004). Even at a low density, the selectivity of sheep

as livestock exclusion.

5. Practical implication. Changing from sheep grazing, even at a low intensity, to ex-
tensive cattle grazing restores calcareous habitat diversity and quality. Restoration

of vegetation height and structure may require other grazing management such

calcareous grassland, cattle, ecological restoration, livestock exclusion, sheep, upland grazing
management, vegetation

would likely act to maintain low-diversity grasslands, with forbs
and tree seedlings unable to regenerate (Lyons et al., 2018; Porton
et al., 2024).

Livestock exclusion is the most common management used
to restore vegetation at upland sites following sheep grazing and
there is a wealth of research from other upland areas in the UK
on the effects this may have (Evans et al., 2015; Lyons et al., 2017,
Milligan et al., 2016). Generally, the results show increased vegeta-
tion height and structure and a transition from grassland towards
woodland or moorland (Anderson & Radford, 1994; Grant, Bolton,
& Torvell, 1985; Hope et al., 1996; Hulme et al., 2002; Pakeman &
Nolan, 2009). However, species richness may be reduced as grazing
tolerant species are replaced by more competitive species (Lyons
et al., 2017).

The second option of using an alternative grazer, such as cattle
or ponies, is less common and is mainly implemented in areas prior-
itising plant species diversity. Less evidence exists on the benefits
of alternative grazers in the UK uplands and effects are often more
complex to study, as grazing intensity, breed of livestock and season-
ality of grazing can all be confounding factors (Hester et al., 1996;
Lyons et al., 2018; Newborn, 2000; Tallowin et al., 2005). Switching
to a less selective grazing animal would be expected to increase
species richness of vegetation, whilst also allowing restoration of
forbs and trees (Lyons et al., 2018; Porton et al., 2024). However,
the increase in vegetation height, structure and biomass expected
with grazing exclusion may not occur (Evans et al.,, 2015; Lyons
et al., 2017; Lyons et al., 2018). Lower intensity grazing by grazers
like cattle is often seen as a good trade-off, potentially combining
the benefits of both approaches.

In this study we aim to understand and evaluate how transi-
tioning from low intensity sheep grazing to low intensity cattle
grazing has restored vegetation at an upland site dominated by
calcareous grassland. The aims of this change in management
were to improve the quality and diversity of the calcareous habi-
tats and increase the structural diversity. To evaluate the success
of these objectives we use data from long-term quadrat monitor-
ing. Diversity was measured using species richness and evenness.
Habitat quality was measured using the abundance of upland cal-
careous grassland indicators. Structural complexity was assessed
using vegetation height data, with both average height and vari-
ation in height considered. A number of other key restoration
measures were also evaluated including the proportion cover of
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grasses, herbs and other plant groups and the abundance of indi-
vidual plant species. This will allow a wider assessment of resto-
ration success and allow greater understanding of how switching
from sheep to cattle has changed the vegetation. This evidence
will help inform future conservation strategies at similar sites
across the UK uplands.

2 | MATERIALS AND METHODS
2.1 | Studysite

The study site was Ingleborough National Nature Reserve (NNR) in
the Yorkshire Dales National Park, England (54.18°N, 2.36°E). This
study focused on a 308-hectare area at the south of Ingleborough
NNR, dominated by calcareous grassland, with smaller areas of
limestone pavement, neutral grassland and dwarf shrub heath
(Figure 1). The dominant species at the site were Sesleria caerulea,
Festuca ovina, Agrostis capillaris and Carex flacca, with frequent
herb species such as Linum catharticum, Thymus polytrichus, Lotus

corniculatus and Euphrasia sp.

Plot locations

Year grazing changed to cattle
2004
© 2009
e 2018
3 ingleborough National Nature Reserve

0 0.5
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The dominant land use across the region is sheep grazing and
historically the NNR was also grazed by sheep. However, over time,
different land parcels on the NNR have had sheep replaced with red
poll and short horn cattle, with some sites having a period of mixed
grazing before switching exclusively to cattle. The first site removed
sheep in 2004, with the last area seeing sheep removed in 2018
(Figure 1).

Cattle grazing intensity is approximately 0.2 livestock units (LU)
ha™tyear™, when one adult individual is worth one livestock unit,
with the cattle grazing throughout the year. The cattle grazing re-
placed sheep grazing of comparable intensity, with five to seven
sheep being considered equal. Any changes in vegetation over
time since sheep have been removed are therefore likely attrib-
utable to the change in livestock rather than a change in grazing
intensity. Both previous sheep grazing and current cattle grazing
were of a low intensity and much lower than the average stock-
ing rate of 0.74LU hatyear? in upland areas of England (Harvey
& Scott, 2016). Rotation of cattle between sites takes place and
over time they have been able to roam an increasingly large area.

The only other major vegetation management undertaken is thistle

scything and ragwort pulling.

Source: Esri, Vantor, Earthstar Geographics, and the GIS User Community

1 km A
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FIGURE 1 A map to show the locations of the 19 plots included in this study and the year grazing was changed from sheep to cattle.

Ingleborough National Nature reserve boundary is shown in black.
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2.2 | Data collection

Structured monitoring of vegetation started in 2010 on the
NNR with Natural England's Long Term Monitoring Network
(Nisbet et al., 2017). In this study we focussed on a subset of 19
of these plots (Figure 1) in the southern area of the NNR that
have all undergone a change from sheep to cattle grazing. Plots
not on limestone soil were also excluded (Soil Parent Material
Model, 2018).

The methodology uses 2m x 2 m quadrats, which have been mon-
itored every 4years in late July or August since 2010. The locations
of these plots had been selected to ensure all habitats were covered
across the entire NNR, with exact plot location being selected at
random. Of the 19 plots in this study, 14 were calcareous grassland,
with the remainder made up of: limestone pavement; acid grassland;
purple moor grass and rush pasture; dwarf shrub heath and blanket
bog. All plots are marked with a fenomarker in the southwest corner
of the plot. The included plots (19) had a mean elevation of 350m,
with a range of 290-395m.

The 2mx2m plots are made up of 25 smaller cells, each measur-
ing 40cmx40cm. In each of these smaller cells, the presence of all
vascular and non-vascular plants is recorded to species level where
possible. This records both whether the species is present within the
plot and also its frequency within the plot. The percentage of the
whole plot that each species covers is also visually estimated.

