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Abstract
Conservation grazing on chalk grassland requires an efficient and knowledge-based
approach to maintain this fragile habitat which, if poorly managed, can take years to
restore. Scrub regrowth can transform chalk grassland into dense woodland and with
the decline in commercial grazing, chalk grassland has disappeared across much of
the Surrey area. As one of the most biodiverse habitats in Britain, conservation
organisations managing these sites have committed to the restoration and
maintenance of chalk downland, often through the use of livestock grazing on these
sites.
Sheep breeds used by these organisations can often be varied in terms of
geographical origin, temperament and manageability. To understand whether there
is a difference in grazing behaviour, two breeds used by the Downlands Project,
Herdwick and Beulah, were monitored for differences in their grazing behaviour at a
site on Chipstead Downs, Surrey.
The impact of grazing was measured by looking at the height of the sward with a
drop-disc over five weeks. Scrub grazing was also measured on a scaled measure of
grazing intensity, and the measurements were then grouped and averaged
according to species to see if there was a comparative difference in grazing intensity
per species.
It was found that sward grazing was not significantly different between the two
breeds; however, scrub grazing intensity suggested that future research may
demonstrate a difference in the preference for which scrub species the two breeds
graze.
Introduction
Conservation Grazing and Chalk grassland
The strategy of using grazing species to create and preserve some of the most
biodiverse landscapes found in Britain has grown in response to the development of
our understanding that most of our natural heritage is in fact semi-natural (Natural
England, 2012). As a management technique, grazing is recognised as one of the
most practical and cost effective measures available (Lindenmayer et al., 2010;
Gibson et al., 1987; Kottmann et al. 1985).
Chalk grassland is broadly present on chalk landscapes where scrub and grass
growth is limited, allowing for native wild flowers to thrive in this nutrient-deficient
environment. Chalk grassland is one of Britain’s most biodiverse, albeit fragile, seminatural habitats and is almost exclusively dependent upon grazing for its long term
survival (Amend et al. 2008). Preventing the overgrowth of scrub and grasses is one
of the key objectives for creating and preserving chalk grassland habitats
(Sutherland and Hill 1995).
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The Downlands Project
The Downlands project is a conservation project that has existed since 1988 largely
to manage, protect and restore chalk grassland on the Surrey Downs. The project
aims to use traditional methods to restore and maintain the chalk grassland, in
particular; grazing. This involves the management of livestock across various sites,
each with differing plant species compositions and management needs. Different
livestock species are used to graze sites at various stages of management to
maintain the chalk grasslands.
The project has a variety of livestock breeds to achieve this objective, including feral
goats, Dartmoor ponies and Sussex cattle. The largest proportion of grazing stock
are the 129 sheep, consisting of three breeds; Herdwick, Beulah Speckled-face and
Jacobs. These animals are used to manage over thirty different sites, each requiring
specific management.
The wide presence of sheep grazing on chalk grassland was merely a by-product of
the economic strength of sheep farming until the 18th century. Modern farming
techniques, leading to land enrichment, and a reduction in the demand for wool
(English Nature 2005), saw sheep grazed areas shrink along with the number of
sheep present in the Surrey area. With sheep grazing now being used as habitat
management, many conservation projects are having to take stock of their
operations to decrease costs while maintaining the welfare of the animals and site
management. Although the Downlands Project is not for profit, it can only gain a
more sustainable position by generating its own funding should external sources of
income decrease; for instance, the project already gains considerable income from
the sale of breeding stock. However the project managers remain very aware that
reduced expenditure must be balanced alongside conservation needs for the sites
that the project covers.
Studies have already shown grazing habits of sheep can be affected by numerous
factors, including the plant species composition available for them to graze and
sudden dietary changes (Allden and McDWhittaker, 1970: Newman et al., 1994).
Since grazing is a learned behaviour it is reasonable to hypothesise that not only are
grazing behaviours different depending on these factors, but they may well differ
between breeds to a significant degree (Utah State University, 2012).
Conservation organisations that use grazing to manage areas of chalk grassland
require a skilled and precise approach when dealing with the numerous factors that
have to be balanced to ensure a site is properly managed. With a greater
understanding of grazing behaviours, it was hoped that an indication could be found
as to the effects of grazing on a chalk grassland site and the possible limits on
optimal site size, length of grazing presence, and differences in grazing patterns
between the two breeds of sheep.
Site description
One site grazed by the Downlands project, Chipstead Downs, contains a large range
of chalk grassland ecosystems and is managed by Reigate and Banstead Borough
Council. As part of this research project to compare the grazing habits of two sheep
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breeds used for conservation grazing, a site called Stagbury A on Chipstead Downs
was selected for study. The site was grazed in the early autumn in 2011 by Dartmoor
ponies. It is managed chalk grassland but has had scrub regrowth across the site.
This is typical state of many sites, thus requiring the introduction of grazing animals
to manage the scrub. Therefore any results produced will be relevant to similar sites.
Particularly for the Downlands project, the future of its management is directed
towards a reduction in the number of Beulah Speckled-face breeding ewes,
replacing them with Herdwick. Whilst there are complex factors involved in this
decision, it is wise to consider that any conclusions concerning the differences of
grazing behaviour between the two breeds drawn from this research project may
have a practical application for the Downlands project’s grazing management
Materials and Methodology
Preparation
Initially Stagbury A was visited to decide how the site should be split into three areas,
one for each of the Herdwick, Beulah and the control site, to observe their grazing
preferences over a number of weeks to see the short-term impact on the vegetation.
Scrub cover was estimated which allowed the site to be divided as equally as
possible. Eight individual scrub plants were chosen within each of the three areas,
with at least one individual per scrub species present within each area. Other scrub
plants were chosen by walking a random number of steps along a transect and then
selecting the nearest scrub plant. The random number of steps taken was achieved
by using =RAND() function in Microsoft Excel to produce random numbers. This was
repeated in each site, though some were re-selected if access to the plant was
hazardous due to overgrowth.
The sites were separated using electric fencing which was erected the day before
the sheep arrived. One salt lick and water-trough were each placed in the Herdwick
and Beulah enclosures; the salt lick was placed to be easily accessible, both towards
the top of the site tied to the fencing while the troughs were placed at the bottom and
were filled. Troughs were topped-up as necessary.
An initial data collection was taken the day before the sheep were introduced. Sward
height measurements were taken at 20 points along a transect, the points were
random as the steps taken between each measurement were determined by the
Excel =RAND() function. Direction travelled across the site was not determined
randomly, but was done so there was enough space and to give a roughly even
coverage across the site of scrub measured per site. A drop-disc was placed
vertically at ground level and the drop disc was then lowered against the measure;
the height of the sward was recorded as the point where the drop-disc made contact
with the sward. The plant species present were not recorded because the sward
composition changed over the experiment independently of grazing effects due to
the plants’ lifecycles. However, these changes were assumed to be uniform between
sites and the types of terrain and weather conditions were also assumed to be
similar so as to not produce different results in grazing behaviour relating to sward
height.
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Photographs were taken of each of the selected individual scrub plants; these were
re-photographed each week, to record a nominal scale of grazing intensity, if any, on
that plan.

