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Domestic livestock grazing is increasingly used as a conservation tool on lowland
heaths. However, the impacts of livestock on vegetation and the implications of their
behaviour are not fully understood. This study considered habitat selection and
behaviour in seven livestock groups on lowland heaths in Dorset, southern England.
The impact of livestock on wet heath and valley mire vegetation was assessed
experimentally. The potential role of livestock grazing and trampling in the
germination of eight characteristic wet heath and valley mire plant species was
established, and the potential for livestock-facilitated regeneration from buried seed
banks was explored.

Livestock showed non-random use of habitats, and generally preferentially
selected habitats with a high cover of grass species. Use of dry heath varied according
to the age and structure of heather Calluna vulgaris. There was seasonal variation in
habitat selection, notably the increased use of wet heath and valley mire in late
summer. However, foraging was not the only activity dictating habitat selection, and
selection for resting locations also influenced overall habitat use.

Livestock grazing and trampling had a significant impact on vegetation structure
and the cover of bare ground within three years. The impact on substrate
microtopography, compaction and standing water was also significant. Changes in
species composition were more subtle, and may take longer than three years to become

apparent.

The emergence of selected wet heath and valley mire species was shown to be
increased by simulated livestock trampling. Higher water levels increased emergence,
but reduced canopy shading was not important in most species studied. Habitat surveys
suggest that canopy shading may be important in the subsequent establishment and
survival of these species.

Livestock trampling also has the potential to increase species emergence through
exposure of buried seed banks. This was shown to result in species regeneration at
sites where they were considered extinct in the above ground vegetation.
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1. Introduction

Grazing is increasingly being considered as a suitable management tool for maintaining
and enhancing the favourable conservation status of lowland heathland in Britain (e.g.
UK Steering Group, 1995; Michael, 1997). The frequently-stated rationale for this has
been that livestock grazing played a key role in the development and maintenance of
lowland heathland until its decline in the 20® century (e.g. English Nature, 1998; Small
et al., 1999, Oates & Tolhurst, 2000). Comparison between the biodiversity of the New
Forest (an area remarkable in having a continuous grazing history) and un-grazed
heathlands elsewhere supports the view that grazing may provide an ecologically
sustainable management tool for heathland conservation (Byfield & Pearman, 1994).
However, little is known either about traditional lowland heathland grazing practices in
the UK, or about the effect of livestock presence on lowland heathland communities.
There is a need to establish how and to what extent livestock presence may affect
heathlands before grazing is further promoted as an ideal management tool. This thesis
aims to provide some of the information necessary to allow this assessment to be made
by examining the impact of livestock grazing on the heaths of Purbeck in southern

England, with particular reference to wet heath and valley mire plant communities.

1.1 The heathland habitat

Heath, a loosely defined word meaning ‘uncultivated land” (Rubel, 1914), has been
applied to a diversity of vegetation types across Europe, including dry grass heath,
lichen and moss heath (Gimingham, 1972), dry, prairie and subalpine meadow (Specht,
1979), dry heath, damp heath, valley mire and shingle heath (Rodwell, 1991). In this
thesis, the term lowland heath is used to describe vegetation dominated by ericaceous
~dwarf-shrubs growing on acidic nutrient-poor mineral soils, together with related wet

heath and valley mire vegetation, at altitudes of less than 250m (e.g. Webb, 1986).

Lowland heathlands occur along the Atlantic fringe of north-west Europe, extending
north from Portugal along the Atlantic coast to Norway, and inland east to Germany.
Characteristic lowland heathland communities are considered to have arisen under
humid oceanic climates about 4000 years ago as a result of forest clearance by humans
followed by use for grazing livestock, together with burning, peat digging and mineral
extraction (Webb, 1998). This use prevented the regeneration of forest (Gimingham,
1972). Before human activity, a thin forest cover on poor soils allowed a heathland
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ground flora to develop (Webb & Haskins, 1980; Tubbs, 1997), which may have been
maintained in canopy gaps by large wild herbivores (Van Wieren, 1989). Heathland
once extended over several million hectares in Western Europe and was maintained by
traditional practices until the twentieth century (Webb, 1998). These traditional forms
of land use have been mostly lost together with all but 350,000 ha of Atlantic heathland
(Webb, 1998). The development, human use and subsequent loss of European lowland
heathland has been extensively described elsewhere (e.g Gimingham, Chapman &
Webb, 1979; Gimingham, 1972; Webb, 1986; Tubbs, 1986; Heil & Aerts, 1993;
Traynor, 1995; Allchin, 1997).

European lowland heathland is not intrinsically species rich, and its conservation value
is in providing habitat for a suite of species that are largely restricted to heathland in the
UK. The more high profile of these species include Dorset heath Erica ciliaris, marsh
gentian Gentiana pneumonanthe, Dartford warbler Sylvia undata, woodlark Lullula
arborea, nightjar Caprimulgus europaeus, sand lizard Lacerta agilis and smooth snake
Coronella austriaca, all of which are listed in the IUCN red data books. In particular,
the heaths of southern England are one of the most important habitats for invertebrates
in the UK, supporting more than 50% of the British species in some orders. Examples
of species whose conservation status is of particular concern include the heath
grasshopper, Chorthippus vagans, large marsh grasshopper Stethophyma grossum,
dingy mocha moth Cyclophora pendularia, southern damselfly Coebagrion mercuriale,

and mottled bee-fly Thyridanthrax fenestratus.

The survival of most these species in the UK is highly dependent on the persistence of
lowland heathland. Lowland heathlands are also valued for their contribution to the
overall diversity of habitats within the landscape (e.g. Moore, 1962). The conservation
value of lowland heath is recognised by a number of statutory site designations,
including that of “habitats of community value” under the European “Habitats”
directive on the conservation of natural habitats (Directive 92/43/CEE1997) and as
Sites of Species Scientific Interest under national legislation (Section 28 of the UK
Wildlife and Countryside Act, 1981 and the Countryside and Rights of Way Act,
2000). A conservation action plan for British lowland heathlands was written in 1995
(UK Steering Group, 1995) as part of the UK’s commitment to the international
Convention on Biological Diversity (1992), and was implemented through the National

Lowland Heathland Programme and currently through the Tomorrow’s Heathland
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Heritage programme.

Heathlands are also valued as cultural landscapes. In some places (such as Dorset in
southern England) whole landscape units comprising open heath and mire, semi-
improved riverine meadows, saltings, scrub and woodland have persisted and are
greatly valued. The open panorama associated with heathlands has been unfavourably
described in the past as ‘sandy, wild and barren country’ (Defoe, 1724) and as ‘hungry,
sandy, barren wastes’ (White, 1798). However, these viewpoints were from an
agricultural perspective and in a time when considerably more ‘free nature’ (Naess,

1971) survived in Britain. Today the beauty of their bleak wildness is appreciated in a

society where little that is wild remains (e.g.Webb, 1986; Gimingham and de Schmidt,
1983; Heil and Aerts, 1993).

Plate 1.1 Grip Heath, Purbeck, Dorset, looking out over Middlebere Lake.

In this chapter, existing knowledge of historical grazing practices on lowland
heathlands in Britain is reviewed, supplemented with information from other European
countries. Current knowledge of the impact of livestock presence on heathland
vegetation is summarised, together with information from similar systems such as
upland heathlands and lowland heathlands elsewhere in Europe. The aims of this thesis

in filling some of the gaps in this knowledge are then outlined.
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1.2 Historical context
1.2.1 THE ROLE OF GRAZING IN TRADITIONAL HEATHI_AND USE

Although little is known about traditional heathland use in the UK, more is known in
continental Europe, where heathland management may have been similar to that
practised in Britain. Webb (1998) described a range of traditional management
practices that were responsible for the maintenance of open heathland until at least the
20th century, including grazing, burning vegetation to promote growth for stock,
cutting vegetation for livestock fodder and bedding, and cutting turf, peat and gorse for
fuel. These activities occurred in combination, although the relative importance varied
from region to region. In typical heathland management from the north-western
European heathlands of Flanders, the Netherlands and Germany, sheep were herded on
the heath for about six hours a day and confined to barns for the remainder of the time.
Small irregular areas of heathland were burnt from time to time to provide a continuous
supply of nutritious forage. In the winter, fodder for animals in the byre was
supplemented with heather, which was cut on a 3-5 year cycle. Dried, crumbled peat
and cut turves were used in byres to absorb excrement and were then spread on arable
plots as fertiliser. In Denmark, a similar system was used. Sheep remained out all year
but cattle were periodically tethered on the heaths and taken to their stalls at night

where their dung was collected.

This system of land-use shows the key role that heathlands played in the cultural
landscapes of Atlantic Europe (Diemont & Jansen, 1998). The landscape comprised
areas of heathland linked by traditional farming practices to adjacent or nearby arable
land and meadows, and livestock grazing played a fundamental role in transferring
nutrients from the heath onto cultivated land. For example, settlements on the west
coast of Norway were surrounded by infields used for pasture, hay meadows and arable
plots, then by extensive outfield areas of heathland (Webb, 1998). Heathland was used
in conjunction with these other habitat types, and the farming system would not have

been sustainable using only one element of the landscape.

In Britain, less is known as the traditional system has not been practised within living
memory. Heathlands were frequently common land (Rackham, 1986), and played a
similar role in the cultural landscape to that described above. It is known that heaths
were grazed and bumt, and turves and gorse Ulex spp. were cut (e.g. Cunningham,
1974; Tubbs, 1986; Traynor, 1995; Allchin, 1997). There is evidence in Dorset to

suggest arable plots were fertilised with the dung of animals grazed on the heaths
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(Webb, 1998). The type of livestock used tended to depend on locality. In East
Anglia, where sheep were predominantly used, animals were grazed on the heaths
during the day and folded onto arable land at night. Free-ranging cattle and ponies
were traditionally used in areas such as the New Forest and Ashdown Forest, where
pigs were also grazed. The New Forest in particular still retains its ancient practices
and grazing rights (Tubbs, 1986). In such free-ranging grazing systems, the social
behaviour of the livestock is a key factor in determining the pattern and structure of the

vegetation, as the animals are not herded.