Vegetation height is recorded in centimetres in each cell using a
200g drop disc and metre ruler, with height being recorded at the
centre of the disc. This method of measuring vegetation height also
captures differences in biomass and structure. For example, a plot
with thicker vegetation would have a greater height when recorded
using the drop disc than another plot with more open vegetation,
even if the maximum height in the plot is similar. The presence of
bare rock, defined as rock with no soil overlaying it, is also recorded
in each of the smaller cells, with a total frequency of bare rock then
also calculated. The aspect and slope were also recorded in degrees,
using a compass and clinometer.

2.3 | Vegetation characteristics

A number of vegetation characteristics were used for evaluating
restoration success. These characteristics were: species
composition; species richness; species evenness; proportion cover
of herbs, grasses, sedges, rushes, bryophytes and trees and shrubs;
vegetation height; variation in vegetation height; frequency of
upland calcareous grassland indicators and lastly the frequency of
individual plant species.

Species richness and evenness were used to represent diversity
within plots. Species richness was simply the number of species re-
corded within each 2mx2m quadrat. Species evenness was calcu-
lated using Shannon's evenness index, using the proportion cover
of each species within a plot to represent the dominance of each
species.

The frequency of upland calcareous grassland indicator species
in a plot was used to assess habitat quality due to upland calcareous
grassland being the dominant habitat. Upland calcareous grassland
indicator species were taken from a Natural England (2012) report
on assessing habitat restoration. Of these species, the following
were present within the survey data: Primula farinosa, Lotus cornicu-
latus, Helianthemum nummularium, Euphrasia sp., Linum catharticum,
Gentianella amarella, Campanula rotundifolia, Pilosella officinarum,
Leontodon hispidus, Sanguisorba minor, Carex caryophyllea, Carex
flacca, Carex panicea and Carex pulicaris. The frequency of all these
indicator species within a plot was summed to give a total upland
calcareous grassland indicator frequency for each plot.

The next set of vegetation characteristics considered was the
proportion of the total vegetation cover comprised of: herbs; bryo-
phytes; trees and shrubs; grasses; rushes and sedges to understand
if the change in management was reducing the dominance of grass.
This was calculated by dividing the total summed percentage cover
of all species within each vegetation type by the total percentage
cover of all plants within the plot.

Vegetation height, measured using the drop disc, and the varia-
tion in vegetation height were also considered. Vegetation height for
a plot was calculated as the mean height of the 25 measurements,
with variation in vegetation height being the variance across those
measurements. Values of zero were removed from both datasets.

Lastly, to provide further evidence of how habitats are chang-
ing, the proportion of cells within a plot that individual plant species
occupied was considered. This was the number of cells the plant oc-
curred in within the plot divided by 25 (the total number of cells).
Species that were frequently only identified to genus level were
grouped to the genus level.

2.4 | Dataanalysis

To investigate how the vegetation was changing over time since
sheep were at the site, a variable (YEARS_SINCE_SHEEP) was
created for the number of years since sheep had been removed and
had been fully replaced with cattle. This would be the main variable
of interest within this study and across surveys values ranged from
0 to 18years since sheep.

Several other variables were used to account for environmental
differences between the plots. Firstly, a continuous variable for the
number of cells out of 25 containing bare rock (ROCK), ranging from
0 to 24. Secondly, a continuous variable for aspect was included to
account for variation between north and south facing plots. The
variable was the degrees from north of the aspect of the plot, such
that east and west facing quadrats would both be 90°. Thirdly, slope
was also included, with values ranging from 0° to 15°. Both slope
(SLOPE) and aspect (ASPECT) were scaled using z-score normalisa-
tion. The ID of the plot (PLOT_ID) being surveyed and the year of
survey (YEAR) were also considered important.

Analysis started by testing whether changing grazing from sheep
to cattle had changed the plant community composition across all
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19 plots across the 12 monitored years. A distance-based redun-
dancy analysis (db-RDA) was used in the vegan package (Oksanen
etal., 2007). The YEARS_SINCE_SHEEP variable was included, along
with ROCK and an interaction term between SLOPE and ASPECT to
account for environmental differences between plots. To control for
repeated sampling of the same plots across multiple years, PLOT_ID
and YEAR were included as conditioning terms. This allowed for the
calculation of Bray-Curtis dissimilarities between plots, which ac-
counted for the effects of each variable. The significance of each
term was then evaluated using permutation-based ANOVA with 999
permutations, testing marginal effects sequentially.

To evaluate the effect that changing from sheep to cattle graz-
ing had on the vegetation characteristics we used generalised linear
mixed models, using the glmmTMB package (Brooks et al., 2017).
This analysis included data from all 19 plots, each monitored every
4years over a 12-year period. To aid interpretation, the following
single model structure was applied throughout the modelling pro-
cess and was chosen based on an a priori analysis:

~YEARS_SINCE_SHEEP +ROCK+SLOPE xASPECT

+(1| PLOT_ID)+(1| YEAR).

Only the effect of YEARS_SINCE_SHEEP is reported, but
full model outputs can be found in the Supporting Information.
Multicollinearity between all variables included as fixed effects
was ruled out using Pearson's correlation coefficient. Distance-
based spatial autocorrelation was tested using Moran's | test using
DHARMa::testSpatialAutocorrelation() (Hartig, 2024) with no issues
found.

Species richness was modelled using a Poisson distribution,
whilst species evenness was modelled using a Gaussian distribution
after applying a logit transformation. The frequency of upland cal-
careous grassland indicators was modelled with a negative binomial
distribution. Proportion cover for each vegetation type was mod-
elled using a beta distribution, with values transformed following
Smithson and Verkuilen (2006) to ensure they were bounded be-
tween 0 and 1. Vegetation height was modelled using a Gaussian
distribution. Variation in vegetation height was modelled with a
gamma distribution, following the removal of two outliers identified
as having a z-score greater than 3.