12345-

Ungrazed
Minor grazing
Grazed
Well grazed
Stripped of foliage

Herdwick

Beulah

Control

Figure 1: Diagram of Stagbury A showing the location of the individual scrub
plants measured for grazing intensity
Percentage cover of scrub on the areas was also recorded. Data collection was
taken over a period of four weeks and the sheep were checked daily to monitor their
health and the state of the site in general.
A weekly record of observed results was kept to monitor any changes across the
areas that may add to an understanding about the impact of livestock on the chalk
grassland, this included for example, trampling effect.
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Selection of Stock
When choosing which livestock to use, it was decided that Beulah and Herdwick
wethers would be used since at the time the Downlands Project only had Herdwick
wethers in the flock and, hence it was decided that Beulah wethers would give the
fairest test of differences between the two breeds. Another reason was that the
wethers were introduced to Stagbury A from different areas of the same site,
reducing the chance of grazing behaviour being biased by previous diet availability.
Four individual wethers of each breed were used since research suggests that three
sheep is the minimum number needed to viably study grazing behaviour (Penning et
al.. 1993). The wether veterinary records were checked for their condition and
number of teeth; only individuals of condition score around 2.5-3.5 and those with
eight adult teeth were selected as candidates, these checks were repeated at the
removal of the sheep from the site to see if any changes in these characteristics had
changed The selected wethers were given a further general health check before
being loaded into the trailer.
Statistical Analyses
Sward height
Anova
When analysing the data collected between the three sites for sward height, a single
factor ANOVA was used due to there being more than two areas measured;
Herdwick, Beulah and Control. Also that sward height is the only factor of variation
being measured.
Student t-test
To measure whether there was any significant difference of the impact of grazing on
sward height between the sheep breeds, a student t test was performed due to the
two grazed areas being unpaired samples and that the readings were taken
randomly.
Results
From the ANOVA test, the critical value of F at 3.316 to 2 degrees of freedom is
smaller than the calculated F value of 9.595, with probability at <0.001.
Therefore the null hypothesis that the presence of grazing animals has no significant
difference on sward height between the three sites measured was rejected.
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Figure 2. Graph to show the mean values of sward height (cm) for the samples
collected within each area. First sample is pre-introduction of sheep; thereafter
two consecutive samples per week

Table 1: Table to show the overall difference of grazing by the two breeds on
sward height and scrub cover across the whole area as a percentage
Herdwick

Beulah

Control

Mean

38.27

37.65

60.79

Variance

374.122

310.442

538.878

S.D.