1.1.2 DECLINE OF LOWLAND HEATHLAND GRAZING IN EUROPE

Grazing management of lowland heaths declined throughout the 18th and 19th
centuries as agricultural improvement changed traditional farming practices. Heathland
became increasingly redundant, and in many cases was ploughed up. The decrease in
grazing on surviving heathland was accompanied by a reduction in associated activities
such as bumning (e.g. Moore, 1962, Allchin, 1997). In the New Forest the number of
cattle and ponies grazing during the late 19th century declined from around 2200 and
3000 respectively to around 1000 and 750 in 1940, although numbers have
subsequently risen (Tubbs, 1968). In the 1860s over 750,000 sheep were grazed on the
Liineburg heaths of Germany reducing to 250,000 by 1900 and 25,000 by 1950 (Henke,
1982). Similarly, on the heathlands of the Monts d’Arrée in Brittany, the extensive
sheep grazing known to have occurred around 1900 had ceased entirely by the 1970s
(Lefeuvre, 1980). Grazing on some of the Breckland heaths of East Anglia had ceased
by 1956 (Sheail, 1971; Crompton & Sheail, 1975) and in Pembrokeshire the heathland
commons had fallen into disuse by the 1960s (Evans, 1989). Sheep grazing, which was
widespread on the Purbeck heaths of Dorset, had stopped by the 1920s (Amold, 1999),
while dairy herds were kept on the heaths until land clearance by the military in the
1940s. Agricultural intensification reduced the use of heaths for livestock grazing
throughout the 1940s and 1950s and grazing by farm workhorses declined with the
advent of the tractor in the 1940s. Use for grazing by gypsy horses also declined
through the 1940s and 1950s. Similar unquantified declines have been recorded from
other heathlands across Europe (e.g. Ejlerson, 1992; de Beaulieu & Fichaut, 1992;
Pahlsson & Danielsson, 1995; Rosberg, 1995).

However, grazing is now increasingly being reintroduced to sites as a conservation
management tool (e.g. Wallis De Vries et al, 1998). A third of heathland National
Nature Reserves in England were being conservation grazed by 1997 (Michael, 1997),
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and the number continues to rise. For example, in Dorset, where only two sites were
still intermittently grazed before 1990, grazing has now been reinstated on at least 20
sites (I. Alexander, pers. comm.). In general, grazing management is less intensive
than previously - livestock remain on the heath throughout the night and are generally
free-ranging, although in some cases confined, by temporary fencing rather than
shepherding, to particular areas of heathland sites for more limited time periods.
Grazing is generally used in conjunction with other management practices such as
cutting and burning, and less frequently peat, turf or soil stripping. However, in many
places heathlands no longer form an integral part of a functioning cultural landscape,

and their management (and ownership) is generally detached from that of the

surrounding land.

1.1.3 HISTORICAL STOCKING RATES

Historical references to livestock numbers are few, and generally contain insufficient
information to estimate stocking rate. In the 12 century sheep densities on 930ha of
heathland at Lakenheath Warren were nearly 2.3 ha (Crompton & Sheail, 1975). On
660ha of unenclosed heath in the Suffolk Sandlings sheep densities were 1.3 ha™ in
1770 (Chadwick, 1982). Stocking rates in the New Forest (including woodland) in the
late 19th century averaged 0.11 cattle and 0.18 ponies ha’, although numbers
fluctuated widely (Tubbs, 1997). It is worth remembering that these stocking densities
were aimed at maximising agricultural returns from the heaths, rather than meeting
conservation objectives, and were influenced by market prices and the state of the
pastoral economy (Tubbs, 1997). Agricultural returns were likely to have been
different from those expected today - for example, wool was more important than meat
in medieval sheep farming (Small, 1994), while an important role of sheep on the light
East Anglian soils was manuring (e.g. Crompton & Sheail, 1975). This would have
required less forage per capita than meat orientated production (as practised today). In
addition, different welfare standards from those maintained today would have permitted

stocking at densities now considered unacceptable.

The manorial system under which much of rural lowland Britain functioned from the
medieval period until the 19th century meant that most heathlands were grazed in
common by tenants of the manorial estates. The earliest historical sources are the
Anglo-Saxon charters (7th - 11th centuries) - the legal means of land conveyance,
which in some cases contain information on management practices (Rackham, 1986).

The Domesday Book from the 11th century frequently records livestock numbers and
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types but categorises heathland under pasture, and pasture was only recorded from the
south west of England. Manor court books (generally held by County Records Offices)
contain some references to grazing rights on common land heaths between the 10th and

18th centuries, and have the advantage that later books are written in English rather

than Latin.

A superficial investigation of the manorial court records for estates in Dorset revealed
only limited useful information. For example it is known that ‘the usual cattle and
horses’ could be pastured on commons and heaths of a farm near Bere Regis
(Cunningham, 1974), but the numbers of animals this entailed is not specified. There is
some evidence to suppose that common grazing rights were not static (Gasden, 1988),
but may have changed between years. Where rights were quantified, the upper limit to
commonable livestock numbers was generally that which each commoner could
support throughout the winter off the common (those couchant and levant on the
tenanted land). The numbers established by this method did not therefore provide an
absolute right, and may have changed according to the amount of forage available and
the commoners’ circumstances. An example of grazing rights is given by Brocklehurst
(1968) for Affpuddle in Dorset in 1573. Commoners were entitled to graze five sheep
on the heath per acre of tenanted (i.e. non-heathland) land, and one cow or horse per

two acres of tenanted land (equivalent to 11 sheep ha andc1 cow/horse ha™).

It is not known to what extent common rights of pasturage were taken up. Records of
fines imposed for exceeding stocking rates in both Affpuddle and other parishes in
Dorset indicate that rights were over- rather than under-exploited in this area. Young
(1771) commented that the ‘Dorset wastelands were held in common, and so suffered
from overstocking and overgrazing’. Given the relative stability of the agricultural
system from the 10th century until the agricultural revolution at the end of the 17th
century, it may be assumed that heathland stocking rates must have been sustainable or
this particular aspect of the agricultural system could not have persisted - there was no
means of supplementary feeding from outside of the immediate agricultural unit and (at
least in theory) the animals grazed on the heath were the same individuals as those
supported by the tenanted land in winter. However, it seems possible that stocking rates
on heaths increased throughout the late 18th and 19th centuries as the areas of
commonable heathland diminished through enclosure relative to the areas of tenanted
land. Gasden (1988) suggests that this may have led to overstocking on commons in

general.
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More recent sources of information on heathland grazing include various agricultural
and land surveys and reports, e.g. Claridge (1793), Abraham & Driver (1794), and
Tavener (1937). Few of these contain actual heathland stocking densities, although
Tavener (1937) gives densities of 7-21 sheep and 2-6 cattle per 100 acres of fotal land
area in parishes on the Bagshot sands of south-east Dorset (equivalent to 0.32 — 0.95
sheep ha'and 0.01-0.27 cattle ha'). These are predominantly heathy areas, but
although Tavener estimates that 20% of the land area is permanent grassland, he does
not give a figure for the percentage comprising heathland. The Commons Registration
Act (1965) provides a more recent source of information on stocking rates, as it
required all common rights holders to register and quantify their grazing rights.
However, Evans (1989) considers that, in Pembrokeshire, the figures in fact bear little

relation to the actual rights practiced, and this may be the case elsewhere.

References to grazing season are more easily found than those for stocking density.
For example, in Dorset sheep could be pastured on the Weld Estate heaths throughout
the winter from St. Thomas’ Day (December 21) until the middle of March" Ponies
remained on the New Forest heaths all year (Tubbs, 1991) as did farm workhorses
(when not in use) on the Pembrokeshire heaths (Evans, 1989), while in Cornwall ponies
grazing on Bodmin Moor during the summer may have been brought to the coastal
heaths for the winter (S. Ford, pers. comm.). Arnold (1999) speculated that sheep were
only grazed on the Purbeck heaths in Dorset in summer, as farmers also had rights of
common on the nearby downland. There is insufficient information to establish
whether the timing and duration of grazing seasons were telatively constant for similar

heathland types or within particular areas.

1.1.4 ANIMAL TYPES

There is very limited information available about the types of animal used. It is known
that sheep were generally grazed on the drier grassier heaths of East Anglia (e.g.
Crompton & Sheail, 1975; Chadwick, 1982). Cattle, ponies and pigs were pastured on
the New Forest (Tubbs, 1991), and cattle, sheep, goats, geese and horses were grazed
on the Pembrokeshire heaths (Evans, 1989). Gypsy horses apparently had a
considerable impact on the Pembrokeshire commons until the early 20th century,
together with goats and geese. Donkeys are known to have been used on the Purbeck
heaths for transporting clay and agricultural produce, and were also grazed on the

heaths (Plate 1.2) (Arnold, 1999). In some areas changes in the type of livestock used
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may have occurred over long time scales - for example it is suggested that ponies were
formerly important on coastal heaths in Cornwall (J. Harvey, pers. comm.), although

cattle were subsequently more common.

L : e e
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Plate 1.2 Donkeys grazing heathland (possibly Middlebere) in Purbeck, Dorset (from an archive

held by the Dorset Natural History and Archaeological Society).

Prior to 1750, few farm livestock breeds were recognised, although there were regional
types reflecting local needs and environmental influences (Small, 1994). Most breeds
were created in the late 18th —19th centuries and subsequent use of these reflected
changes in market demands. It seems likely that the hardy breeds most similar to the
regionally adapted types were used on lowland heathlands. It is known that New Forest
ponies were grazed in the New Forest, and in his literature Hardy refers to the
‘heathcroppers’ of Dorset (e.g. in ‘Return of the Native’). These were small, tough
ponies, which may have been part Exmoor (Armold, 1999). Chadwick (1982) refers to
the Southdown and Norfolk sheep being used in the Suffolk Sandlings, and notes that
they were simply called ‘heath sheep’. Stevenson (1812) commented that he was
unsure what breed the “...half-starved sheep suffering from foot rot which could kill
them...” were in Dorset, but thought they might be Portland sheep. He described
cattle on the Dorset heaths as a “...long-horned kind rather short in the leg, with white
backs and bellies and dark spotted or brindled sides. A mixture of various breeds from
the surrounding counties and the Channel Islands. Some were Devons...”. Arnold
(1999) suggests the cattle seen in photographs taken at the end of the C19™ on the

Purbeck heaths were Shorthorn x Hereford crosses

' DRO D10/181 Accounts of Court Barons in the estates of Thomas Weld 1783-1800
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Plate 1.3 Heathland pony beneath Creech Hill Plate 1.4 Cow on Arne Heath, Dorset (Dorset

in Purbeck, Dorset (from an archive held by the County Museum).
Dorset Natural History and Archaeological

Society.

