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Abstract

1. Butterfly populations have experienced substantial declines in recent decades
due to land-use change, agricultural intensification and climate change. In the UK
uplands, the impact of livestock grazing on butterfly populations has not been
well documented.

2. In this study we used long-term monitoring from the Ingleborough National
Nature Reserve in the English uplands to examine the impact of sheep grazing,
cattle grazing and ungrazed management on butterfly abundance and species di-
versity across an upland calcareous site.

3. Lightly cattle-grazed sites were found to have 4.9 times the abundance of but-
terflies compared to sites lightly grazed by sheep. There were 3.6 times as many
butterflies on ungrazed sites compared to sheep-grazed sites. The species rich-
ness of butterflies was also significantly higher on cattle-grazed and ungrazed
sites compared to sheep-grazed sites.

4. Our study provides evidence of the conservation benefits of low-intensity cattle
grazing for butterfly abundance and diversity on calcareous grasslands in the UK
uplands.

5. Practical implication. For effective butterfly conservation, a shift from sheep
grazing to light cattle grazing or stock exclusion in upland calcareous landscapes

should be considered.
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1 | INTRODUCTION

Grassland insects, including butterflies, have declined in abundance
and diversity in recent decades, as a result of agricultural
intensification, land-use change and climate change (Goulson, 2019;
Seibold et al., 2019; Wagner, 2020). Butterflies play important
ecosystem roles as pollinators, nutrient cyclers and prey (Ghazanfar
et al,, 2016). They also serve as key bioindicators of ecosystem
health due to their sensitivity to environmental change (Chowdhury
et al.,, 2023) and act as charismatic focal species for habitat
restoration efforts that benefit a broader range of taxonomic
groups (New, 1997; Spitzer et al., 2009). Despite their ecological and
conservation importance, butterfly populations are declining across
Europe, with particularly severe trends in the UK (Maes et al., 2019).
Within the UK, the state of butterfly populations is the worst in
England, where 62% of species have decreased in abundance since
the 1970s (Fox et al., 2023). Habitat specialists, characterised as
species with narrow niche requirements (Botham et al., 2015), are
especially at risk and contribute substantially to the overall declines
across England (Fox et al., 2023).

The drivers of declining butterfly populations are not fully un-
derstood, but changing land-use practices, such as grazing, may play
an important role. Grazing can indirectly influence butterflies by al-
tering vegetation structure and plant diversity (Bussan, 2022), and
while some research has examined effects on individual species (e.g.
Johansson et al., 2019; van Noordwijk et al., 2012), community-level
responses remain poorly understood. By contrast, the effects of
grazing on vegetation are well documented (e.g. Marrs et al., 2020;
Rook et al., 2004), providing insight into mechanisms that may in-
fluence butterfly populations. Both the type of grazing animal and
grazing intensity alter vegetation structure, diversity and compo-
sition (Fraser et al., 2007, 2014; Lyons et al., 2017). Differences in
vegetation heterogeneity arise partly from the distinctive feeding
habits and anatomy of different grazing animals. Sheep, with their
smaller body size and dental morphology, selectively feed on high-
nutrient plants (Demment & Van Soest, 1985; Rook et al., 2004), in-
creasing the cover of competitively dominant grasses and reducing
plant species richness compared with cattle-grazed systems (Lyons
et al., 2017; Porton et al., 2026). Cattle, by contrast, facilitate plant
regeneration by creating microtopographical features through tram-
pling (Thomas et al., 1986). In addition, reducing grazing intensity
leads to increased vegetation height and structural diversity (Péyry
et al., 2006). Vegetation structure and composition directly influ-
ence butterfly populations by determining resource availability,
with higher plant species richness providing host plants and nec-
tar sources, and structural heterogeneity creating microhabitats
for basking, thermoregulation, egg-laying and shelter (Farruggia
et al., 2012; Jerrentrup et al., 2014; Milberg et al., 2016; Ockinger
et al., 2006; Potts et al., 2009). This diversity supports both general-
ist and specialist butterfly species by meeting their varied ecological
needs (Turlure et al., 2019).