The proportion of cells within a plot that a species occupied was
modelled for a total of 44 different species and genus, with the other
species occurring too infrequently to be included. Due to the large
number of zeros in many species data, a zero-inflated beta model
was chosen. This model uses a two-step approach, separately mod-
elling the probability a species is absent from a plot and then the
proportion of cells occupied in plots where it is present. Firstly,
the probability of a species being absent from a plot is modelled
using a binomial distribution, in the zero-inflated part of the model.
Secondly, the proportion of cells a species occupied within a plot it
was present is modelled with a beta distribution, in the conditional
part of the model. The above-mentioned model structure was tested
in both the conditional and zero-inflated part of the model. This
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was because the change in grazing management and the environ-
mental variables could potentially explain why both a species was
either present or absent from a plot and also its proportion cover
when present. The exception to this structure was for Danthonia
decumbens, Euphrasia sp., Fissidens sp., Helicotrichon pratense,
Plantago lanceolata, Racomitrium lanuginosum, Luzula campestris,
Veronica officinalis, Holcus lanatus and Potentilla erecta, which had
the random effect of YEAR excluded due to the small sample size.
Prior to modelling, species with a proportion of cells occupied of 1
were changed to 0.999 because zero-inflated beta models require
non-zero proportions to be bounded between 0 and 1. Estimates
from both components of the zero-inflated model were combined
to calculate the predicted change in number of cells occupied for
each modelled species 18years after sheep grazing was replaced
by cattle grazing. All analysis took place in R version 4.3.0 (R Core
Team, 2023).

3 | RESULTS

Across all surveys (76 plots over 12years) there was a total of 180
plant species recorded, with a mean of 29.54 (SD=9.19) in each sur-
vey plot. Of these species, Sesleria caerulea, Carex flacca and Festuca
ovina had the greatest percentage cover across all the plots (Table 1).
Rhytidiadelphus squarrosus, Festuca ovina and Pseudoscleropodium
purum were the species occupying the greatest proportion of plots.
The most common herb species were Potentilla erecta, Thymus pol-
ytrichus and Linum catharticum.

The db-RDA showed that changing from sheep to cattle led to
a significant change in the species composition (F=5.26, p<0.001).
Both the frequency of bare rock (F=3.37, p<0.003) and the inter-
action between slope and aspect (F=7.74, p<0.001) had significant
effects also. The latter, indicating that the effect of aspect on spe-
cies composition was dependent on slope.

There was a significant increase in species richness following
the transition from sheep to cattle grazing ($=0.02, SE=0.005,
z=3.94, p<0.001). The model predicts that changing management
from sheep to cattle grazing will increase the number of plant spe-
cies per plot by 10, 95% CI [1, 20] after 18years, equivalent to a
41%, 95% Cl [3%, 93%] increase in species richness following sheep
removal (Figure 2a). However, there was no change in species even-
ness following the cessation of sheep grazing ($=-0.01, SE=0.02,
z=-0.73, p=0.464). The habitat quality of the upland calcareous
grassland also improved, with indicator species showing a significant
increase post sheep grazing (=0.03, SE=0.01, z=3.96, p<0.001)
(Figure 2b).

Across all plots and years, vegetation was dominated by
grass, with a mean proportion cover of 0.49 (SD=0.20). Herbs
(mean=0.17, SD=0.13), sedges (mean=0.17, SD=0.13) and bryo-
phytes (mean=0.12, SD=0.09) made up most of the rest of veg-
etation, with trees and shrubs (mean=0.04, SD=0.09) and rushes
(mean=0.01, SD=0.05) covering the smallest area. However,
grasses did become less dominant with increasing years since sheep,
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Top 10 species by percentage of plots

TABLE 1 Top 10 species by the mean
percentage cover across all plots and the

Top 10 species by mean percentage cover occupied .
top 10 species by percentage of plots
Percentage occupied.
Mean percentage plots occupied
Species cover (%) Species (%)
Sesleria caerulea 22.23 Rhytidiadelphus 89.47
squarrosus
Carex flacca 11.82 Festuca ovina 86.84
Festuca ovina 11.26 Pseudoscleropodium 77.63
purum
Agrostis capillaris 9.26 Potentilla erecta 76.32
Festuca rubra 7.80 Carex flacca 72.37
Rhytidiadelphus squarrosus 6.01 Sesleria caerulea 72.37
Trichophorum germanicum 5.39 Briza media 71.05
Calluna vulgaris 3.82 Thymus polytrichus 71.05
Anthoxanthum odoratum 3.39 Linum catharticum 69.74
Hypnum jutlandicum 3.09 Lotus corniculatus 65.79
(a) (b)sco () s
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3
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Years since grazing changed from sheep to cattle

FIGURE 2 Predicted change in species richness (a), frequency of calcareous grassland indicators (b) and mean vegetation height in
centimetres (c) with increasing years since a change in management from sheep to cattle. All predictions are at the mean value for any other
covariates within the model. 95% confidence intervals are shown with green shading and individual data points in grey.

with a decrease in proportion cover following cessation of sheep
grazing (f=-0.04, SE=0.01, z=-2.98, p=0.003) (Figure 3a). The
only vegetation type to increase following the change from sheep
to cattle grazing was bryophytes ($=0.06, SE=0.02, z=2.75,
p=0.006) (Figure 3b). There was no significant effect of switching to
cattle grazing on the percentage cover of herbs (=0.01, SE=0.02,
z=0.63, p=0.530), sedges (=0.03, SE=0.02, z=1.8, p=0.073),
trees and shrubs ($=0.03, SE=0.08, z=0.40, p=0.690) or rushes
(p=-0.01,SE=0.02, z=-0.23, p=0.816).

The mean vegetation height across all plots was 7.10cm
(SD=2.64cm). There was a significant decrease in vegetation
height following the cessation of sheep grazing (3=-0.16, SE=0.04,

z=-3.55,p<0.001). Vegetation height was predicted to be 8.65cm,
95% Cl [7.57 cm, 9.73 cm] at the point of sheep removal and then de-
crease to 5.80cm, 95% Cl [4.91cm, 6.68cm] after 18 years of cattle
grazing (Figure 2c). There was no effect of the change from sheep
to cattle grazing on the variation in vegetation height within a plot
(p=-0.02,SE=0.02, z=-1.21, p=0.227).

The individual species models showed, from the tested 44 spe-
cies, 20 species had a significant change following the removal of
sheep (Figure 4). A total of 13 species significantly increased their
frequency in plots in which they were present. Of these, four were
herbs (Linum catharticum, Achillea millefolium, Lotus corniculatus and
Plantago lanceolata) and three were upland calcareous grassland
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FIGURE 3 Predicted change in the proportion cover of grass (a) and bryophytes (b) with increasing years since a change in management
from sheep to cattle. All predictions are at the mean value for any other covariates within the model. 95% confidence intervals are shown

with green shading and individual data points in grey.

indicator species (Carex flacca, Lotus corniculatus and Linum ca-
tharticum). However, the frequency of three species (Carex pulica-
ris, Galium saxtile and Trifolium repens) decreased in the plots they
were present following the change to cattle grazing, with Carex
pulicaris being an upland calcareous grassland indicator. The cessa-
tion of sheep grazing led to a significant increase in the probability
of Euphrasia sp. and Fissidens sp. being present within a plot, with
Euphrasia sp. being an upland calcareous grassland indicator species.
Meanwhile, the probability of both Helictotrichon pratense and Carex
caryophyllea being present decreased, with Carex caryophyllea being

an upland calcareous grassland indicator.