1.1.5 SHEPHERDING

Traditional practises in Europe included fairly intensive livestock management, with
animals shepherded on the heaths, and often returned to the farms at night. It is
probable that this also occurred in Britain. Evans (1989) found references to children
shepherding stock across the unfenced Pembrokeshire commons in the late 16th and
early 17th centuries. She also interviewed local farmers who described cattle and sheep
being shepherded during the day and brought back to the farms at night, within living
memory. Chadwick (1982) reports that sheep were shepherded on the Suffolk
Sandlings, being walked out each morning from the farms and returned at night to be
folded onto arable or improved grassland. Recent research (N.Webb, unpub. data)
suggests that similar patterns of use may have occurred in Dorset. In interviews with
local people who had memories of agricultural use of the Purbeck heaths in Dorset,
Amold (1999) established that cattlegrazed on the heaths were retained within
enclosures made of earth banks topped with gorse. Manor court books in heathland
areas in Dorset frequently refer to the employment of a shepherd within the parish. A

census carried out in the parish of Corfe in 1795 lists four shepherds, who presumably
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worked on the adjacent heathland and downland (Legg, 1986). Legg also mentions

records of labourers who kept single cows on the common and brought them back to

the village daily for milking.

In summary, grazing was a fundamental part of traditional heathland use until its
decline during the 20th century. While only a limited amount is known about how
traditional management was practised in Britain, it is likely that this was similar to
systems in Europe. In these, heathlands were an integral part of a larger cultural
landscape, and were managed in conjunction with arable land and improved pasture.
The limited information available about stocking rates and animal types used suggests

considerable local variation.

1.3 Effects of livestock presence on heathland vegetation

Grazing management of lowland heathlands for nature conservation is generally aimed
at maintaining open dwarf shrub vegetation with a high diversity of heath species while
helping to control scrub and other unwanted species (Bullock & Pakeman, 1997).
Although grazing has been reintroduced to large number of UK lowland heathland sites
in the last few years (e.g. Davies, 1995; Bacon, 1998; Small er al., 1999) there is
surprisingly little research evaluating the success of grazing in achieving these aims
(but see Byfield & Pearman, 1994; Bullock & Pakeman, 1997). While there is a
significant body of work on the impacts of livestock activity on upland heathlands (e.g.
Rawes & Welch, 1964; Grant, 1971; Grant, et al 1985; Armstrong & Milne, 1995;
Welch, 1995; Hartley, 1997) much of this work assesses the impacts of grazing in an

agricultural context.

Table 1.1 summarises the general trends observed in a number of studies of grazing
impact on heathland throughout Europe. Livestock activity on heathlands is shown to
reduce vegetation cover and re-establish earlier seral stages, creating an uneven aged
mosaic in the dominant heathland species. Succession can be slowed, or the
successional pathway changed, generally through a shift from ericaceous shrubs to
graminoids (Welch, 1984, Grant ez al., 1985, Bullock & Pakeman, 1997; Hartley, 1997;
Alonso et al., 2001) and the inhibition of scrub growth (Marrs et al., 1986, Tubbs, 1991
& 1997). The creation of bare ground can lead to an increase in leaching of soluble

nutrients and help maintain low nutrient levels (Marrs, et al., 1986), although dunging
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Table 1.1 Summary of effects of introduction/exclusion of herbivores on heathland systems. ‘Years

gives the time after grazing commenced/ceased. (Adapted from Bakker, 1998).

5

Introduction of herbivores Years Habitat Source
1. Grasses decreased ? Lowland Biilow-Olsen, 1980
grassland/heath

1. Locally increased species diversity, greater 4 Lowland dry Bakker et al, 1983
variation in vegetation type and structure, tree heath/grassland
seedling prevented from developing

2. Grasses decreased, Calluna increased. 5 Lowland Bokdam & Gleichman 1989

grassland/heath

3. Calluna and grasses decreased. 10 Lowland dry heath Van der Bilt, 1993

4. Increase in mire species, decrease in Molinia 3 Lowland wet heath/mire  Cox, 1998

5. Destabilisation of Molinia, (re)appearance of c8 Lowland wet heath de Beaulieu, 1998
pioneer plants on wet heath

6. Calluna increased 10 Grass heath Bokdam & Gleichman 2000
Invasive grasses and scrub did not decrease, Calluna heath
initial increase in species diversity

Exclusion of herbivores

1. Increase in ericoids and tall grasses 25 Upland heath Rawes, 1981

2. Increase in Molinia, Juncus acutiflorus Lowland wet heath/mire Clarke, 1988

3. Treeinvasion 10 Lowland heath Bokdam & Gleichman 1989

4. Declinein species associated with wet heath c60 Lowland wet heath & related  Byfield & Pearman, 1994
and related habitats habitats

4. Tall grasses become dominant 6 Molinia grassland Grant et al., 1996

Varied grazing pressure/season

1. Increased grazing — increase in sedges, forbs, ? Lowland wet heath Evans, 1989
decrease in Molinia, dwarf shrubs

2. Light grazing — ericoids, lichens & bryophytes 20 Upland heath Welch & Scott, 1995
increased; heavy — ericoids decreased,
graminoids & forbs increased

3. Calluna, Eriophorum decreased with 11 Upland blanket bog Grant et al., 1996
increasing pressure, bare ground increased

4. Height of Molinia caerulea sward decreased, 5 Molinia caerulea dominated  Bullock & Pakeman, 1996
more open vegetation & increased species wet heath
richness under higher grazing pressure.

5. Decrease in gorse height, except in summer, 2 Dry heath Gallet & Roze, 2001

when growth stimulated

may lead to local enrichment (Bakker et al., 1983). These processes may be expressed

differently across the spectrum of heathland vegetation types from dry through humid

and wet heath to valley mire. The impacts of livestock on dry and wet heath (including

valley mire) are each reviewed here, before consideration is given to three areas of

particular conservation interest: the control of invasive grasses and bracken, and scrub
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regeneration.

1.3.1 IMPACTS OF LIVESTOCK PRESENCE ON DRY HEATH COMMUNITIES

Much work has been done in the uplands concerning the effects of grazing on heather
Calluna vulgaris moorland, and MacDonald (1990) gives a detailed review of these. In
general, degenerate stands of heather are less tolerant of grazing than younger stands,
and take longer to recover from overgrazing (Grant & Armstrong, 1993). A 40%
removal of annual production over several years will damage even young vigorous
heather sward (Grant er al., 1978; Grant et al., 1982). Removal of over 80% will lead to
shoot death and a decline in stand density. Changes in Calluna cover and structure
through grazing depend on grazing intensity. Welch (1984) showed that heather cover,
height and biomass declined on upland sites with heavy livestock presence, but
increased under lighter grazing. Light grazing may stimulate young growth while not
adversely affecting mature or degenerate plants (e.g. Demopoulos, 1996), thus
maximising structural diversity. Heavier grazing may damage both younger and older
heather by repeated grazing of new shoots, uprooting of plants (Grant et al., 1978) and
trampling (Bayfield, 1979; Hester & Baillie, 1998). Absence of grazing may eventually
lead to Calluna degeneration and scrub and tree encroachment (Hester er al., 1991).
The effects of grazing also depend on soil type and soil moisture content: in the uplands
Welch (1986) found that Calluna was less damaged by grazing on dry soils than wetter
ones, while in Brittany Gallet and Roze (2001) found that humid heaths were more
sensitive to grazing than dry heaths. The effects of grazing on interactions between
Calluna and the other characteristic dwarf shrub species, bell heather Erica cinerea and
cross-leaved heath E. tetralix, have not been so well studied. Erica spp. tend to be
grazed only lightly (Bannister, 1966; Rose et al., 1996) or avoided altogether (Putman,
1987; Tubbs, 1991) and are therefore less vulnerable to grazing (although Gallet &
Roze (2001) suggest that Dorset heath Erica ciliaris, found on wetter heaths, may be
vulnerable to sheep grazing). However, changes in species cover may not reflect this.
Calluna can respond to grazing by assuming a prostrate growth form, so increasing
cover, whereas Erica cinerea continues vertical growth if cut (Gimingham, 1972), a
response which may make Erica more susceptible to damage by trampling. In general,
intermediate grazing is likely to favour Erica spp. in a mixed sward, while heavier
grazing will decrease both Erica spp. and Calluna. However no examples of this

process have been reported for lowland heathland.
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Grazing also affects the relative proportions of dwarf shrubs and graminoids in
heathland swards (Bakker er al., 1983; Welch, 1984; Bullock & Pakeman, 1997). This
is the result of a reduction in the cover of dominant species and increased opportunity
for regeneration by other species, and the differential resilience of species to grazing
and trampling. Generally, light grazing leads to an increase in dwarf shrub cover and
heavy grazing leads to the replacement of Calluna with grassland species (Hartley,
1997, Alonso et al. 2001). The most detailed work is from the uplands where Welch
(1984) found that light grazing favoured small increases in the cover of ericoids and
lichens. Heavy grazing favoured graminoids and forbs, particularly sheep’s fescue
Festuca ovina, but also common bent Agrostis capillaris, sweet vernal-grass
Anthoxanthum odoratum, smooth meadow-grass Poa pratensis, sheep’s sorrel Rumex
acetosella and white clover Trifolium repens. Mosses showed variable responses, with
Hypnum cupressiforme favoured by light grazing and Pohlia nutans and
Rhytidiadelphus spp. by heavy grazing. Once grassland areas become established
within heathland, preferential grazing of Calluna may further encourage their
expansion, as dwarf shrub species are more vulnerable to trampling and heavy grazing
than grasses (Clarke, et al., 1995; Hester & Baillie, 1998; Bokdam, 2001; Gallet &
Roze, 2001. Recent work (e.g. Bokdam & Gleichman 2000; Alonso et al., 2001) has
shown that the role of grazing in the competitive balance between grasses and ericoids

is mediated by resource availability.

The increase in graminoids and forbs in heath vegetation is also facilitated by seed
dispersal in dung (e.g. Bulow-Olsen, 1980; Welch, 1984), and on animals’ coats and in
hooves (e.g. Kiviniemi, 1996; Fischer er al., 1996). Welch (1984) found seed of 88
species in dung on upland heathland, although only seven of these germinated in any
numbers. Vreugdenhill & Wieren (1979) also found viable Calluna seeds in dung on
grassland. In extensive systems, more grassland species are likely to be transferred to
heathland communities than vice versa due to differential patterns in habitat use by
livestock for dunging and grazing (Putman ez al., 1987). No work has been carried out
on how long species introduced in dung persist in heath communities. It is worth
noting that most of the work on graminoids in dry heath communities has been carried
out in the uplands, where invasion by grasses is considered a conservation problem. In
contrast, on dry lowland heathlands these grassland communities are often of

considerable nature conservation interest in their own right (Sanderson, 1998).
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Finally, stimulation of regeneration from the buried seed pool is another way in which
livestock may be expected to affect the composition of heath vegetation. Characteristic
heathland species have been shown to form large and long-lived seed banks (e.g
Gimingham, 1972; Pywell er al., 1995; Thompson & Band, 1997). However, the
potential for livestock trampling to expose these has not been studied directly. Most
studies of trampling on heathlands concentrate on the effects of human trampling on
above ground vegetation (e.g. Bayfield, 1979; Harris, 1981; Shaw et al., 1995; Toullec
et al., 1999; Gallet & Roze, 2001, 2002).