These vegetation-butterfly relationships are particularly rele-
vant in the UK uplands, where historical and ongoing grazing has

strongly shaped the landscape. These landscapes contain some of
the most ecologically diverse habitats across Europe, including cal-
careous grasslands, limestone pavements and temperate rainfor-
ests (Poschlod & Wallis de Vries, 2002; Wallis de Vries et al., 2002).
However, large-scale habitat loss and degradation driven by agri-
cultural intensification has meant these diverse habitats are now
rarer, highly fragmented and often in poor condition. Sheep num-
bers in England rose by 144% between 1950 and 1990 (Department
for Environment, Food and Rural Affairs, 2011) and, despite recent
decline, currently remain 60% higher than 1950 levels (Department
for Environment, Food and Rural Affairs, 2025). This intensification
has shaped the upland landscapes of England, which have long been
dominated by sheep farming, resulting in heavily grazed grasslands
interspersed with small patches of higher ecological value (Natural
England, 2009).

Despite grazing having large impacts on vegetation in the English
uplands, the effects of different grazing managements on butterfly
populations remain largely unstudied. Recent work has highlighted
the conservation benefits of low-intensity grazing with native breed
cattle (Porton et al., 2024), and a meta-analysis suggests that cat-
tle grazing can support butterfly communities (Bussan, 2022),
while livestock removal can enhance butterfly caterpillar survival
(Johansson et al., 2019; van Noordwijk et al., 2012). However, these
findings are based on individual species or have focused on lowland
habitats, leaving community-level responses in upland areas largely
unknown.

Here, we investigate the effects of sheep grazing, cattle graz-
ing and livestock exclusion on the abundance, species richness and
composition of butterfly communities at a calcareous upland site in
northwest England. By exploring these relationships, this study aims
to address key knowledge gaps regarding the impact of different
grazing management strategies on butterfly populations, informing
the development of environmentally conscious land management

practices in the UK uplands.

2 | MATERIALS AND METHODS
2.1 | Studysite

Data was collected from Ingleborough National Nature Reserve,
surrounding Yorkshire Wildlife Trust reserves and farmland in the
Yorkshire Dales National Park, England (Figure 1). Collectively,
the sites cover around 1200ha and are made up of a mix of acid,
calcareous and improved grassland, along with limestone pavement,
peatland and a few small fragments of trees and woodland. The
included sections of the butterfly transects (Figure 1) spread across
the lower sites, dominated by calcareous grassland and limestone
pavement, with an elevation range of 285-355m a.s.l.

The study site is situated within a landscape dominated by
sheep grazing, as is common for UK upland landscapes. However,
there is also a long history of nature restoration in the area, with a
focus on changing grazing management at some sites, from sheep
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FIGURE 1 A map displaying the location of Ingleborough National Nature Reserve (NNR) within a map of the UK. The righthand box
shows the locations of the butterfly transects in relation to Ingleborough NNR, with solid lines showing transect sections included in the

analysis in this study and dotted lines showing sections excluded.

grazing to either cattle or complete removal of grazing. Prior to
current grazing managements on sites used in this study, all were
sheep-grazed. The switch to cattle grazing was made by Natural
England in 2004 with the main aims being to increase vegetation
diversity, improve calcareous grassland habitat quality and in-
crease vegetation structural complexity. The transition was car-
ried out systematically, with entire land parcels being switched
from sheep to cattle grazing, rather than selecting specific sites
for each livestock type. Consequently, it is likely that the sheep-
and cattle-grazed sites were similar in condition before the change
in grazing management. Long-term vegetation monitoring sup-
ports this, showing that the shift from sheep to cattle grazing has
led to higher vegetation diversity, particularly among calcareous
grassland species (Porton et al., 2026).

At the cattle-grazed site, average grazing intensity was ap-
proximately 0.2 livestock units (LU) ha tyear™, which is charac-
terised as light grazing and is lower than the average stocking
rate of 0.7LUhatyear? in upland areas of England (Harvey &
Scott, 2021). Native breed cattle were used, with a mix of Red Polls
and Shorthorns. Grazing timings were not regimented, with cattle
rotated across the NNR to encourage a more naturalistic grazing
pattern. Between 2014 and 2024, cattle grazed the study site for an
average of 8.5months per year. No manure or fertiliser was applied
at the cattle-grazed site, and no antibiotics or prophylactics were
administered to the cattle in this study.

Average grazing intensity at the sheep-grazed sites was also
0.2LUhayear™ ensuring that any effects from grazing are attrib-
utable to the type of livestock rather than differences in grazing
intensity. Stocking consisted of Cheviot and Swaledale sheep and
was stocked for 8.5months per year. Sheep-grazed sites comprised
a mix of organic certified land, mid-tier Countryside Stewardship
Agreement land and Higher-Level Environmental Stewardship
Agreement land, with variation in manure and fertiliser applica-
tions. Although some cattle grazing occurred on sites predominantly
grazed by sheep, it was brief; therefore, these sites were still clas-
sified as sheep-grazed for this study. Sheep were routinely admin-
istered treatments in line with standard practice for sheep farming
in the UK, including anthelmintics (for worming) and ectoparasitic
treatments (for dipping).