18.0725

16.0878

23.0826

Scrub cover

38%

39%

50%

With the calculated t value less than the tabulated t value at 0.78<1.181 with 10
degrees of freedom, therefore the null hypothesis that Herdwick and Beulah grazing
does not produce significantly different sward height values was accepted.
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Scrub grazing
The Beulah site containted species of scrub, which were not in the other
compartments, hence there is more species data observed in the Beulah site than in
the Herdwick and Control (Table 2).
Table 2: Table to show the average level of grazing intensity on an increasing
nominal scale of 1-5 before the sheep were introduced and the final grazing
intensity measurement the day before sheep were removed.

Scrub
species
Dogwood
(Cornus
sanguinea)
Hawthorn
(Crataegus
monogyna)
Ash
(Fraxinus
excelsior)
Elder
(Sambucus
nigra)
Field maple
(Acer
campestre)

Herdwick
Site
Before
introduction

Last estimate
after grazing

Beulah Site
Before
introduction

Last estimate
after grazing

Control Site
Before
introduction

Last estimate
after grazing

1

4

1

4

1

1

1

2

1

2

1

1

1

5

1

4

1

1

n/a

n/a

1

5

n/a

n/a

n/a

n/a

1

4

n/a

n/a

Figure 3. Graph to show Herdwick grazing intensity on a nominal (1-5) scale

9|Page

Figure 4. Graph to show Beulah grazing intensity on a nominal (1-5) scale

Condition scoring
Having scored conditioning on the arrival and departure of the sheep, it was found
on average the average Beulah condition score was unchanged and the Herdwick
had a lower average condition score.

Table 3: Table to show condition scores on a scale of 1-5of the individual
sheep before and after entering the site.
Condition
Condition
score when
score before
removed from
entering site
site
Beulah (tag Nos)
52
3.0
3.0
116
3.0
2.5
40
3.5
4.0
185
2.5
2.5
Beulah average
3.0
3.0
Herdwick (tag Nos)
4956
3.0
3.0
4960
3.5
3.0
4957
3.0
2.5
4950
3.0
3.0
Herdwick average
3.1
2.8
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Observed results
During the course of data collection, additional factors could be clearly seen to be
affecting sward height. For example the trampling effect when sheep were walking
across the site or resting; these areas were not measured for sward height to
prevent anomalous results since they were clearly not the result of grazing. At an
observational level Beulah trampling was more frequent and severe than for
Herdwick, but occurred in both sites extensively, creating a thatch of sward on the
ground (Figure 5) and in areas of severe trampling, poaching occurred leaving the
ground bare of any vegetation (Figure 6).

Figure 5: Photograph demonstrating trampling in the Beulah’s area, vegetation
can be seen lying across the ground, possibly creating a thatch