The research reviewed here suggests that livestock activity on dry lowland heathland
increases the number of species and structural diversity when at intermediate densities.
However, dry heath communities are botanically intrinsically species poor (Rodwell,
1991). Where the grazing unit includes more mesotrophic communities, the increase in
species diversity may be due to the introduction of species not generally characteristic
of nutrient-poor heath communities (e.g. daisy Bellis perennis, dandelion Taraxacum
agg, Lolium perenne, (Vreugdenhill & Wieren, 1979)) and not necessarily considered
desirable by conservation managers. Therefore, the main beneficial impacts of
intermediate grazing pressures are to increase structural diversity with benefits for
animal communities (Lake, Bullock & Hartley, 2001). Little detailed information

concerning livestock activity and structural diversity on lowland heathland is available.

1.3.2 IMPACTS OF LIVESTOCK PRESENCE ON WET HEATH COMMUNITIES

There has been comparatively little work on the effects of grazing on wet heath
communities, which include humid heath, wet heath, valley mire, associated damp
grassland and seasonal pools. However, various conservation agencies and other
organisations have compiled observational reports that form a consensus regarding the

effects of grazing on wet lowland heathland communities.

Ungrazed wet heaths and mires tend to become dominated by purple moor-grass
Molinia caerulea (Clarke, 1988; Evans, 1989; Large, 2001), and a primary
conservation aim is to reduce this dominance (e.g. Wright & Westerhoff, 2001). A
number of studies have correlated a decrease in plant richness in valley mires with an
increase in M. caerulea cover following cessation of grazing (and vice versa) over time

scales varying between three and 40 years. Byfield & Pearman (1994) described the
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presence of desirable species in grazed wet heathland communities in the New Forest.
The medium height turf characterising New Forest wet heaths is considered ideal for
species such as heath lobelia Lobelia urens, lesser butterfly orchid Platanthera bifolia
and pale dog violet Viola lactea. Grazing (or other forms of disturbance) is cited as
essential to the long-term survival of species such as marsh clubmoss Lycopodiella
inundata, which seems to colonise sites very slowly and is therefore reliant on the long-
term continuity of favourable conditions. Poaching provides areas of bare ground
needed for the establishment of new individuals in the population, especially of the
more short-lived species such as slender centaury Cicendia filiformis, and coral
necklace Illecebrium verticillatum (Chatters, 1996). C. filiformis and pale butterwort
Pinguicula lusitanica are both known to grow within hoof prints (Neil Sanderson, pers.
comm.; Evans, 1989). Grazing is also considered to be important in maintaining the
open conditions of bog communities characterised by species such as bog orchid
Hammarbya paludosa, great sundew Drosera anglica and slender cotton-grass

Eriophorum gracile, although livestock use of these areas is limited (Pratt er al., 1986).

Grazing has now been reintroduced as a conservation management tool to a number of
sites supporting wet heath and valley mire, and this begs the question of whether there
has been a resulting increase in species diversity. Data from a single 25m x 27m
monitoring plot where grazing has been reintroduced on a site in Purbeck, Dorset (Cox,
1998) showed an increase in characteristic mire species such as bog asphodel
Narthecium ossifragum, oblong-leaved sundew Drosera intermedia, round-leaved
sundew Drosera rotundifolia, cotton grass Eriophorum angustifolium and some
Sphagnum species, together with a decrease in Molinia caerulea and dwarf gorse Ulex
minor, after three years. This is corroborated by two studies in Dorset and the New
Forest (Clarke, 1988; Sanderson, 1994). In both, data were collected from a limited
number of quadrats located on either side of a fence excluding (or at least reducing)
grazing on mire habitat at three or four sites. Sanderson (1994) found a 240% increase
in species number where grazing occurred, while Clarke (1988) found an average
increase of 70% with increased grazing pressure. In both cases, the main contribution to
increased species richness was the bryophyte and Cyperaceae groups, although herbs
also increased. The main decrease was in Molinia caerulea, although it remained
present. Clarke (1988) found that ericoids decreased, whereas Sanderson (1994) noted a
slight increase. Sanderson (1994) also noted that while the ungrazed areas could be

described by just one National Vegetation Classification (NVC) community type
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(Rodwell, 1991), the grazed areas comprised a mosaic of two contrasting communities.
There are, however, drawbacks to the methodologies used in this work, most notably a

lack of replication between monitored plots.

Similar trends in wet heath vegetation dynamics have been observed in other UK
heathland areas. Species abundance data from stands of grazed and ungrazed wet heath
communities on a number of sites in Pembrokeshire (Evans, 1989) show increased
cover of sedges and forbs and a decrease in Molinia caerulea tussocks after grazing.
Evans (1989) also found that while changes in species composition were slight after the
first season, vegetation structure continued to change for at least six years, mainly

through a continuing decrease in the abundance of dwarf shrub species.

1.3.3 IMPACTS ON INVASIVE GRASS SPECIES

Grazing at both high and low densities can lead to a dominance of grasses and a
reduction in species and structural diversity, and can be problematic for conservation
managers. M. caerulea is a vigorously competitive grass species that becomes
dominant in wet heathland if not inhibited by some form of disturbance (e.g. Clarke,
1988). Grazing is generally considered an appropriate tool to reduce M. caerulea cover
(e.g. Diemont & de Smidt, 1987), although in the uplands M. caerulea replaces Calluna
under heavy grazing on wet soils (Welch, 1984c). In contrast, in the lowlands Edwards
(1985) and Tubbs (1986) suggested heavy grazing greatly reduces M. caerulea in damp
heath communities. The studies on wet heath communities discussed above generally

showed declines in the abundance of M. caerulea after grazing.

Deschampsia flexuosa plays a similar role in dry heathland, and communities can
become dominated by this species (Rodwell, 1991). A number of studies show that
grazing may decrease the cover of D. flexuosa (e.g. Biilow-Olsen, 1980; Hester et al.,
1991; Welch & Scott, 1995) although this is likely to be dependent on the initial
abundance and the grazing pressure used (e.g. Alonso et al., 2001). However,
dominance of D. flexuosa is thought to be increasing as a result of increasing
atmospheric nitrogen deposition (e.g. Vandereerden et al., 1991; Berendse er al., 1994;
Bobbink ez al., 1998; Britton et al., 2000), and this appears to reduce the efficacy of
grazing in controlling D flexuosa. In the Netherlands, Piek (1998) noted that, in

general, sheep grazing no longer controls D. flexuosa while Bokdam & Gleichman
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(2000) found that cattle grazing did not decrease D. flexuosa cover nor prevent D.

flexuosa invasion in heather.

Molinia caerulea stands have greater agricultural interest than Deschampsia flexuosa,
and consequently more is known about utilization rates (e.g. Grant et al., 1996;
Common et al., 1997; Wright et al., 2000). Grant et al. (1996) suggest that M. caerulea
will be retained as a prominent constituent of the sward if utilization rates are below
33% of annual growth. Leaf production was decreased by continuous offtake above this
level after six years of cattle grazing. Newborn et al. (1993) initially found that
Hebridean sheep controlled M. caerulea in an upland heathland sward through an
offtake of over 39% of the vegetation. However, over a longer time span, no decrease
in leaf density was found, despite an offtake of over 60% (Newborn, 2000). The
heather component of the sward did however increase. The figure of 33% is sometimes
quoted in conservation literature as a utilization threshold below which grazing will not
affect M. caerulea. However, Grant et al. (1996) only compared two utilization rates
(33% and 66%). Newborn’s (2000) work suggests it may also depend on the

management history of the site.

1.3.4 IMPACTS ON SCRUB AND TREE SPECIES

Scrub invasion is considered a key factor in the reduction of lowland heathland habitat
quality and area (Webb & Haskins, 1980; Marrs ef al., 1986; Webb, 1990; UK Steering
Group, 1995; Rose et al., 2000) and affects both wet and dry heath communities.
Studies in the uplands have shown that Scots pine Pinus sylvestris, birch Betula spp.
and juniper Juniperus communis regeneration can be controlled by high grazing
intensities (Miles, 1979), and that upland heath may succeed to woodland if grazing is
excluded (French et al., 1997). Similar studies in the lowlands are few. Circumstantial
evidence suggests that heavy grazing may inhibit the growth of scrub and trees on
lowland heaths (Marrs ef al., 1986, Tubbs, 1991; Tubbs, 1997). However, Bokdam &
Gleichman (2000) found that medium-intensity cattle grazing was insufficient to
prevent encroachment of pine and birch on a Dutch heath. Similarly, Bartolomé et al.,
(2000) found that commercial sheep and goat breeds did not maintain an open

landscape on heath vegetation in northern Spain.
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Grazing livestock will have some effect in removing or reducing the size of tree
seedlings (Bakker et al., 1983; Pratt et al., 1986) and have been reported to open up
areas of scrub by pushing through it and eating growing tips (Read & Williams, 1997,
J. Brooks, H. Garlik, R. Ekins, pers. comm.). Tubbs (1991) noted that pony browsing in
the New Forest can kill gorse Ulex europaeus regeneration following burning.
Livestock species and breeds that are predominantly browsers may have more of an
impact (Oates & Bullock, 1997). Landes de Bretagne sheep grazing on the Breton
heaths were shown to reduce gorse height, although summer grazing appeared to
stimulate growth. In Denmark, Buttenschgn & Buttenschgn (1982) found that Icelandic
sheep removed all above ground growth of bramble Rubus fruticosus agg. Studies
carried out on lowland grassland suggest that both goats (Oliver, unpub. data) and
Hebridean sheep (Wilkinson, 2000) can significantly reduce scrub and tree species.
These species are also considered to have significantly reduced extant scrub and/or
controlled regeneration on a number of lowland heathland sites (R. McGibbon, C.
Fitzgerald, pers. comm.). Livestock ability to control or reduce scrub invasion appears
strongly influenced by livestock type, in addition to grazing pressure and the

vegetational composition of the site.