4 | DISCUSSION

This study used 12years of repeated vegetation monitoring to
evaluate vegetation restoration after a transition from sheep to cattle
grazing at a calcareous upland site. Replacing light sheep grazing
with light cattle grazing changed the overall species composition
of vegetation and increased vegetation species richness, frequency
of upland calcareous grassland indicators and proportion cover
of bryophytes. Vegetation height and proportion cover of grasses
decreased following the transition.

Our results show that replacing sheep grazing with cattle graz-
ing, at a similar low intensity (around 0.2LUha tyear™), led to

increased species richness of plants at the calcareous upland site
over 18 years. This supports previous research across similar hab-
itats, where higher species richness was found on cattle grazed
plots than sheep grazed plots with a low grazing intensity (Lyons
et al., 2018). This outcome is likely due to differences in how
sheep and cattle graze, with sheep being more selective in the
species and parts of plants they target, as well as consuming more
forbs (Cuchillo-Hilario et al., 2018; Grant, Suckling, et al., 1985;
Putfarken et al., 2008; Rook et al., 2004). Sheep grazing has been
shown to reduce the number of more nutritious, palatable and di-
gestible species and so switching to a less selective grazing ani-
mal is likely to allow these plant species to recover (Marrs, Lee,
et al., 2020). It is also likely that more plants will get a chance to
set seed, due to fewer flowers being consumed. A second mech-
anism may be increased trampling and ground disturbance from
cattle, creating more regeneration niches for species to colonise
as it is unlikely the seed bed alone explains the increase in species
richness (Grubb, 1977; Marrs, McAllister, et al., 2020). Seeds may
also be spread by cattle being rotated between the sites and in-
creasingly being able to roam a larger area (Baltzinger et al., 2019;
Cosyns et al., 2005).

The switch from sheep to cattle grazing also reduced the pro-
portion cover of grasses within the vegetation. Lower grass cover-
age on cattle grazed than sheep grazed sites has also been shown
in other studies on calcareous grasslands (Lyons et al., 2017).
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FIGURE 4 Predicted change in frequency per plot for 44 plant species, with 95% confidence intervals, after 18 years of cattle grazing
following sheep removal. Species are split into bryophytes; grasses, rushes and sedges and herbs and then sorted in ascending order.

Predictions combine both conditional and zero-inflated estimates. Upland calcareous grassland indicator species are shown in bold. The
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This change is also likely due to cattle being less selective when
they graze, as they will consume more of the coarse grass spe-
cies such as Anthoxanthum odoratum, previously not targeted by
sheep (Cuchillo-Hilario et al., 2018; Grant, Suckling, et al., 1985;
Lépez et al., 2003; Rook et al., 2004). Bryophytes were the main
plant type to replace the grass coverage, with species such as
Rhytidiadelphus squarrosus, Neckera crispa and Calliergonella cus-
pidata increasing their frequency. This suggests the lower grass
cover has resulted in a more open sward, allowing more light to
reach bryophytes on the ground, allowing more space for these
species to grow (Lyons et al., 2022; Van der Wal et al., 2005). The
creation of microtopographical features through greater trampling
by cattle may also provide new microhabitats for bryophytes to
grow (Oldén & Halme, 2016).

There was no increase in proportion cover of herbs or trees
and shrubs, which would have been expected given that sheep
feed on a greater proportion of forbs in their diet (Grant, Suckling,
et al., 1985). Despite this, the frequency of some key upland cal-
careous grassland herbs such as Lotus corniculatus, Linum cathar-
ticum and Euphrasia sp. increased, as well as other herb species
such as Achillea millefolium and Plantago lanceolata. The small size
of these species, particularly Euphrasia sp. and Linum catharti-
cum, likely meant their increase in frequency was not enough to
increase the proportion cover of herbs overall. The frequency of
these herb species likely increased due to not being selected so
heavily by cattle (Cuchillo-Hilario et al., 2018; Grant, Suckling,
et al., 1985; Putfarken et al., 2008; Rook et al., 2004), with flowers
also being able to set seed more frequently and spread. Rotation
of cattle between sites may have also allowed greater seed dis-
persal, through both epizoochory and endozoochory (Baltzinger
et al., 2019; Cosyns et al., 2005). The herb species will also face

less competition with grasses due to reduced grass cover, and
greater trampling by cattle is also likely to create more regenera-
tion niches for their seeds to establish.

Vegetation height was found to decrease following the change
from sheep to cattle grazing. This small reduction in vegetation
height may be the result of a change in the vegetation composition
rather than the direct removal of vegetation by grazing. The previ-
ous low intensity sheep grazing resulted in thick, grass dominated
vegetation. The switch to cattle grazing reduced the grass coverage
and is likely to have created a more open sward, leading to shorter
vegetation height measurements. Previous studies on similar habi-
tats, with similar low grazing intensity, also show a reduced height
on cattle-grazed compared to sheep-grazed sites (Lyons et al., 2017).

Switching from sheep to cattle at this upland calcareous site
proved to be highly successful for restoring the diversity and
quality of upland calcareous grassland habitats, which was one of
the key objectives for the change in management. Species rich-
ness was shown to increase by 41%, 95% Cl [3%, 93%] follow-
ing 18years of cattle grazing. There was also a reduction of the
dominance of grasses within the sward and although there was
no increase in herb cover, several key herb species such as Linum
catharticum, Euphrasia sp. and Lotus corniculatus did increase in
frequency. Calcareous grassland restoration is important due to
its high conservation value and importance to other biodiversity,
particularly invertebrates (Van Swaay, 2002). Large areas have,
however, been lost due to intensification, fertiliser application
and land abandonment across Europe (Fischer & Stocklin, 1997,
Wallis de Vries et al., 2002). Cattle grazing at Ingleborough has in-
deed been shown to benefit butterfly populations, with five times
the abundance on cattle grazed than sheep grazed sites (Wrigley
et al.,, 2026). This increase is likely driven by the calcareous
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grassland restoration, with greater species diversity leading to
greater food plant and floral resource availability.