Figure 6. Photograph demonstrating poaching within the Herdwick area,
resulting in patches and strips of bare earth
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Discussion
The results indicated that there was a significant difference between the three areas
in sward height over the period of sheep occupation. This was expected, since the
control had no grazing and this resulted in little change to sward height in the control
area, while by comparison the grazed areas had a decline in sward height (Figure 2).
No significant difference in the grazing of Beulah and Herdwick was found. Within
chalk grassland conservation grazing this would seem to suggest that in setting up a
grazing plan, the use of either Beulah or Herdwick within a flock will not make a
significant difference to the biomass of vegetation removed through grazing
behaviour.
Flock size could influence grazing behaviour dependent on the size of the site and
sward height and composition(Penning et al.. 1993) These variations, along with
replications over many grazing seasons, in sites or breeds is also necessary to give
greater confidence in the results obtained. Depending on the site management plan,
the Downlands Project chalk grassland sites are usually achieved with small flock
numbers; usually no more than 15 individuals in order to prevent overgrazing and
reduce the need for holdback land The five week period the sheep spent grazing on
Stagbury A was also a standard length of time that sheep are kept on any one site,
usually between 4-8 weeks; this allows them to graze a site enough to prepare it for
the following year, removing grasses and, to some degree, scrub. Therefore this
data set is reliable for the Downlands Project grazing plan and further research
would be more beneficial in the form of replication as well as on a larger scale.
Analysis of sward height
Field experiments can cause numerous difficulties when analysing for one causal
effect on one factor, in this case grazing on sward height. However the initial data
survey produced similar sward height averages between all three areas (Figure 2);
this was perhaps due to the site’s grazing management in the previous year. Ponies
were used the previous autumn and had access to graze the entire site, resulting in
an even level of grazing across the site with similar regrowth up to the time when the
sheep were introduced.
In terms of chalk grassland conservation, poaching has an important role for plant
species that require bare ground for optimal growth, including species such as
kidney vetch, Anthyllis vulneraria, the primary food plant of the small blue butterfly
larvae, Cupido minimus (Burton and Burton, 2002). This would therefore be an
important factor to consider and measure in future studies on sheep grazing on chalk
grassland.
Scrub grazing
The measurement of scrub grazing (Table 2) shows that some species were grazed
to a higher intensity than others, for instance Dogwood was grazed more intensely in
the plants measured than Hawthorn within both sites. This suggests a preference for
particular plant species, supporting previous research into the grazing behaviour of
sheep (Arnold and Maller, 1977; Norman, et al.. 2004). Observing grazing habits
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when carrying out the project also suggested that the age of plant growth was a
factor as to when leaves were most palatable to the sheep; fresh growth on dogwood
was cleared within two weeks on the Beulah site Again this was not analysed but
would be vital for future management plans as to when grazing would be of greatest
effectiveness at managing scrub after clearance.
When comparing scrub grazing intensity to that on the sward (Figures 2, 3, 4),
grazing of the sward is higher two weeks after sheep introduction. This suggests that
dietary intake had a higher ratio of scrub to sward in the first few weeks. The scrub
species grazed most within this initial period was Ash by the Herdwick sheep, whilst
the Beulah grazed Elder. Further replications would require a more varied presence
of species of scrub within sites studied, in order to give a greater understanding on
sheep scrub grazing behaviour. It was also clear from observation that the Beulah
grazed the majority of young dogwood within the first two weeks, yet with only a few
Elder plants present within this site, only a small proportion of individuals were
measured, including older dogwood growth which was not grazed.
The grazing of scrub by both sheep breeds was seen (Table 3). Of course individual
preference of animals may supersede predictions of grazing behaviour and the effect
of individual preferences will increase with smaller flock numbers, but more research
may allow a useful guide.
Future management
It is important that organisations take full opportunity to develop their operations to
achieve their means economically, as such; conservation grazing is becoming more
production-orientated to ensure its viability. From this standpoint, it is important to
consider the possible differences between the two breeds; in terms of health the
Downlands Project has a clean flock; both breeds are hardy with veterinary fees
being minimal for both. Foot management records kept at the Downlands Project
show that the Herdwick feet are generally better than the Beulah, suffering less from
shelly hoof and abscesses. Lambing percentages for the Beulah are over 90%, the
new flock of Herdwick breeding ewes also has similar percentages. The Beulah
sheep are often difficult to handle due to their flighty nature, whereas Herdwick
exhibit a more considered nature and are easier to bucket train. However this
generalisation may not be experienced in other flocks. Beulah is a more commercial
breed, being more heavily built, with a higher meat to bone ratio and generally a
finished Beulah lamb brings a higher price at market.
Although no group gained condition score; normal management would have seen
the sheep removed earlier at around 4 weeks. However with the five weeks that the
sheep were on site, it is difficult to use this measure to draw any conclusions related
to conditioning, since condition changes can take up to several weeks to change.The
preference both breeds show for heavy grazing of scrub could be used with the
incorporation of working with graziers who are more production driven. Graziers in
this position have to deal with many issues that can influence the financial return
from their sheep, including over-grazing and parasite burden (Silva et al. 2011).
When using a grazier to manage a conservation site it could be argued that the
benefits of leasing sheep onto these sites, may reduce the parasite burden of their
flock overall, as the density of sheep on a pasture is reduced and the grazing area is
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increased collectively; both factors known to relieve worm burden within sheep
(Larsson,1989). There is also evidence to suggest sheep exhibit self-medicative
behaviour when infected by gastrointestinal nematodes, preferring to graze plants
higher in tannins to combat parasites by increasing immune responses despite
usually being associated with poisoning herbivores (Lisbonbee 2008). The grazing of
scrub taller than the surrounding sward also means they are less likely to ingest
parasites as L3 larvae travel only a short distance up the sward, if particular scrub
preferences can be shown to be grazed before the sward then sheep could be
removed once the scrub is grazed; this is supported by the observational data of
both sheep breeds grazing fresh dogwood as a preference to the sward
The similarity of sward grazing between the two breeds suggests that chalk
grassland management does not depend on whether the flock consists of Herdwick
or Beulah. Within the Downlands Project it would therefore seem reasonable to
consider other factors such as economic and practical, when managing these breeds
within the conservation grazing rota; this could include the return from selling the
livestock at market, hardiness and ease of handling.
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