1.3.5 IMPACTS ON BRACKEN PTERIDIUM AQUILINUM

The problem of bracken Preridium aquilinum invasion of heathland has generated a
considerable amount of research (e.g. Lowday, 1984; Pakeman & Hay, 1996; Marrs &
Britton, 2000) and conservation effort (e.g. Wright, 1993; Rutter, 2001). Livestock will
consume small amounts of bracken (Putman et al., 1987,) but generally not in sufficient
quantity to reduce cover significantly. A spatial simulation model of vegetation
dynamics applied to relationships between expansion of bracken patches and grazing
found that small bracken patches could be controlled by livestock, but not the
expansion of large patches (Birch er al., 2000), and depended on the impact of
trampling rather than grazing. Pakeman er al. (1997) found that where livestock
activity was sufficiently high, bracken regeneration on upland heathland was slowed
following herbicide (asulam) treatment. Again this was due to disturbance through
trampling. Livestock grazing may in some cases allow the spread of bracken because it
is avoided and competition from other species is reduced (Davies et al., 1979). Bracken
is toxic to livestock when consumed in quantity, and welfare concerns prevent the use

of livestock grazing (as opposed to trampling or digging) as a tool for bracken
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management. No data are available on the impact of livestock presence on bracken on

lowland heathland.

1.3.5 SUMMARY

In summary, the impacts of livestock presence on lowland heathland vegetation will
vary according to stocking density, livestock type, grazing season, vegetation start
point, site characteristics and climate. At intermediate stocking densities, grazing is
likely to produce maximum species and structural diversity on all heathland vegetation
types. High and low extremes can both lead to an increase in grass cover and a
reduction in dwarf shrub cover; low density will generally allow an increase in scrub
cover. Data are lacking on the degree of structural and species diversity and the scale of
vegetation mosaics created by livestock presence, particularly for wet vegetation types.
Livestock presence can control and reduce invasive grass species (provided the sward

is not nutrient enriched) but will not necessarily control scrub and tree species.

1.4 The need for further research

1.4.1 THE DECLINE IN WET HEATH AND VALLEY MIRE PLANT SPECIES

In the early 1990s, Byfield and Pearman (1994) carried out research into the changes in
Dorset’s heathland flora. Comprehensive survey work carried out by Good (1948)
provided base line data for the comparison of populations of selected heathland species
of conservation note in the 1930s and the early 1990s. The work indicates a substantial
decline in the floristic diversity of the Dorset heaths, and attributes this to the cessation
of traditional management, in particular livestock grazing. Byfield & Pearman recorded
the presence or absence of 41 indicator species of conservation interest that had been
recorded by Good. No indicator species were chosen for dry heath, because it does not
support any higher plants of conservation concern (www.ukbap.org.uk). Table 1.2 lists
the proportion of populations on wet heath and associated habitats that had declined on

extant heathland sites (i.e. those that were still regarded as supporting heathland

vegetation).

Byfield and Pearman compared this decline with the situation in the nearby New
Forest, considered to be one of the best remaining examples of extensively grazed
systems in Europe (e.g. Wallis De Vries et al., 1998), and concluded that the heathland
flora had fared better in the grazed New Forest heaths. In Dorset, the biggest losses
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were in the three more fertile habitats, and Byfield & Pearman (1994) conjectured that
these losses were due to faster rates of successional change on these habitats following

the cessation of traditional management practices such as grazing.

Table 1.2 Proportion of extant stands where populations of indicator species have been lost in Dorset

since the 1930s (after Byfield & Pearman, 1994). No indicator species were chosen for dry heath

Habitat type Populations
lost since
1930s

Humid grassland 75.0 %

Lawns and greens 92.9 %

Seasonal ponds 81.6 %

Wet heaths 40.5 %

Valley mires 50.0 %

There are some methodological drawbacks to Byfield and Pearman’s work. For
example, Good set out to survey characteristic stands of natural and semi-natural
vegetation, which he then marked on 10 inch to the mile maps. Byfield and Pearman
relocated these stands and searched them for their particular species of interest, rather
than repeating Good’s methodology in first identifying stands. This may have resulted
in an over-estimate of the decline of species, as it did not take into account possible
colonisation of new areas, which might counteract extinctions from the re-surveyed
sites. Such ‘regional dynamics’ comprising extinctions and colonisations from habitat
patches might be expected, especially for short-lived ruderal plants (Freckleton &
Watkinson, 2002). In addition, a small number of stands do not appear to have been
correctly relocated (although this may simply be a typographical error in the National
Grid References provided by Byfield and Pearman). Nonetheless, the measured
declines are large, and are corroborated by other observations (e.g. Bowen 2000), so it
seems likely that there have been real declines in many species. By 2001, extensive
grazing had been reinstated on 18 heathland sites in Dorset by (or with the help of)
conservation organisations (I. Alexander, pers. comm.) largely in response to Byfield

and Pearman’s work (e.g. Byfield ez al., 1995; Nicholson, undated).

However, for both damp heath and valley mire, there is as yet little scientific study of
the role of domestic livestock in heathland vegetation dynamics. Work from the New

Forest (Pratt ez al., 1986, Putman ef al., 1987) suggests that habitat use by stock within
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heathland sites will be varied, and that use of wet heath and valley mires may be
limited. The extent to which livestock use wetter communities, and the impact of both
grazing and trampling on population dynamics and subsequent changes in community
composition are not adequately understood. The work described in this thesis was
therefore designed to fill some of the gaps in our knowledge about the use of livestock
in managing lowland heathland, with particular references to the wet heath and valley

mire communities of Purbeck, in Dorset.

The wet heath and valley mire communities found in Purbeck are described here in
order to provide a context for the work presented in subsequent chapters, particularly
chapters three to five, and the reader is referred back to this section where necessary.

The work undertaken is then outlined.

1.4.1 THE DORSET HEATHS

The heaths of Dorset in southern England were chosen as a study area on the basis of
the work carried out by Byfield and Pearman (1994), and because of the long history of
heathland research in Dorset (e.g. Moore, 1962; Ripley, 1973; Cunningham, 1974;
Haskins, 1978; Webb & Haskins, 1980; Chapman etz al., 1989; Webb, 1990; Pywell et
al., 1994; Traynor, 1995; Allchin, 1997; Mitchell et al., 1997; Rose et al., 2000) which
provides an excellent framework for further research. The specific heaths studied were

all located within Purbeck (Figure 1.1) in the south east of Dorset.

The Dorset heaths have seen an 80% reduction in area in the last two centuries, mainly
due to the improvement of nutrient poor podsols into less acidic and more nutrient rich
agricultural land (Moore, 1962; Webb & Haskins, 1980). By 1990, although direct
losses had virtually stopped, further reduction in the area of heathland was recorded
(Webb, 1990). This was attributed to successional changes from heath to scrub and
woodland, despite increasing conservation management effort (e.g. Nicholson, 1993;
Woodrow et al., 1996). More recent work (Rose et al., 2000) has shown that the main
subsequent losses have been in valley mire and wet heath, with a general trend of
succession to drier communities dominated by scrub and trees. These changes have
been attributed to the cessation of grazing and associated burning, plus a downward

trend in rainfall in Dorset (Rose et al., 2000).
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Figure 1.1 Main heathlands of Purbeck, Dorset, southern England.

Wet heath

Within the Dorset Heaths Natural Area (www.english-
nature.gov.uk/science/natural/role. htm), of which Purbeck forms about one third, there
are 2615 ha of wet heath (DERC, 1997). These comprise a suite of vegetation
communities defined by soil moisture, nutrient and base status. The substrate is either
nutrient poor mineral soils or very shallow peats that are at least seasonally
waterlogged, but may be surface dry in summer. Such substrates are too dry to sustain
large peat-building Sphagnum species associated with valley mires, but too wet to
support bell heather Erica cinerea, a species characteristic of dry heaths. In general,
the vegetation is referable to the M16 Erica tetralix — Sphagnum compactum wet heath
community of the National Vegetation Classification (Rodwell, 1991). This includes
two habitat types designated under Annex 1 of the Habitats Directive: Northern
Atlantic wet heath with Erica tetralix, and depressions on peat substrates

(Rhynchosporion).

The Erica-tetralix — Sphagnum compactum typical sub-community is frequent
throughout the Dorset heaths, and is characterised by variable proportions of Calluna
vulgaris, Erica tetralix and Molinia caerulea, with Sphagnum compactum occurring in

drier situations and Sphagnum tenellum in wetter hollows. Lichens can be frequent,
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particularly in transitions to drier heathland communities. In such situations there can
also be some enrichment of the sub-shrub cover by scattered bushes of Erica cinerea,
western gorse Ulex gallii and dwarf gorse U. minor. Deer grass Trichophorum
cespitosum, bog asphodel Narthecium ossifragum and cotton-grass Eriophorum
angustifolium become more frequent towards the wetter transitions to valley mire. This

is the most widespread M16 sub-community in Purbeck.

On more base rich substrates, the slightly richer M16b devil’s-bit scabious Succisa
pratensis — carnation sedge Carex panicea subcommunity is found, which includes
species such as meadow thistle Cirsium dissectum, saw-wort Serratula tinctoria and
milkwort Polygala serpyllifolia with occasional heath spotted orchid Dactylorhiza
maculata, petty whin Genista anglica, red fescue Festuca rubra, jointed rush Juncus
articulatus, and flea sedge Carex pulicaris. The nationally scarce marsh gentian
Gentiana pneumonanthe occurs in this community. The more acidic species such as
Narthecium ossifragum, Trichophorum cespitosum, Eriophorum angustifolium are less
frequent, and Sphagnum compactum and S. tenellum tend to be replaced by S.
auriculatum. This community is generally of a more tussocky nature due to the steady

movement of surface water, which encourages Molinia caerulea growth.

The very local white beak-sedge Rhynchospora alba — oblong-leaved sundew Drosera
intermedia sub-community (M16c¢) is more open, characterised by a reduced cover of
Calluna vulgaris, Erica tetralix and Molinia caerulea and an extensive cover of
Sphagnum compactum and S. tenellum with other mosses including Campylopus
brevipilus, plus scattered tussocks of heath rush Juncus squarrosus and Trichophorum
cespitosus. Wetter hollows and runnels support round-leaved sundew Drosera
rotundifolia and the rarer great sundew D. anglica, together with Rhynchospora alba.
Bare peat is colonised by Pinguicula lusitanica and the nationally scarce Rhynchospora
fusca and Lycopodiella inundata, which provide a strong floristic link with the valley

mire communities.