Livestock were excluded from the ungrazed site, with no grazing
taking place since the 1970s. No manure or fertiliser was applied to
this site, and the vegetation was largely left to succeed naturally,
with only minimal management intervention.

While the potential effects of differences in chemical inputs
between grazing treatments have not been analysed in this study,
the chemicals associated with sheep management reflect stan-
dard UK sheep farming practices. As such, in this study, they are
considered part of the overall management with sheep, and their
effects are not separated from the grazing animal. Additionally,
where manure or fertiliser has been applied to sheep-grazed sites,
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it is at relatively low levels as is required by stewardship agree-
ments. Furthermore, wild herbivores, mainly rabbits and deer,

have access to all study sites.

2.2 | Butterfly surveys

Butterflies have been surveyed annually at Ingleborough since
2004, following methods set out by the UK Butterfly Monitoring
Scheme (UKBMS) (Butterfly Monitoring Scheme, n.d.). Surveys were
conducted over a 26-week period from the start of April to the end of
September, with the targeted surveying effort being once per week,
although this could be limited by weather and surveyor availability.
Abundance of butterfly species was recorded along a series of fixed
transects, each split into sections of varying lengths and 5m in width.
As per the UKBMS methodology, only surveys carried out between
10:00 and 17:00 and with a minimum temperature of 11°C when
there is >60% clear sky, or above 17°C when <60% clear sky, were
included in the analysis. In total there were 435 surveys included in
the analysis of this study.

This analysis included data only from sections of transects that
had been under the same management (sheep-grazed, cattle-grazed
or ungrazed) for at least 5years. The transects ranged in length
from 1409 to 2596 m and had a survey effort of 7 to 14 surveys
year'l, where survey effort is the average number of surveys per
year (Table 1).

2.3 | Data analysis

Butterfly abundance per 100m and species richness were com-
pared between grazing managements. For abundance, each sur-
vey's data was summarised to per 100 m to account for the varying
transect lengths. For species richness analysis, shortened tran-
sects were used to ensure similar total survey lengths. Transect
lengths were shortened by selecting consecutive sections that to-
gether most closely matched the length of the shortest transect
(within a 54 m margin). This adjustment was necessary as species
richness is expected to follow a species accumulation curve, and
so shortening the transects ensured species richness was compa-
rable across different management types. Species richness was
chosen for its simplicity and lower sensitivity to zero counts when

compared with indices like Shannon's H or Simpson's (Gotelli &
Colwell, 2001; Magurran, 2013).

Additionally, butterfly species composition was compared be-
tween grazing managements to assess differences in overall com-
munity structure. A management-by-species matrix of butterfly
abundances per survey was used to quantify compositional dissimi-
larity among management types.

We also focused on abundance of rare and declining species
across the different management types. Four subsets of butterflies
were used to achieve this. The first subset (A) included species clas-
sified as Vulnerable or Near Threatened on the Great Britain Red List
(Fox et al., 2022). The second subset (B) included habitat specialist
species (Butterfly Conservation, 2025). The third subset (C) included
species showing significant declines in distribution across England
between 1976 and 2019 (Fox et al., 2023), while the fourth subset
(D) included species that have experienced significant declines in
abundance over the same period (Fox et al., 2023). Additional infor-
mation on each species present in the data are provided in Table 2,
including GB Red List status (as of 2022), abundance and distribution

trends in England and habitat preferences.

2.4 | Modelling

To test the effect of management on butterfly abundance, spe-
cies richness and abundance of rare or declining species, a series
of generalised linear mixed models (GLMMs) were used. Abundance
models were fitted using a Tweedie distribution to accommodate
non-integer values, and species richness models were fitted with
a Poisson distribution, both using the glmmTMB package (Brooks
et al., 2017).

The models tested included various combinations of main effects
and interaction terms. To account for variability in butterfly popula-
tions between and across years, the variables of Year and RelativeWeek
were included in all models. Year was included as a random effect
and RelativeWeek as a continuous fixed effect. RelativeWeek is the
number of weeks from the week commencing 15th July which is the
midpoint of the UK's meteorological summer and the peak of butter-
fly abundance at the study sites. Additional variables included in the
models were mean temperature per survey (Temperature) and mean
percentage sunlight per survey (%Sun), to account for their ecological
influence on butterfly activity (Wikstrom et al., 2009). These variables

TABLE 1 Summary of butterfly survey transect characteristics, where length refers to the total length of transect sections analysed and

survey effort is the average number of surveys per year.