The evidence from this study, however, does not suggest that
changing from sheep to cattle grazing restored the height and struc-
tural diversity of vegetation, another key objective for the change
in management. However, the same plots studied here have shown
increased tree colonisation following the change to cattle grazing
(Porton et al., 2024). This suggests, at a larger scale, cattle grazing
may have increased the structural heterogeneity of vegetation.
Diversity of ground flora is often prioritised in restoration, particu-
larly on calcareous habitats due to the high floral diversity and pres-
ence of rare species. However, often overlooked is the important
role that structural heterogeneity plays in the restoration of biodi-
versity (Wallis de Vries et al., 2002). Increased vegetation height and
structure from decreasing grazing intensity have been shown to lead
to trophic cascades at other upland sites, with increased arthropod
abundance leading to an increase in meadow pipit territories and in-
creased field vole abundance in turn increasing fox activity (Evans
etal., 2015; Villar et al., 2013). The diversity in vegetation height and
structure is also important for creating a broad range of microhabi-
tats, creating niches for a wider range of species and protection from
climate extremes (Lyons et al., 2018; Scheffers et al., 2014).

There s, at the small scale of the plots studied here, a likely trade-
off between species diversity and vegetation height and structure.
Restoration of vegetation height and structure may require a reduc-
tion or cessation of grazing (Lyons et al., 2017; Lyons et al., 2018).
This would, however, lead to competitive grass species dominating
and the loss of grazing-tolerant species (Lyons et al., 2017). However,
whilst simultaneous restoration of diversity and vegetation height
may not be possible within the same plot, at a landscape scale both
could be achieved. Different restoration managements at differ-
ent sites, with different grazing animals, intensity and even total
grazing cessation could be used to achieve multiple trajectories of
restoration across a landscape. Habitat heterogeneity may also be
achieved more naturally by herbivores being able to roam freely
over even greater areas, simulating wild large herbivores (Trepel
et al., 2024), however, more research is needed on how this can be
used as a restoration tool. The diversity of habitats in a landscape,
on top of the diversity of those habitats, is crucial for restoring bio-
diversity at a landscape scale (Hackett et al., 2024).

One of the key limitations of this study is the small (2mx2m)
plots of limited number (n=19) surveyed over an area of 308 hect-
ares. This means we could not assess restoration success of larger
scale metrics of diversity, such as beta diversity and larger scale
heterogeneity of vegetation height. Here, we assessed heteroge-
neity by using species evenness within a plot and with variation in
height within a plot. Studying the variation in species composition
and vegetation height between plots would likely provide better
evidence to evaluate the success of objectives relating to vegeta-
tion heterogeneity. This would require an increase in the number of
plots surveyed. Larger scale assessment of vegetation heterogeneity

should therefore be a priority for future research at the site. The
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study does, however, highlight the importance of long-term moni-
toring like Natural England's Long Term Monitoring Network (Nisbet
et al., 2017). Repeated vegetation surveys of the same plot every
4years allow the tracking of long-term biodiversity change and helps
understand the effect of a change in management.

5 | CONCLUSIONS

Changing management from low-intensity sheep grazing to low-
intensity cattle grazing was shown to be highly successful at restoring
vegetation species diversity, upland calcareous grassland habitat
quality and helped create a more open, less grass-dominated sward.
This evidence supports the ongoing management at Ingleborough
NNR and highlights that sheep grazing, even when grazing intensity
is reduced to much lower than is typical for the uplands, is not
optimal for restoration of calcareous habitats. Agri-environment
schemes aiming to increase vegetation diversity and the condition
of upland calcareous grasslands should therefore be incentivising a
transition to extensive cattle grazing instead.

The only key vegetation restoration metric that was not found to
be restored by switching from sheep to cattle, within our small-scale
plots, was vegetation height and structure. Restoration of this may
require reducing grazing intensity or complete grazing exclusion. To
ensure all restoration objectives are met at a landscape scale, differ-
ent grazing management could be implemented at some sites, with
some sites having a lower grazing intensity or being left ungrazed. A
wider range of grazers and allowing them to roam greater areas may
also help achieve this. Larger scale variation in vegetation diversity,
height and structure should be a priority for future monitoring.

AUTHOR CONTRIBUTIONS

George Porton, Dominick Spracklen and Robyn Wrigley conceived
the ideas. George Porton analysed the data. George Porton led the
writing of the manuscript. All authors contributed critically to the
drafts and gave final approval for publication.

ACKNOWLEDGEMENTS

We would like to acknowledge Natural England and Andrew Hinde at
Ingleborough National Nature Reserve for making this study possible
and providing permission for surveys on their land. This study
would not have been possible without Natural England's Long Term
Monitoring Network, which set up the methodology and collected
the data. We would also like to thank all additional volunteers who
helped collect data. We acknowledge funding and support from the
United Bank of Carbon, the Peter Sowerby Foundation, the Natural
Environment Research Council (NE/S015396/1), WWF, Aviva,
Yorkshire Wildlife Trust, Michael Uren Foundation, Natural England
and Woodland Trust.

CONFLICT OF INTEREST STATEMENT
There is no conflict of interest.

35UBDI T SUOWLIOD dA e8I 3|qedljdde sy Aq pausenob ae Sajoie VO ‘8sh J0 3| 10} Aeidi 8UIUO A3 UO (SUONIPUOI-PUe-SWLBY WO AB (1M Aeig1jul U0/ SdL) SUONIPUOD PuUe SWe 18U 88S *[9202/20/2T] Uo AReiqiauluo A8]IM ‘Aiqi uouay1oid ay 1 spse JO A1ISIBAIUN AQ ¥0Z0. 6TE8-8892/200T OT/I0p/Woo A3 1M Afeid i jpuljuo's feunosaq)/:sany woij pspeojumoq ‘T ‘9202 ‘6TE88892



100f11 BRITISH ¢ . . s
Eggg}ggm _Ecological Solutions and Evidence

PEER REVIEW

The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1002/2688-
8319.70204.

DATA AVAILABILITY STATEMENT
Data are available at: https://doi.org/10.5281/zenodo.18325302
(Porton et al., 2026).