Mires

The Dorset Natural Area supports 618ha of ombrotrophic bog (DERC, 1997), which is

further classified as valley mire (a habitat largely confined in western Europe to Dorset
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and the New Forest), moor-grass mire, and bog pools (after Sanderson, 1998). Valley
mires develop along the floors of small, shallow valleys with low hydraulic gradients
and impermeable subsoils, allowing peat accumulation. In the context of nature
conservation, this term is also used in Dorset to encompass what are in fact closer to
Schwingmoor type basin mires (Fojt, 1994), where a raft of vegetation colonises an
open water surface before sinking to form peat, giving rise to a semi-floating structure.
The majority of the Purbeck valley mires are referable to the M21 Narthecium
ossifragum-Sphagnum papillosum mire community. However, where these have
become degraded or overgrown, this community is replaced by the Molinia caerulea
dominated M25 Molinia caerulea- tormentil Potentilla erecta mire community. Where
mires receive base-rich ground water and support black bog-rush Schoenus nigricans,
the very locally distributed M14 Schoenus nigricans-Narthecium ossifragum mire
community is found. Lastly, in more open areas, the M1 Sphagnum auriculatum bog-

pool community occurs.

The Narthecium ossifragum-Sphagnum papillosum mire community is dominated by
Sphagnum species, including the nationally scarce Sphagnum pulchrum, which has the
core of its British distribution in the Purbeck valley mires (Edwards, 1999). Other
characteristic Sphagnum species include S. papillosum, S. subnitens, and S.
auriculatum. Common associated species include Drosera rotundifolia, Erica tetralix,
bogbean Menyanthes trifoliata, bog pondweed Potamegaton polygonifolious and bog
myrtle Myrica gale. Rare and uncommon vascular plants associated with this
community include slender sedge C. lasiocarpa, bog sedge C. limosa, bog hair-grass
Deschampsia setacea, Drosera anglica, Dorset heath Erica ciliaris, bog orchid
Hammarbya paludosa and intermediate bladderwort Utricularia intermedia. Water
levels are constantly high, and the mires are soft and wet year-round, with natural
shallow runnels and water tracks. Peat development is extremely slow compared to the
uplands — similar mires in the New forest accumulate at a rate of 20cm per 1000 years
(Clarke, 1988). Consequently, peat depths are generally shallow. The Narthecium
ossifragum-Sphagnum papillosum mire community as a whole is not recognised in the
Corine classification of European habitat types (Anon, 1991) or the Habitats Directive,
but the Rhynchospora alba - Sphagnum auriculatum sub-community is encompassed

within the Annex I habitat ‘depression on peat substrates of the Rhynchosporion’.
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Many of the valley mires in Dorset include bog pools, where water flow is very slow,
or stops completely. Such pools are highly acidic and dystrophic. They are dominated
by floating masses or soft wet carpets of Sphagnum species with scattered vascular
plants growing through them, and fit into the M1 Sphagnum auriculatum bog pool
community. Dominant species are generally Sphagnum auriculatum and S. cuspidatum
with some submerged S. pulchrum. Vascular species are represented by Menyanthes
trifoliata, Rhynchopora alba and Eriophorum angustifolium. Rare species such as
Drosera anglica, brown beak-sedge Rhynchospora fusca and Carex limosa may also be
present. It is likely to be one of the few communities which can sustain its botanical

interest in the absence of grazing (Wright & Westerhoff, 2001).

Where valley mire systems drain into surrounding habitat, the M29 bog St. John’s wort
- bog pondweed Hypericum elodes - Potamogeton polygonifolius soakway community
develops, sometimes as a marginal belt between the valley mire and surrounding wet
heath. Grazing may play a part in preventing this community developing into carr

woodland in some situations (Rodwell, 1991).

Conservation interest of wet heath and valley mire.

In addition to many notable plant species, damp heath and mire are of conservation
interest due to the presence of a number of other rare and scarce species. Twenty two
species of Odonata are found on wet heath and mires, including the small red damselily
Ceriagrion tenellum which is confined to pools in valley bogs in the New Forest and
south east Dorset, and the southern damselfly Coenagrion mercuriale which is
associated with livestock grazing (Brooks, 1997). These, together with more common,
larger hawkers, such as the southern hawker Aeshna cyanea and migrant hawker
Aeshna mixta, form prey for the hobby Falco subbuteo, which hunts over open
heathland water. The raft spider Dolomedes fimbriatus can be seen on bog pools while
the large marsh grasshopper Stethophyma grossum is only found in the wettest parts of
bogs. Other characteristic heathland species such as the silver-studded blue butterfly
Plebejus argus and the smooth snake Coronella austriaca (confined to the heathlands
of southern England) are also associated with the presence of water or damper areas.
Genista anglica hosts its own specific micromoth Coleophora genistae known from no
other plant species, as does Gentiana pneumonanthe (Stenoptilia pneumonanthe). The
natterjack toad Bufo calamita, although no longer found in the Dorset heaths, breeds in

bog pools provided they are not too acid.
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1.5 THESIS OUTLINE

The research presented here considers the role of domestic livestock in the conservation

of lowland heathland today, with particular reference to the Purbeck heaths of Dorset.

Firstly, aspects of the behaviour of free-ranging livestock grazing heathland sites are
explored — do livestock use heathland sites in ways that have the potential to fulfil
conservationists’ objectives for those sites? The hypotheses proposed in Chapter 2 are
(1) that livestock use particular habitats more that would be expected through random

choice, and (ii) that different heathland habitats are used for different activities.

The effect of livestock presence on vegetation communities is then considered
experimentally in Chapter Three. The hypothesis that cattle activity alters the species
composition and vegetation structure of damp heath and valley mire communities is
examined. The physical effects of trampling, such as microtopographical variation and
compaction in the substrate are established. (Effects of livestock on nutrient cycling

within vegetation communities are not considered in this thesis).

Chapter Four looks at a suite of characteristic wet heath and valley mire plant species.
Using a combination of experimental work on emergence requirements and survey
work of general habitat requirements, it considers how livestock presence will affect
these species. It is hypothesised that livestock presence can create the conditions
required for emergence through canopy removal and compaction leading to raised

water levels.

Chapter Five looks specifically at regeneration from the buried seed pool and examines
the hypothesis that livestock trampling can facilitate the regeneration of wet heath and
valley mire indicator species. The potential for regeneration at sites where species are

considered extinct above ground is examined experimentally.

Chapter Six provides a synthesis of the results of the previous chapters in a
conservation context. It reviews the impact of domestic livestock on heathland
communities with particular emphasis on wet heath and valley mire plant communities,

and then looks at how this can be manipulated to achieve conservation aims.
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2. Livestock Behaviour

2.1 Introduction

Grazing is now recognised as a conservation tool for the management of lowland
heathlands (e.g. Michael, 1993). However, there is a need for greater understanding of
how free-ranging livestock use heathland systems to establish to what extent grazing
has the potential to fulfil conservation aims, and how it may be refined as a
management tool. The relationships between herbivores and vegetation are influenced
both by the behaviour and ecology of the herbivore, and the ecological response of the
vegetation to grazing and trampling damage (which is addressed in Chapter 3). This
chapter considers livestock behaviour. Herbivores are selective in both their use of
habitat and choice of plant species (e.g. Jarman & Sinclair, 1979; Duncan, 1983; Grant
et al., 1985, 1987; Welch, 1986; Gordon, 1989). As livestock selectivity influences
which, and to what extent, particular vegetation communities and particular plant

species within them are affected, it plays a key role in conservation grazing.

Work done to date exploring resource use by ungulates (including domestic livestock)
on lowland heathland communities has been limited to the New Forest (e.g. Pratt ef al.,
1986; Tyler, 1972; Pollock, 1980; Putman er al., 1987; Ekins, 1989). There is,
however, a substantial body of work from upland heathland, which gives some
indication of the likely behavioural patterns on lowland heathland (e.g. Gates, 1979;
Gordon, 1989b & c; Grant et al., 1987; Duncan et al., 1994; Clarke ef al., 1995b; Grant
et al., 1996; Hester et al., 1996; Hester & Baillie 1998; Hester er al., 1999). In
addition, there are a number of studies of grazing on heathland and other semi-natural
habitats from other countries (e.g. Duncan, 1983; Bakker er al., 1983; van Wieren,
1991; Wallis de Vries, 1991; Prins, 1992; Bokdam & Wallis de Vries, 1992; Fedele ef
al., 1993; Bartolome et al., 1998), which provide a useful framework for considering
livestock behaviour on heathland grazing in the UK. In this chapter, these studies are
reviewed before observational work carried out on resource use and behaviour in seven
livestock groups on heathland sites in Dorset is presented. The review is based on a

report done for English Nature (Lake et al., 2001).

The ideal free distribution (Fretwell & Lucas, 1970) predicts that, given individuals are
-able to move freely, they will go to the patch where their rewards (e.g. intake rate) are

highest, and this theory has been widely applied in studies of habitat selection (see
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Sutherland, 1996). For example, vegetation sward height and productivity was used to
interpret habitat selection by cattle and ponies in the New Forest (Ekins, 1989).
However, more complex versions of the model are generally needed to explain habitat
selection (Sutherland, 1996). In the case of domestic herbivores grazing on lowland
heathland sites, habitat selection is influenced by herbivores’ foraging strategies, which
in turn reflect herbivore physiology and social behaviour and therefore vary between
species and breeds. Environmental factors such as topography, climate (e.g. Rawes &
Welch, 1964) and human disturbance (e.g. Tyler, 1972; Duncan, 1983; Pratt ef al.,
1986) also play a role, as well as the relative abundance and quality of plant material

(e.g. Grant et al., 1985). These factors are considered here.

2.2.2 HERBIVORE-BASED FACTORS DETERMINING SELECTION

Digestive morphology.