Transect Management Year sheep were removed
High Brae Cattle 2004

Scar Close Ungrazed 1977

Crook Sike Sheep N/A

Gauber Sheep N/A

Length (m) Survey effort (surveys year™) Years surveyed
2424 7 2014-2023
2433 14 2004-2024
1409 11 2021-2024
25962 9 2021-2023

Note: In UKBMS records transect names are Ingleborough High Brae, Scar Close NNR, Crook Sike, Gauber (retired).

2Gauber transect was 2101 m in 2023 surveys due to management change for section 1 from sheep to cattle grazing.
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were scaled to aid model convergence. Two-way interaction terms
with a clear ecological basis were also tested, specifically between
RelativeWeek and each of Temperature and %Sun. Models that were
tested are outlined in Table 3. These models were tested on abun-
dance and species richness separately as response variables.

To account for any temporal autocorrelation in the repeated
weekly measures, an Ornstein-Uhlenbeck (OU) correlation structure,
in the glmmTMB package (Brooks et al., 2017), was included in all
models. Covariates were tested for collinearity using Spearman's rank
correlation to ensure none were highly correlated. Moderate correla-
tions were found between some covariates, but these did not affect
the estimation of Management on abundance or species richness.

Model selection was guided by the corrected Akaike Information
Criterion (AICc) (Burnham & Anderson, 2002), which adjusts for
small sample sizes to prevent overfitting. To maintain consistency
across abundance models, simpler models were selected when
the reduction in AlCc for a more complex model was small and did
not justify the additional parameters. Using the emmeans package
(Lenth, 2024), post hoc Tukey tests were performed on each model
to determine the significance of pairwise comparisons.

To test for differences in butterfly species composition be-
tween management types a distance-based redundancy analysis
(db-RDA) with Bray-Curtis dissimilarities was used (vegan pack-
age; Oksanen et al.,, 2024). Temporal variation was accounted
for by including Year and WeekNumber as conditional effects,
both treated as factors. WeekNumber corresponds to the survey
week, ranging from 1 to 26. The model was run with and with-
out Temperature and %Sun as conditional effects, but their con-
tributions to explaining variation were negligible, and they were
therefore excluded from the final model. The overall effect of
Management was assessed using permutation tests with 999 iter-
ations, and pairwise db-RDAs were performed between manage-
ment types to identify specific contrasts.

Data analysis was conducted using R version 4.4.0 (R Core
Team, 2024).

Model variation

number Fixed effects

Management + RelativeWeek

Management + RelativeWeek + Temperature
Management + RelativeWeek + %Sun

Management + RelativeWeek + Temperature + %Sun
Management + RelativeWeek x Temperature
Management + RelativeWeek x %Sun
Management + RelativeWeek x Temperature + %Sun

Management + RelativeWeek x %Sun + Temperature

VO 0N oA WN e

Management + RelativeWeek x %Sun x Temperature

3 | RESULTS

In the data used for this study, a total of 9689 butterflies were re-
corded across 20 species. Small heath was the most recorded spe-
cies with 1540 individuals across all sites collectively.

3.1 | Abundance

Figure 2 compares butterfly abundance across the different graz-
ing treatments. Sheep-grazed sites had a mean abundance of 0.28
butterflies per 100m (SD 0.33). The ungrazed site had a mean
abundance of 0.88 butterflies per 100m (SD 1.24), over three times
greater than sheep-grazed sites. The cattle-grazed site had the high-
est abundance, with a mean of 1.95 butterflies per 100m (SD 1.52),
nearly seven times greater than sheep-grazed sites.

The most parsimonious model for comparing butterfly abun-
dance per 100m across management types included an interaction
term between RelativeWeek and Temperature (Model 5, Table 3).
This model showed that the abundance of butterflies varied across
different grazing treatments, with a post hoc Tukey test revealing
significant differences between all pairwise comparisons (Table 4).
Both the cattle-grazed and ungrazed sites supported higher but-
terfly abundance than sheep-grazed sites, with 4.9 and 3.6 times as
many butterflies, respectively. The cattle-grazed site also supported

1.4 times as many butterflies as ungrazed sites.