ORCID

George Porton "= https://orcid.org/0009-0006-8512-4222

https://orcid.org/0009-0006-4944-0770
https://orcid.org/0000-0002-0187-969X

https://orcid.org/0000-0002-7551-4597

Robyn Wrigley
Catherine E. Scott
Dominick V. Spracklen

REFERENCES

Anderson, P., & Radford, E. (1994). Changes in vegetation following reduc-
tion in grazing pressure on the National Trust's Kinder Estate, Peak
District, Derbyshire, England. Biological Conservation, 69(1), 55-63.

Baltzinger, C., Karimi, S., & Shukla, U. (2019). Plants on the move: Hitch-
hiking with ungulates distributes diaspores across landscapes.
Frontiers in Ecology and Evolution, 7, 38.

Bond, S., Kirkby, M. J,, Johnston, J., Crowle, A., & Holden, J. (2020).
Seasonal vegetation and management influence overland flow ve-
locity and roughness in upland grasslands. Hydrological Processes,
34(18), 3777-3791.

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A., Berg,
C. W, Nielsen, A., Skaug, H. J., Maechler, M., & Bolker, B. M. (2017).
glmmTMB balances speed and flexibility among packages for zero-
inflated generalized linear mixed modeling. The R Journal, 9(2), 378-
400. https://doi.org/10.32614/RJ-2017-066

Cosyns, E., Claerbout, S., Lamoot, I, & Hoffmann, M. (2005).
Endozoochorous seed dispersal by cattle and horse in a spatially
heterogeneous landscape. Plant Ecology, 178(2), 149-162.

Cuchillo-Hilario, M., Wrage-Mdénnig, N., & Isselstein, J. (2018). Forage
selectivity by cattle and sheep co-grazing swards differing in plant
species diversity. Grass and Forage Science, 73(2), 320-329.

Dallimer, M., Tinch, D., Acs, S., Hanley, N., Southall, H. R., Gaston, K. J.,
& Armsworth, P. R. (2009). 100years of change: Examining agricul-
tural trends, habitat change and stakeholder perceptions through
the 20th century. Journal of Applied Ecology, 46(2), 334-343.

Dennis, P., Skartveit, J., McCracken, D. I., Pakeman, R. J., Beaton, K.,
Kunaver, A., & Evans, D. M. (2008). The effects of livestock grazing
on foliar arthropods associated with bird diet in upland grasslands
of Scotland. Journal of Applied Ecology, 45, 279-287.

Edgar, M. (2019). Optimizing grazing management for climate mitiga-
tion: The influence of livestock grazing on carbon storage and green-
house gas emission in upland grassland (Doctoral dissertation). The
University of Manchester.

Evans, D. M., Villar, N, Littlewood, N. A., Pakeman, R. J,, Evans, S. A.,
Dennis, P., Skartveit, J., & Redpath, S. M. (2015). The cascading im-
pacts of livestock grazing in upland ecosystems: A 10-year experi-
ment. Ecosphere, 6(3), 1-15.

Fischer, M., & Stocklin, J. (1997). Local extinctions of plants in rem-
nants of extensively used calcareous grasslands 1950-1985:
Extincidnes locales de Plantas en Remanentes de Pastizales
Calcareos de Uso extensivo entre 1950 y 1985. Conservation
Biology, 11(3), 727-737.

Fletcher, T. I, Scott, C. E., Hall, J., & Spracklen, D. V. (2021). The carbon
sequestration potential of Scottish native woodland. Environmental
Research Communications, 3(4), 041003.

PORTON ET AL.

Fuller, R. J. (1996). Relationships between grazing and birds with particular
reference to sheep in the British uplands. British Trust for Ornithology.
Fuller, R. J., & Gough, S. J. (1999). Changes in sheep numbers in Britain:
Implications for bird populations. Biological Conservation, 91(1), 73-89.

Gao, J., Holden, J., & Kirkby, M. (2017). Modelling impacts of agricultural
practice on flood peaks in upland catchments: An application of the
distributed TOPMODEL. Hydrological Processes, 31(23), 4206-4216.

Grant, S. A, Bolton, G. R., & Torvell, L. (1985). The responses of blanket
bog vegetation to controlled grazing by hill sheep. Journal of Applied
Ecology, 22, 739-751.

Grant, S. A,, Suckling, D. E., Smith, H. K, Torvell, L., Forbes, T. D. A., &
Hodgson, J. (1985). Comparative studies of diet selection by sheep
and cattle: The hill grasslands. The Journal of Ecology, 73, 987-1004.

Grubb, P. J. (1977). The maintenance of species-richness in plant commu-
nities: The importance of the regeneration niche. Biological Reviews,
52(1), 107-145.

Hackett, T. D., Sauve, A. M., Maia, K. P, Montoya, D., Davies, N., Archer,
R., Potts, S. G., Tylianakis, J. M., Vaughan, |. P., & Memmott, J.
(2024). Multi-habitat landscapes are more diverse and stable with
improved function. Nature, 633(8028), 114-119.

Hartig, F. (2024). _DHARMa: Residual diagnostics for hierarchical (multi-
level/mixed) regression models_. R package version 0.4.7. https://
CRAN.R-project.org/package=DHARMa

Harvey, D. R. H., & Scott, C. R. (2016). Hill farming in England 2014/15.

Heathwaite, A. L., Burt, T. P, & Trudgill, S. T. (1989). Runoff, sedi-
ment, and solute delivery in agricultural drainage basins: A scale-
dependent approach. International Association of Hydrological
Sciences Publication, 182, 175-191.

Hester, A. J., Mitchell, F. J. G., & Kirby, K. J. (1996). Effects of season and
intensity of sheep grazing on tree regeneration in a British upland
woodland. Forest Ecology and Management, 88(1-2), 99-106.

Hope, D., Picozzi, N., Catt, D. C., & Moss, R. (1996). Effects of reduc-
ing sheep grazing in the Scottish Highlands. Rangeland Ecology &
Management/Journal of Range Management Archives, 49(4), 301-310.

Hulme, P. D., Merrell, B. G., Torvell, L., Fisher, J. M., Small, J. L., &
Pakeman, R. J. (2002). Rehabilitation of degraded Calluna vul-
garis (L.) Hull-dominated wet heath by controlled sheep grazing.
Biological Conservation, 107(3), 351-363.

Lépez, I. F., Hodgson, J., Hedderley, D. I, Valentine, I., & Lambert, M. G.
(2003). Selective defoliation by sheep according to slope and plant
species in the hill country of New Zealand. Grass and Forage Science,
58(4), 339-349.