Domestic herbivores include both hind-gut fermenters (equids) and ruminants (bovids).
In general, hind-gut fermenters have a higher rate of nutrient extraction from forage
(including low-quality forage such as that found on lowland heathland) than ruminants
(Duncan er al.,, 1990). Non-ruminant hind-gut fermenters, such as ponies, are less
efficient digesters than ruminants and have a faster throughput of food. However, as
their intake is not limited by rumen capacity, they are able to process a much larger
quantity of forage, which more than compensates for their digestive inefficiency. Their
fast throughput means they tend to spend more time grazing than ruminants. For
example, work in the New Forest suggests that ponies spend up 75% of their time
grazing, while cattle graze for only 57% of the time (Pratt er al., 1986). The digestive
system of hind-gut fermenters also suggests they are likely to be less selective, as they
can compensate for reduced quality by increasing quantity. Putman et al. (1987) show
this to be the case in the New Forest, where ponies show weaker preferences for more
habitat types than cattle. In addition, since hind-gut fermenters are more likely to be
able to keep up their intake out of the growing season by consuming poor quality
(including dead) material, they are less likely to experience winter nutrient stress. For
example, van Wieren (1991) observed that Highland cattle lost a significantly greater
proportion of their body weight over-wintering on a conservation area in the
Netherlands than Shetland ponies. Such differential effects of a decline in winter
forage quality are also illustrated in the New Forest, where the majority of cattle are

removed from the Forest for the winter, whereas ponies are generally out-wintered

(Ekins, 1989).
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Hofmann (1989) categorised ruminants along a continuum from grazing animals,
limited to consuming graminoids and forbs, at one extreme to browsing animals, which
concentrate on lignified, woody vegetation, at the other. Differentiation between
browsers and grazers is based upon gut morphology and consequent digestive ability,
which lead to differential diet selection. Grazers, such as cattle and sheep, retain forage
within the rumen for a longer period than browsers, enabling breakdown and
exploitation of plant cell wall contents and so can cope with poor quality forage.
Browsers such as roe deer have a short retention time and exploit rapidly digestible cell
contents. This strategy requires forage with better quality cell contents, so browsers are
likely to be more selective than grazers. Species such as goats are intermediate,
grazing some graminoids species but switching to browsing when these become too
fibrous. The difference between browsers and grazers is reflected in habitat choice in a
number of studies carried out on heathlands (e.g. Bullock, 1985; Bartolome et al.,

1998; Gordon, 1989a). A summary review of habitat and diet selection on heathlands

presented in Table 2.1.

Recent studies have shown, however, that whilst fibre digestibility is superior in
grazers compared to browsers, there are few other digestive differences between
grazers and browsers. In fact, several key elements of foraging strategy are better

explained by body mass than by Hofmann’s classification (Iason & van Wieren 1999).

Body size

Body size influences feeding strategy through its relationship with metabolic rate.
Smaller animals have a greater metabolic rate per unit of body weight than larger ones,
and so need relatively better quality forage to satisfy their metabolic requirements.
Larger animals must intake a greater quantity of forage, but their relatively lower
metabolic requirement plus the longer retention time of forage within the rumen means
they can use forage of a lower quality (e.g. Jarman & Sinclair, 1979; Demment & Van
Soest, 1985; Illius & Gordon, 1992). This was observed by Grant et al., (1985) in the
uplands, where cattle showed a greater readiness to graze more fibrous elements of the
sward than sheep. In addition, larger animals have a smaller incisor breadth
(determining bite size and so food intake) in relation to their metabolic requirements
(Illius & Gordon, 1987). These two factors mean that larger animals cannot tolerate the

short swards that can support smaller species, and so may be excluded by grazing
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pressure from mutually preferred swards (Clutton-Brock & Harvey, 1983). This has
been described from grazing areas including heathland on the Isle of Rhum (Gordon,
1989d), where cattle were excluded by red deer from highly digestible species-rich
grassland when the amount of available forage decreased in winter. The cattle are then
forced to move onto less digestible oligotrophic grassland, where they can intake a
greater amount of lesser quality forage. Similarly, Osborne (1984) suggests that the
presence of sheep on upland heathland in the west Highlands reduces the degree to

which red deer use their more strongly preferred swards.

The relationship between body size and metabolic requirements may also lead to sexual
segregation and differential habitat choice in dimorphic species. This has been
observed in goats on Rhum (Gordon, 1989d) and red deer in Scotland (Osborne, 1984),
where larger males forage on more oligotrophic communities than smaller females
when resources become scarcer in winter. Sexual segregation, facilitation and
competitive exclusion have not been recorded from lowland heathland sites. However,
these processes may occur on sites of sufficient size, where a wider choice is available

to herbivores. They are less likely to be observed on smaller sites where the choice and

extent of habitat types is limited.

Incisor morphology

The effects of relative incisor breadth on habitat selection have already been discussed.
However, other morphological aspects of the mouth also affect ungulate foraging.
Non-ruminants such as ponies have powerful opposed incisors that can easily cut
through fibrous stems (van Wieren, 1991). Ruminants lack upper incisors (the lower
incisors closing obliquely against a hard palate) and tear vegetation rather than cut it.
They also use the tongue to wrap around vegetation and pull. This difference allows
non-ruminants to graze closer to the ground than ruminants. In addition, species with
smaller muzzles are more likely to be able both to graze shorter swards and to select
plants from within a mixed sward. For example, sheep and deer have been shown to
graze closer to the substrate surface than cattle, which are less able to be selective while
feeding from fine-scale mixtures (Grant ef al., 1985; Grant et al., 1987). Sheep also
appear to be able to increase their search effort for preferred species when forage is

scarce by taking fewer bites per step (Laca & Soriguer, 1993).
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Table 2.1 Summary review of habitat and diet selection in domestic herbivores on heathlands.

Stock Time spent on habitat - habitat Dietary preference/composition Seasonal change in habitat/diet Area Study
type preference selection
Sheep N/A Molinia caerulea— preferred Use of Calluna & Eriophorum Scotland Grant et al.,
Trichophorum cespitosum — spp.increases as other spp. die off, 1976
preferred Eriophorum spp. peaking Jan ~Mar,
Carex spp — preferred Calluna Aug - Oct.
Calluna — preferred
Eriophorum spp.— preferred
Sheep Heathland — preferred during winter - Switch from heath and woodland to Netherlands Bakker ez al.,
Pasture- preferred July-Oct pasture in swmmer 1983
Sheep Mesotrophic communities - Strong See seasonal change Agrostis —Festuca, Calluna— West Osborne, 1984
preference Trichophorum and Nardus stricta Highlands
Oligotrophic communities — Strong swards used less, Molinia caerulea
avoidance grassland used more in winter
Sheep N/A Calluna utilisation in grass/heather Autumn increase in Calluna N.E. Scotland Clarke, er al.,
mosaic increased with 1995
fragmentation
Sheep N/A Erica sp. — preferred Winter increase in Calluna NE Spain Bartolome et
Calluna vulgaris —preferred al., 1998
Other woody spp — avoided
Graminoids — preferred
Forbs — lightly preferred
Cattle N/A See seasonal change Ericoids most heavily used Oct- North east Welch, 1984
Sheep Dec, less than graminoids in spring Scotland
& summer.
Molinia caerulea & Trichophorum
cespitosum most heavily used in
spring & summer
Cattle 60-70 % grasslands —strong 0-1.2% Molinia Little variation in use of habitat ~ New Forest Pratt et al,,
preference 65-80% other grasses artefact of supplementary feeding S. England 1986; Putman
10-20% wet and dry dwarf shrub 9-27% Calluna Most use made of Calluna in et al., 1987

heath -underexploited
10-20% woodland -avoided
gorsebrake -no preference

winter, Molinia caerulea in
SUMIMer.
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Table 2.1 cont’d. Summary review of habitat and diet selection in domestic herbivores on heathland

Stock Time spent on habitat - habitat Dietary preference/composition Seasonal change in habitat/diet Area Study
type preference selection
Cattle Grassland communities N/A Moved from mesotrophic to Isle of Rhum, Gordon, 198%b
oligotrophic grasslands in winter Scotland
Cattle - 63.8 % heathland - Under N/A Less use of heathland in winter Netherlands Wallis de Vries,
Meuse- exploited 1991
Rhine-
Issel
New 35-67% grasslands - strong 0.3-23% Molinia caerulea Greatest used of grassland in spring, New Forest, Pratt et al.,
Forest preference 36-75% other grasses wet and dry heathlands in late S. England 1986; Putnam
ponies <15% wet heathland - under 0.5-27% Calluna summer, gorse brake and woodland etal., 1987
exploited 6-10% Preridium aquilinum in winter
<10% valley mire - preferred in 0-13% Ulex spp. Grass max. in summer, Agrostis
summer curtisii replacing Molinia caerulea
<37% woodland & gorse brake - in autumn. Corresponding increase
preferred in winter in Ulex spp. & llex aquifolium.
Preridium aquilinum max in autumn
Ponies Grassland communities N/A Increased use of Molinia grassland Isle of Rhum, Gordon, 1989b
in summer Scotland
Exmoor Upland heath Calluna — avoided Grasses spring to autumn; gorse Exmoor, Baker, 1993
ponies Juncus spp.— preferred increases in autumn, max. use in SW England
Ulex spp. preferred winter, Junicus spp. max. in spring,
Pteridium — aquilinum no min. in winter, Calluna max in
preference winter, min in summer,
Molinia caerulea — preference intermediate spring & autumn
unknown
Goats Dwarf shrub heath N/A Females use mesotrophic grasslands Isle of Rhum, Gordon, 1989b
and dry heath in summer, heath in Scotland
winter. Males use dry heath,
increasing use of mesotrophic
grassland in spring & autumn
Goats N/A Erica sp —strongly preferred Spring decrease, summer increase NE Spain Bartolome et

Calluna vulgaris — preferred
Woody spp. — preferred
Graminoids — avoided
Forbs — avoided

in Calluna

al., 1998
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Seasonal variation in foraging behaviour

Seasonal variation in foraging behaviour and therefore habitat selection is likely to
occur on lowland heathlands as resource availability changes. It may differ between
livestock species due to the constraints imposed by body weight, digestive ability and
muzzle morphology outlined above. When forage availability declines in their
preferred habitats, larger ruminants and hind-gut fermenters, such as ponies, are more
likely to move onto areas with a greater abundance of poorer quality forage, while
smaller ruminants stay on what remains of the better quality forage (as seen on Rhum).
In the New Forest, ponies showed a significant shift from grasslands to gorse brake and
woodland in the winter (Pratt er al., 1986). However, this may be related to an
increased requirement for shelter during winter. Cattle remaining in the Forest over
winter were given supplementary feed, and spent most time in the area where the feed
was supplied (Ekins, 1989). Gordon (1989b) noted seasonal trends on Rhum, where
cattle, ponies, goats and red deer all showed a greater degree of habitat selectivity in the
summer and winter, broadening their habitat use in spring and autumn. Similarly,

Duncan (1983) found that habitat selectivity by Camargue horses was greatest in the

growing season.