3.2 | Speciesrichness

Figure 3 compares species richness of butterflies between the
grazing treatments. The mean species richness was greatest at the
cattle-grazed site (mean=3.13, SD 1.72), with lower values at the un-
grazed (mean=1.79, SD 1.84) and sheep-grazed sites (mean=1.45,
SD 1.52).

TABLE 3 Model variations, with fixed

R
gidom and random effects, used for response

effects K .
variables: Abundance per 100 m, species

Year richness, abundance per 100m for each

NVear species subset groups, A, B, Cand D
Table 1).

Year ( )

Year

Year

Year

Year

Year

Year
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FIGURE 2 Comparison of butterfly abundance per 100m per
survey for different grazing treatments. Mean butterfly abundance per
100m per survey (red points and labels), median (horizontal line), 25th
and 75th percentiles (box) and 1.5 xIQR above and below lower and
upper quartiles, respectively (whiskers). A linear model with a Tweedie
distribution was used to investigate whether there was a significant
difference in butterfly abundance per 100m between grazing
managements. p-value, derived from a post hoc Tukey test, are labelled
showing a significant difference between all pairwise comparisons.
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The most parsimonious model for comparing species richness
between grazing management types included an interaction term
between RelativeWeek and %Sun (Model 6, Table 3). Both the
cattle-grazed and ungrazed sites had 1.7 times as many butterfly
species as sheep-grazed sites (Table 4). There was no significant
difference in butterfly species richness between cattle-grazed and

ungrazed sites.

3.3 | Species composition

The composition of butterfly species differed significantly between
grazing management types (Figure 4). The cattle-grazed site was
dominated by small heath (GB Red List), with notable but lower
numbers of common blue, northern brown argus (GB Red List) and
meadow brown. Dark green fritillary, another species on the GB Red
List, was also present at the cattle-grazed site, though less abundant.
Most other species occurred at low densities, resulting in a commu-
nity characterised by a small number of abundant open-habitat spe-
cialists and several scarce generalists.

In contrast, sheep-grazed sites supported a sparse and largely
generalist assemblage, with consistently low abundances across all
species. The most frequent species were small heath (GB Red List),
meadow brown and green-veined white, but all occurred at substan-
tially lower abundances than in the other management types. Dark
green fritillary (GB Red List) was present at very low abundance, and

no other specialist or Red List species were recorded.

TABLE 4 Pairwise comparisons of butterfly species abundance (per 100 m) and species richness among grazing treatments, for all species

and species subsets.

Species subset Response variable Pairwise comparison Rate ratio 95% ClI p
All species Abundance Cattle versus Sheep 4.88 3.51-6.78 <0.001
Cattle versus Ungrazed 1.36 1.12-1.65 0.005
Ungrazed versus Sheep 3.58 2.56-5.00 <0.001
All species Species richness Cattle versus Sheep 1.69 1.22-2.33 0.004
Cattle versus Ungrazed 0.98 0.80-1.20 0.972
Ungrazed versus Sheep 1.73 1.24-2.40 <0.003
GB Red List Abundance Cattle versus Sheep 8.91 5.57-14.26 <0.001
Cattle versus Ungrazed 2.01 1.58-2.57 <0.001
Ungrazed versus Sheep 4.42 2.71-7.25 <0.001
Declining distribution Abundance Cattle versus Sheep 497 3.55-6.95 <0.001
Cattle versus Ungrazed 1.63 1.35-1.98 <0.001
Ungrazed versus Sheep 3.04 2.15-4.29 <0.001
Declining abundance Abundance Cattle versus Sheep 8.39 5.56-12.66 <0.001
Cattle versus Ungrazed 3.42 2.66-4.39 <0.001
Ungrazed versus Sheep 246 1.59-3.77 <0.001
Habitat specialist Abundance Cattle versus Sheep 68.41 19.48-240.28 <0.001
Cattle versus Ungrazed 0.49 0.38-0.65 <0.001
Ungrazed versus Sheep 138.70 39.43-487.80 <0.001

Note: Rate ratios (with 95% confidence intervals) indicate the relative difference between the first and second management type in each comparison.

p-values were derived from post hoc Tukey tests.
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FIGURE 3 Comparison of butterfly species richness per survey
for different grazing treatments. Mean butterfly species richness
per survey (red points and labels), median (horizontal line), 25th
and 75th percentiles (box) and 1.5x QR above and below lower
and upper quartiles, respectively (whiskers). A linear model with a
Poisson distribution was used to investigate whether there was a
significant difference in butterfly species richness between grazing
managements. p-values, derived from a post hoc Tukey test, are
labelled showing a significant difference between sheep and cattle,
and sheep and ungrazed, but no significant difference between
cattle and ungrazed.