Lyons, A., Ashton, P. A., Powell, I., & Oxbrough, A. (2017). Impacts of con-
trasting conservation grazing management on plants and carabid
beetles in upland calcareous grasslands. Agriculture, Ecosystems &
Environment, 244, 22-31.

Lyons, A., Ashton, P. A, Powell, I., & Oxbrough, A. (2018). Epigeal spi-
der assemblage responses to vegetation structure under contrast-
ing grazing management in upland calcareous grasslands. Insect
Conservation and Diversity, 11(4), 383-395.

Lyons, A., Turner, S., & Ashton, P. A. (2022). Management of upland
calcareous grasslands for target vascular plant community im-
pacts upon abundance but not diversity of non-target bryophytes.
Biodiversity and Conservation, 31(3), 1023-1036.

Marrs, R. H., Lee, H., Blackbird, S., Connor, L., Girdwood, S. E., O'Connor,
M., Smart, S. M., Rose, R. J., O'Reilly, J., & Chiverrell, R. C. (2020).
Release from sheep-grazing appears to put some heart back into
upland vegetation: A comparison of nutritional properties of plant
species in long-term grazing experiments. Annals of Applied Biology,
177(1), 152-162.

Marrs, R. H., McAllister, H. A., Cho, K., Rose, R. J., O'Reilly, J., Furnes,
M., & Lee, H. (2020). Effects of long-term removal of sheep graz-
ing on the seedbanks of high-level grasslands and blanket bogs.
Proceedings of the National Institute of Ecology of the Republic of
Korea, 1(1), 22-30.

35UBDI T SUOWLIOD dA e8I 3|qedljdde sy Aq pausenob ae Sajoie VO ‘8sh J0 3| 10} Aeidi 8UIUO A3 UO (SUONIPUOI-PUe-SWLBY WO AB (1M Aeig1jul U0/ SdL) SUONIPUOD PuUe SWe 18U 88S *[9202/20/2T] Uo AReiqiauluo A8]IM ‘Aiqi uouay1oid ay 1 spse JO A1ISIBAIUN AQ ¥0Z0. 6TE8-8892/200T OT/I0p/Woo A3 1M Afeid i jpuljuo's feunosaq)/:sany woij pspeojumoq ‘T ‘9202 ‘6TE88892


https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.70204
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.70204
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.70204
https://doi.org/10.5281/zenodo.18325302
https://orcid.org/0009-0006-8512-4222
https://orcid.org/0009-0006-8512-4222
https://orcid.org/0009-0006-4944-0770
https://orcid.org/0009-0006-4944-0770
https://orcid.org/0000-0002-0187-969X
https://orcid.org/0000-0002-0187-969X
https://orcid.org/0000-0002-7551-4597
https://orcid.org/0000-0002-7551-4597
https://doi.org/10.32614/RJ-2017-066
https://cran.r-project.org/package=DHARMa
https://cran.r-project.org/package=DHARMa

PORTON ET AL.

Marshall, M. R., Ballard, C. E., Frogbrook, Z. L., Solloway, I., McIntyre,
N., Reynolds, B., & Wheater, H. S. (2014). The impact of rural land
management changes on soil hydraulic properties and runoff pro-
cesses: Results from experimental plots in upland UK. Hydrological
Processes, 28(4), 2617-2629.

Milligan, G., Rose, R. J., & Marrs, R. H. (2016). Winners and losers in a
long-term study of vegetation change at Moor House NNR: Effects
of sheep-grazing and its removal on British upland vegetation.
Ecological Indicators, 68, 89-101.

Mitchley, J., & Xofis, P. (2005). Landscape structure and management
regime as indicators of calcareous grassland habitat condition and
species diversity. Journal for Nature Conservation, 13(2-3), 171-183.

Monbiot, G. (2013). Feral: Searching for enchantment on the frontiers of
rewilding. Allen Lane.

Natural England. (2012). Assessing whether created or restored grassland is
a BAP Priority Habitat. https://webarchive.nationalarchives.gov.uk/
ukgwa/20150902172513/http://publications.naturalengland.org.
uk/publication/1649037

Newborn, D. (2000). The value of Hebridean sheep in controlling inva-
sive purple moor grass. Aspects of Applied Biology, 58, 191-196.

Nisbet, A., Smith, S. J., & Holdsworth, J. (Eds.). (2017). Taking the long
view: An introduction to Natural England's Long Term Monitoring
Network 2009-2016. Natural England Report NERRO70.

Oksanen, J., Kindt, R., Legendre, P., O'Hara, B., Stevens, M. H. H.,
Oksanen, M. J., & Suggests, M. A. S. S. (2007). The vegan package.
Community Ecology Package, 10(631-637), 719.

Oldén, A., & Halme, P. (2016). Microhabitat determines how grazing af-
fects bryophytes in wood-pastures. Biodiversity and Conservation,
25(6), 1151-1165.

Pakeman, R. J., & Fielding, D. A. (2021). Increased grazing drives homo-
genisation but reduced grazing increases turnover in upland habitat
mosaics. Biodiversity and Conservation, 30(14), 4279-4295.

Pakeman, R. J., & Nolan, A. J. (2009). Setting sustainable grazing lev-
els for heather moorland: A multi-site analysis. Journal of Applied
Ecology, 46(2), 363-368.

Pollock, M. L., Holland, J. P., Morgan-Davies, C., Morgan-Davies, J., &
Waterhouse, A. (2013). Reduced sheep grazing and biodiversity: A
novel approach to selecting and measuring biodiversity indicators.
Rangeland Ecology & Management, 66(4), 387-400.

Porton, G., Wrigley, R., Johanna, C., Martindale, D., Morgan, F., Coates,
L., Shaw, K., Kelly, C., Birnie, R., Perry, J., Pegler, E., Thom, T., Scott,
C., & Spracklen, D. (2026). Evaluating vegetation restoration fol-
lowing a transition from sheep to cattle grazing at a calcareous up-
land site. Zenodo. https://doi.org/10.5281/zenodo.18325302

Porton, G., Wrigley, R., Scott, C. E., & Spracklen, D. V. (2024). Natural col-
onisation rates in a UK upland landscape under different conserva-
tion management approaches following sheep removal. Ecological
Solutions and Evidence, 5(2), e12338.