The ungrazed site supported a richer and more even community,
including several moderately abundant species across both spe-
cialist and generalist groups. The most common species were dark
green fritillary (GB Red List), common blue and green-veined white.
The ungrazed site was the only management to support all Red List
and habitat specialist species present in the dataset; notably, the
small pearl-bordered fritillary (GB Red List) and green hairstreak,
both habitat specialists, were recorded only at the ungrazed site.

We found significant differences in species abundance among
management types for all subsets of rare and declining species
(Table 4, Figure 5). The cattle-grazed site consistently supported the
highest abundances, followed by the ungrazed site, with the excep-
tion of the habitat specialist group where the ungrazed site supported
twice as many butterflies as the cattle-grazed site. Sheep-grazed sites
supported the lowest abundances across all subset groups. The mag-
nitude of each pairwise comparison is shown in Table 4.

It is notable that the trends in Red List species abundance were
largely driven by the high density of small heath at the cattle-grazed
site. Excluding small heath, the remaining three Red List species con-
tributed 10%, 2% and 28% of total butterfly abundance at the cat-
tle-, sheep- and ungrazed sites, respectively, compared to 63%, 36%
and 30% when small heath was included. These results indicate that,
although small heath strongly influences overall Red List abundance,

cattle- and ungrazed sites still supported higher abundances of the
rarer Red List species than sheep-grazed sites.

In addition, when considering habitat specialist species, there
was also a much lower abundance on sheep-grazed (mean=0.004,
SD =0.019 butterflies per 100 m) than both cattle-grazed (mean=0.257,
SD=0.265) and ungrazed sites (mean=0.285, SD=0.646) (Figure 5).
Statistical modelling confirmed this difference, with significantly lower
abundances of habitat specialist butterflies at sheep-grazed sites than
both cattle-grazed and ungrazed sites (Table 4). It is important to note
that very low butterfly counts for habitat specialists on sheep-grazed
sites means there is high uncertainty around the estimates of rela-
tive difference between sheep-grazed and the other managements.
Therefore, exact magnitudes should be interpreted cautiously. The
model also highlighted a positive effect of ungrazed sites relative to
cattle-grazed sites, estimating that ungrazed sites supported approxi-
mately twice as many habitat specialist individuals, despite the similar-
ity in the raw mean abundance values (Table 4).

4 | DISCUSSION

In this study we investigated the effect of different grazing manage-
ments on butterfly abundance, species richness and composition in
calcareous habitats in the English uplands. Our results show that lightly
cattle-grazed and ungrazed sites supported a significantly higher abun-
dance of butterflies than lightly sheep-grazed sites. The ungrazed sites
also had a higher butterfly abundance than the sheep-grazed sites,
but lower abundance than the cattle-grazed sites. We also found that
butterfly species richness was significantly higher on both the cattle-
grazed and ungrazed sites compared to the sheep-grazed sites, with no
significant difference between cattle-grazed and ungrazed sites.

The cattle-grazed sites also had higher abundances of Red List
and declining butterfly species than both ungrazed and sheep-
grazed sites. Sheep-grazed sites consistently had the lowest mean
abundance of Red List and declining species, showing a significantly
lower value than the ungrazed sites for two of the three species sub-
set groups. While the cattle-grazed sites had the highest abundance,
the ungrazed site supported the greatest number of Red List but-
terfly species, with all four of the Red List species present in the
data recorded at the ungrazed sites, compared to three at the cattle-
grazed sites and two at the sheep-grazed sites.

4.1 | Vegetation composition and structure

Our results show higher butterfly abundance and species richness
at cattle-grazed sites compared with sheep-grazed sites, consistent
with established effects of grazing on vegetation. Higher plant spe-
cies richness, lower grass cover and less targeted grazing of flower-
ing heads on cattle-grazed areas increase the availability of nectar
sources and host plants supporting higher butterfly diversity and
abundance (Milberg et al., 2016; Potts et al., 2009; Rook et al., 2004;
Thomas et al., 1986).
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FIGURE 4 Butterfly species
composition across management