Putfarken, D., Dengler, J., Lehmann, S., & Hardtle, W. (2008). Site use of
grazing cattle and sheep in a large-scale pasture landscape: A GPS/
GIS assessment. Applied Animal Behaviour Science, 111(1-2), 54-67.

R Core Team. (2023). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing. https://www.R-proje
ct.org/

Rook, A. J., Dumont, B., Isselstein, J., Osoro, K., WallisDeVries, M. F.,
Parente, G., & Mills, J. (2004). Matching type of livestock to de-
sired biodiversity outcomes in pastures—A review. Biological
Conservation, 119(2), 137-150.

Scheffers, B. R., Edwards, D. P., Diesmos, A., Williams, S. E., & Evans, T.
A. (2014). Microhabitats reduce animal's exposure to climate ex-
tremes. Global Change Biology, 20(2), 495-503.

Smith, S. W., Vandenberghe, C., Hastings, A., Johnson, D., Pakeman, R. J.,
Van Der Wal, R., & Woodin, S. J. (2014). Beyond upland exclosures:
What is the effect of low-intensity grazing on carbon storage? SRUC
and SEPA Biennial Conference—Agriculture and the environment

110f 11
BRITISH H . . .
Emwsw _Ecological Solutions and Evidence | 1ot

SOCIETY
X, delivering multiple benefits from our land: Sustainable develop-
ment in practice, Edinburgh, Scotland.

Smithson, M., & Verkuilen, J. (2006). A better lemon squeezer? Maximum-
likelihood regression with beta-distributed dependent variables.
Psychological Methods, 11(1), 54-71.

Soil Parent Material Model. (2018). [SHAPE geospatial data], scale
1:50000, tiles: sd66, sd86, Updated: 1 December 2018, BGS, Using:
EDINA Geology Digimap Service. https://digimap.edina.ac.uk

Tallowin, J. R. B., Rook, A. J., & Rutter, S. M. (2005). Impact of grazing
management on biodiversity of grasslands. Animal Science, 81(2),
193-198.

Toth, E., Dedk, B., Valké, O., Kelemen, A., Miglécz, T., Téthmérész, B.,
& Torok, P. (2018). Livestock type is more crucial than grazing in-
tensity: Traditional cattle and sheep grazing in short-grass steppes.
Land Degradation & Development, 29(2), 231-239.

Trepel, J., le Roux, E., Abraham, A. J., Buitenwerf, R., Kamp, J., Kristensen,
J. A, Tietje, M., Lundgren, E. J., & Svenning, J. C. (2024). Meta-
analysis shows that wild large herbivores shape ecosystem proper-
ties and promote spatial heterogeneity. Nature Ecology & Evolution,
8(4), 705-716.

Van der Wal, R., Pearce, |. S., & Brooker, R. W. (2005). Mosses and the
struggle for light in a nitrogen-polluted world. Oecologia, 142,
159-168.

Van Swaay, C. A. M. (2002). The importance of calcareous grasslands
for butterflies in Europe. Biological Conservation, 104(3), 315-318.

Villar, N., Lambin, X., Evans, D., Pakeman, R., & Redpath, S. (2013).
Experimental evidence that livestock grazing intensity affects the
activity of a generalist predator. Acta Oecologica, 49, 12-16.

Wallis de Vries, M. F., Poschlod, P., & Willems, J. H. (2002). Challenges
for the conservation of calcareous grasslands in northwestern
Europe: Integrating the requirements of flora and fauna. Biological
Conservation, 104(3), 265-273.

Wang, C., & Tang, Y. (2019). A global meta-analyses of the response of
multi-taxa diversity to grazing intensity in grasslands. Environmental
Research Letters, 14(11), 114003.

Watts, S. H., Griffith, A., & Mackinlay, L. (2019). Grazing exclusion and
vegetation change in an upland grassland with patches of tall herbs.
Applied Vegetation Science, 22(3), 383-393.

Wrigley, R., Porton, G., Whitaker, T., Newlands, C., Hinde, A., Morgan,
F., Waters, A., Benson, R., Greaves, J., Leigh, C., Lumsdon, C.,
Andrews, K., Shaw, K., Easton, E., Pegler, E., Martindale, D., James,
K., & Spracklen, D. V. (2026). The effect of different grazing man-
agements on butterfly abundance, diversity and composition at a
calcareous upland site. Ecological Solutions and Evidence.

SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.

Data S1: Supporting information.

How to cite this article: Porton, G., Wrigley, R., Carr, J.,
Martindale, D., Morgan, F., Ryder, S., Coates, L., Shaw, K.,
Kelly, C., Birnie, R., Perry, J., Pegler, E., Thom, T., Scott, C. E.,
& Spracklen, D. V. (2026). Evaluating vegetation restoration
following a transition from sheep to cattle grazing at a
calcareous upland site. Ecological Solutions and Evidence, 7,
€70204. https://doi.org/10.1002/2688-8319.70204

35UBDI T SUOWLIOD dA e8I 3|qedljdde sy Aq pausenob ae Sajoie VO ‘8sh J0 3| 10} Aeidi 8UIUO A3 UO (SUONIPUOI-PUe-SWLBY WO AB (1M Aeig1jul U0/ SdL) SUONIPUOD PuUe SWe 18U 88S *[9202/20/2T] Uo AReiqiauluo A8]IM ‘Aiqi uouay1oid ay 1 spse JO A1ISIBAIUN AQ ¥0Z0. 6TE8-8892/200T OT/I0p/Woo A3 1M Afeid i jpuljuo's feunosaq)/:sany woij pspeojumoq ‘T ‘9202 ‘6TE88892


https://webarchive.nationalarchives.gov.uk/ukgwa/20150902172513/http://publications.naturalengland.org.uk/publication/1649037
https://webarchive.nationalarchives.gov.uk/ukgwa/20150902172513/http://publications.naturalengland.org.uk/publication/1649037
https://webarchive.nationalarchives.gov.uk/ukgwa/20150902172513/http://publications.naturalengland.org.uk/publication/1649037
https://doi.org/10.5281/zenodo.18325302
https://www.r-project.org/
https://www.r-project.org/
https://digimap.edina.ac.uk
https://doi.org/10.1002/2688-8319.70204

	Evaluating vegetation restoration following a transition from sheep to cattle grazing at a calcareous upland site
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Study site
	2.2  |  Data collection
	2.3  |  Vegetation characteristics
	2.4  |  Data analysis

	3  |  RESULTS
	4  |  DISCUSSION
	5  |  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