types. Each dot represents the mean
abundance per 100 m per species, with
total mean abundance per 100m shown
at the bottom. Dot size and shading both
indicate mean abundance per 100 m,
with larger and darker dots representing
more abundant species. p-values shown
are from a distance-based Redundancy
Analysis (db-RDA), indicating significant
differences in butterfly species
composition among all management
types. Species on the GB Red List are
indicated with an asterisk (*) and habitat
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The higher abundance and species richness of butterflies on
ungrazed versus sheep-grazed sites is more likely driven by differ-
ences in vegetation structure than plant species richness (Lyons
et al., 2017; Milligan et al., 2016). Reduced grazing pressure pro-
duces taller and more heterogeneous swards which increase nectar
availability as well as creating microhabitats that facilitate basking,
thermoregulation, egg-laying and shelter (Farruggia et al., 2012;
Jerrentrup et al., 2014; Milberg et al., 2016; Morris, 2000; Ockinger
et al., 2006). By broadening the range of available niches, this struc-
tural complexity supports higher butterfly diversity by providing the
habitats and resources needed by both generalist and specialist spe-
cies (Turlure et al., 2019).

Despite comparable butterfly species richness between the
ungrazed and cattle-grazed sites, butterfly abundance was high-
est at the cattle-grazed site. Vegetation at the cattle-grazed sites
at Ingleborough is considerably shorter than the optimal vegeta-
tion height for butterfly species richness (Porton et al., 2026; Poyry
etal., 2006). This pattern suggests that light cattle grazing creates fa-
vourable conditions for butterflies by maintaining high plant species
richness, even in the absence of the taller, more structurally complex
swards found in ungrazed areas (Milligan et al., 2016). These results
indicate that the availability of host plants and nectar sources is a
key driver of butterfly abundance, whereas the effects of vegetation
structure and grazing management on butterfly species richness are
more complex.

*Small Heath - .

1*Small Pearl-bordered Fritillary |
Small Skipper

Total | . o .

T T T
Cattle Sheep Ungrazed
Management

Changes to vegetation composition are one possible mechanism
for the difference in butterfly populations between ungrazed and
sheep-grazed sites. Although we don't have evidence at our sites,
multiple studies have shown that livestock exclusion can drive shifts
in vegetation composition (Alday et al., 2021; Kahmen et al., 2002;
Marrs et al., 2020; Porton et al., 2024).

4.2 | Bioabundance

Sheep-grazed sites were shown to have the lowest butterfly abun-
dance. Our results showed 4.9 times as many butterflies at the
cattle-grazed site and 3.6 times as many at the ungrazed site com-
pared to sheep-grazed sites. While the abundance of common spe-
cies is not always the primary focus of conservation, with priority
often given to rare or threatened species (Redford et al., 2013), it is
important to note that cattle grazing had a positive effect on both
rare and common butterfly species.

The substantially higher total butterfly abundance at cattle-
grazed and ungrazed sites may have important ecosystem benefits.
Butterflies, and their caterpillars, are important prey sources for
other species such as birds (Ghazanfar et al., 2016). An increase in
butterfly abundance is likely to benefit their predators, with the po-
tential for trophic cascades, as observed at other upland sites fol-
lowing increases in invertebrate abundance (Evans et al., 2015).
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FIGURE 5 Abundance per 100m for different grazing management types for species subset groups. (a) species on GB Red List

as Vulnerable or Near Threatened (Fox et al., 2022); (b) habitat specialist species; (c) species showing a significant trend of decline in
distribution across England from 1976 to 2019 (Fox et al., 2023); (d) species showing a significant trend of decline in abundance in England
from 1976 to 2019 (Fox et al., 2023). Mean abundance per 100m (red points and labels), median (horizontal line), 25th and 75th percentiles
(box) and 1.5x1QR above and below lower and upper quartiles, respectively (whiskers). Linear models, all with a Tweedie distribution, were
used to investigate the difference in abundance per 100 m between grazing managements. p-values, derived from a post hoc Tukey test, are
labelled showing a significant difference between all pairwise comparisons.

4.3

| Importance of habitat mosaics

At a site scale, and within the context of this study, light grazing by

cattle was the most effective grazing management for supporting

the highest butterfly species richness and abundance. However,

each management type supported significantly different species

compositions, with rarer species such as small pearl-bordered fri-

tillary and green hairstreak only recorded at the ungrazed site.

Different species compositions between grazing treatments have

also been observed in beetles and spiders in similar habitats (Lyons
et al.,, 2017, 2018). This suggests that, despite higher butterfly
abundance at the cattle-grazed sites, there is a benefit in having a
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combination of cattle-grazed and ungrazed areas to maximise but-
terfly species richness at a landscape scale.

It is important to note that the ungrazed site in this study has
been ungrazed for around 55years and is not yet a climax commu-
nity. Consequently, we cannot say what effect ungrazed areas may
have on butterflies when a climax community is reached. One pos-
sibility is that these areas could provide habitats suited to woodland
specialist butterflies, further expanding butterfly species richness
across all sites combined.

Heterogenous landscapes are crucial to biodiversity (Hackett
et al., 2024). For butterflies, it allows them to move between differ-
ent habitats and select areas with the most suitable conditions as
climatic factors fluctuate (Oliver et al., 2010). For example, during
drier years, butterflies can utilise more drought resistant habitats,
such as areas of taller vegetation or woodland, which tend to be
cooler and retain more moisture (Sutcliffe et al., 1997). This means
that butterfly populations can persist in a landscape during years
with unfavourable conditions. Further to buffering the impacts of
environmental change, a more heterogeneous landscape provides a
broader range of resources from different habitat patches, facilitat-
ing the needs of butterflies in various life stages simultaneously. This
includes supporting the requirements of adults, who alone utilise a
range of habitat patches for thermoregulation, oviposition, nectar-
ing and shelter (Dennis & Shreeve, 2003), as well as earlier life stages
through the provision of larval food plants. This is especially benefi-
cial for species that have multiple generations present within a single
year (Roy & Thomas, 2003).

While this study provides insights into the effects of different
grazing management types, it does not consider how variation in sur-
rounding habitats could influence butterfly diversity and abundance.
For instance, habitat mosaics in the broader landscape, such as areas
of moorland, scrub or woodland, could provide additional resources
and corridors that support butterfly populations and influence spe-
cies composition.

Although maintaining sheep grazing as part of a mixed grazing
system has been found to benefit butterfly numbers in some cases
(Fraser et al., 2014), our findings show that sheep-grazed calcareous
grasslands do not support the abundance or diversity of butterflies
that is possible at either cattle-grazed or ungrazed sites. In addition,
sheep-grazed sites were found to have low value in supporting rarer
butterfly species, both in richness and abundance.

4.4 | Limitations

The primary limitations of our study are the restricted spatial
replication and variation in survey years between sites. Greater
spatial replication would allow any conclusions about the effect of
grazing management to be applied to the wider uplands, rather than
just the sites surveyed. This monitoring will also be continued long-
term, improving the robustness of the dataset and the reliability of
any conclusions drawn. Ongoing monitoring of butterfly populations
at Ingleborough NNR will also allow analysis of temporal changes,
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capturing both the effects of restoration across the sites as a
whole and changes resulting directly from a transition in grazing

management.

4.5 | Implications for management

Our findings demonstrate that light cattle grazing on upland calcar-
eous grasslands can be highly beneficial for butterfly abundance
and diversity. The diverse vegetation, resulting from low-intensity
cattle grazing, is likely a key driver of this (Porton et al., 2026). In
contrast, sites lightly grazed by sheep resulted in lower abundance
and diversity of butterflies, despite comparative site conditions.
The stocking rates of sites in this study were substantially lower
than typical stocking rates in the English uplands, suggesting that
even light grazing by sheep can be detrimental to butterfly popula-
tions on upland calcareous grasslands. Stock exclusion supported
greater abundance and diversity of butterflies than lightly sheep-
grazed sites and showed comparative levels of diversity but lower
abundance than the lightly cattle-grazed site. The dominance of
sheep grazing as the current management option for upland cal-
careous grasslands in the UK therefore presents a challenge for
butterfly conservation.

Our work provides evidence to justify agri-environment pay-
ments to farmers and land managers for switching from sheep
grazing to light cattle grazing of upland calcareous grasslands.
Importantly, shifts in grazing regimes provide ecological benefits
beyond increasing butterfly diversity and abundance. Cattle grazing
increases soil organic carbon (Su et al., 2023) as well as facilitating
the development of scattered scrub (Porton et al., 2024). Although
agri-environment payments aimed at reducing sheep stocking rates
may benefit some species groups, our findings suggest that such re-
ductions may not be as effective in increasing butterfly abundance
and diversity in upland calcareous grasslands as low-intensity cattle
grazing.

Therefore, for effective butterfly conservation in these areas,
a shift towards light cattle grazing or stock exclusion should be
considered, taking into account site-specific conditions. Given the
potential for ecological benefits, agri-environment schemes that
support low-intensity cattle grazing are a promising mechanism for
improving the state of butterfly populations in upland calcareous
landscapes in the UK.
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Supporting Information section at the end of this article.
Supporting Information S1: Summary of species-level butterfly
abundance across grazing management treatments and years. Transect

length and total weeks surveyed are reported for each entry.
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