Herding behaviour
Cattle show strong herding behaviour (Arnold & Dudzinski, 1978). In the New Forest,

cattle form groups of at least 10 individuals and are therefore less widely dispersed
over the forest than ponies, which form smaller groups. Vegetation types occurring in
small patches (e.g. <10ha) such as roadside verges and streamside lawns tend to be
avoided - possibly because they are too small to accommodate the whole herd (Putman
et al., 1987; Ekins, 1989). The size of both the herd and the grazing unit may affect
dispersal patterns — small numbers of cattle on small (<10ha) heathland sites in the
London Basin are considered to roam as widely as ponies (R. McGibbon, pers. comm.).
Group size may also influence behaviour. For example, smaller groups of cows have

been shown to be more vigilant during grazing than larger groups (Rind & Phillips,
1999)

Wild horse populations with natural sex ratios generally have a harem structure (Wells
& von Goldschmidt-Rothchild, 1979; Gates, 1981). However, on many sites grazed for
conservation, stallions are not included within the herd, and consequently this structure
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is found infrequently. In the New Forest, ponies tend to form small family groups or
associations of two to three individuals (Tyler, 1972). This results in a much wider
dispersion of ponies than would be the case if large herds existed. Territorial behaviour
is also generally absent, although groups tend to maintain home ranges and grazing
pressure is greatest where these overlap. Simiarly, the sex ratio of sheep flocks is
generally altered. Sheep on upland heathlands form matrilineal groups that use
particular parts of the home range in a regular daily fashion (known as hefting), and do
not herd as a whole unit (Hunter & Milner, 1963). This means that sheep tend to be
widely dispersed over the grazing area. Social behaviour in sheep has not been
reported from heathland habitats in the lowlands. Hefting is generally associated with
upland breeds, and is less likely to occur on smaller sites. Feral goats also form
matrilineal groups, with male groups that often range separately (D.Bullock, unpub.

data). However, their home ranges have clearly defined boundaries with little overlap.

Learning behaviour

There is evidence to suggest that diet selection is learnt from an animal’s mother and
the other animals with which a young animal associates, and that this is more important
than breed effects (Key & Mclver, 1980; Provenza & Balph, 1987, 1988; Dwyer &
Lawrence, 1997). For example, Provenza & Balph (1988) have shown that the diet
selected by fostered lambs relates to their foster dam rather than to their breed. Feeding
preferences may also reflect regionally determined feeding experience handed down by
mothering (Biquand & Biquand-Guyot, 1992; Provenza, 1994). This is seen in goats
from different regions of Italy, which, when grazing together, select different species
from the sward (Fedele er al., 1993). To what extent the observed differences in diet
selection that occur between livestock breeds (Mercer et al., 1997; Bartolome et al.,
1998; Wright er al., 2000) are in fact due to learning behaviour is unclear. Learning

behaviour has not been studied on heathlands.

Inter-specific interactions

On lowland heathland sites with more than one species grazing, interspecific
interactions may also have an effect on habitat selection. Once resources become
depleted, only smaller animals are able to exploit them, and larger animals are forced to
move to areas where forage is still easily available to them (as discussed under Body

Size). Such indirect competition has been observed on Rhum between cattle and red
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deer (see above). This process has also been observed in reverse (Clutton-Brock &
Albon, 1992), where removal of sheep from upland heathland in Scotland has been
followed by an increase in deer numbers. However, in manipulative experiments, the
overall patterns of foraging behaviour by sheep and deer on upland heathland were
little affected by the presence or absence of the other species (Hester et al., 1999).
Direct competition has rarely been reported between domestic livestock species grazing
semi-natural communities. Ponies are considered dominant over cattle in the New

Forest (Ekins, 1989), although the extent to which this may affect habitat choice by

cattle is not clear.

2.1.2 PLANT-BASED FACTORS DETERMINING HABITAT SELECTION

Plant quality: within and between species differences

Like other herbivores, domestic livestock are constrained in their dietary selection by
the variables associated with their body size and behaviour. However, a further factor
driving diet selection is the variation in forage quality, both within a species (e.g.
younger foliage is often more nutritious than older foliage) and between species (as
plant species differ markedly in their nutrient and secondary compound content). Some
heathland plant species are well known to be relatively unpalatable; for example,
bracken Pteridium aquilinum has a variety of toxic constituents, whilst matt grass
Nardus stricta is fibrous and has high levels of silica. In contrast, other species, such as
many grasses (e.g. Agrostis and Deschampsia species) are very attractive to large
herbivores. Generally plants or plant parts that are low in nitrogen or other nutrients

and high in lignin, fibre and secondary compounds will be relatively unattractive to

herbivores.

The majority of work on dietary selection by livestock concerns sheep in upland
systems. Sheep have been shown to avoid Nardus stricta, purple moor-grass Molinia
caerulea and rushes Juncus spp. in favour of other grasses and heather Calluna
vulgaris (Welch, 1986; Hartley, 1997; Alonso et al., 2001). In addition to showing
marked between-species preferences, sheep are also very adept at detecting small
variations in plant quality within a species. For example, they will graze the new
shoots on N. stricta tussocks, which are higher in nitrogen and less tough than the older
shoots. They have also been shown (Duncan et al, 1994) to detect changes in the
quality of Calluna produced by fertiliser, even though this experimental manipulation

produced no visual cues (e.g. fertilised shoots were no longer, nor did they have more
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flowers). Cattle are believed to be rather less selective than sheep; for example, they

will graze on N. stricta and can decrease its cover (Welch, 1986).

Plant quantity: the relative abundance of plant material

Despite the selection behaviour described above, studies on a range of herbivores have
shown that plant quantity may be more important that plant quality in diet selection.
Herbivores often prefer areas of high biomass when they can maximise their intake
rate. For example, Arnold (1987) found that sheep concentrated their grazing in patches
of the highest yield; only when this had been taken into account were effects of species
palatability detected. Similarly, deer were found to select the trees they browsed purely
on the basis of tree size (Hartley er al., 1997). The chemical composition of the trees in
terms of nitrogen and secondary compound content had no measurable effect on

preference and the sole effect of fertiliser on preference was via the effects of nutrient

addition on tree size.

Duncan (1983) showed a relationship between habitat use and forage availability for
horses in the Camargue, where habitats with abundant green (as opposed to dead)
forage were preferred. In contrast, Putman & Pratt (1987) found no clear correlation
between forage availability and habitat use in the New Forest. In the uplands, diet
selection has been shown to remain constant despite decreasing forage availability:
both sheep and deer have been found to maintain their preference for grass over heather
despite a decreasing availability of grass (Hester et al. 1999). Little direct work has
been carried out on the implications of optimal foraging (i.e. maximising energy or
nutrient intake per unit foraging time) by domestic livestock on semi-natural
communities. Given that the need to meet food requirements is a primary determinant
of differential habitat use by herbivores, clear relationships between the amount and

suitability of forage available in habitat and habitat use may be expected on a broad

scale (e.g. Ekins, 1989).

Plant distribution: spatial variation in vegetation.

Many heathland sites support relatively fine-grained mosaics of different vegetation
community types. The distribution of vegetation types has an influence on selection.
Again, most work in this area has been done in the uplands and has examined how

sheep forage in grass heather mosaics (Clarke er al., 1995 a & b; Hester & Baillie
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1998, Hester er al., 1999). Since sheep prefer palatable grasses (e.g. Agrostis and
Festuca spp.) to woody species such as heather, they are attracted by grass patches
within the heathland canopy. Grazing can then lead to fragmentation of heather cover
and an increase in grass patches of a variety of sizes, shapes and distributions.
Utilisation of heather may be greater at the edge of grass patches than further away in

the canopy, regardless of the size of the grass patches (Hester & Baillie, 1998).

2.1.3 SITE-BASED FACTORS
Shelter

The importance of shelter varies with species and with site characteristics including
climate. Pratt et al. (1986) found that foraging defined habitat use by New Forest
ponies during the day, while the need for shelter was more important at night.
Grassland communities were used during daylight hours, and woodland and gorse
brakes were used more frequently after dusk, although the ponies still grazed for up to
67% of the night. Cattle also moved off grasslands at night, but tended to move onto
dry heathland in clear conditions, only using woodland when visibility is reduced. They
grazed little at night. Few other studies include diurnal observations (but see Hester er
al., 1996). New Forest ponies and cattle also show a clear selection for shelter in

winter, increasing their use of gorse brake and woodland at the expense of grassland.

There are a number of examples of weather conditions influencing habitat selection. In
the New Forest, ponies, and to a lesser extent cattle, seek out shaded areas conferring
protection from sun and flies during the middle of the day in summer, and have been
observed travelling up to 6 km to reach it (Tyler, 1972; Ekins, 1989). Shaded
grasslands are used to a greater extent than more exposed ones during this time (Ekins,
1989). Sheep studied in the Basque region of Spain searched for shelter from the sun
and rested for between 3 and 6.5 hours in the middle of the day during summer in N
Spain (Marijuan-Angulo, 1996; I. Alonso pers. comm.). Goats require shelter in winter
(Oates & Bullock, 1997), and make greater use of beaches for winter-feeding on Rhum
due to the proximity of caves providing shelter (Gordon, 1989). Rawes & Welch (1964)
showed that strong winds decreased the use of exposed Pennine slopes by sheep, and
Oates er al., (1998) noted that Welsh Mountain ponies and sheep caused localised
vegetation damage by sheltering in certain locations in exposed weather on a
Pembrokeshire coastal heathland. However, in contrast, shelter was not an important

factor in habitat choice by Camargue horses (Duncan, 1983), although protection from
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flies and windy conditions was observed to have a minor affect on non-feeding

activities.

Water and supplementary feed
Availability of water is assumed to have an affect on habitat choice (e.g. Tyler, 1972).

This will only occur on lowland heathland where water availability is limited in the
preferred grazing habitat. Water is generally readily available near most of the highly
grazed areas of the New Forest, and habitat selection is attributed to forage rather than
water availability (Ekins, 1989). Supplementary feeding also influences habitat
selection. Cattle behaviour in the New Forest in winter was considered to be strongly
influenced by the provision of supplementary feed (Putman ez al., 1986). Work in the

uplands has shown that sheep congregate at feeding sites up to five hours before and

after daily feeding (Hudson, 1986).

2.1.4 AIMS AND STUDY METHODS

Although there are significant amounts of data concerning livestock behaviour on
lowland heathland in the New Forest, it is not clear to what extent these are transferable
to other sites. The New Forest is unique in lowland England in remaining largely intact
as an extensive uninterrupted tract of heathland and associated habitats - some 15 031
ha of heathland rough grazing plus 4545 ha of pasture woodland and carr (Westerhoff,
1992). There is also a continuity of land use in the New Forest not paralleled in other
heathland areas. The traditional pastoral system revolving around the depasturing of
stock, largely undertaken by those with commoners’ rights, survives remarkably intact
in the New Forest (Tubbs, 1986), and remains one of the best examples of such a
grazing system in north-west Europe (Wallis de Vries et al., 1998). In contrast, the
'Dorset heaths are fragmented (Chapman, Clarke & Webb, 1989), and the traditional
pastoral economy disintegrated during the twentieth century (Cunningham, 1974, see
Chapter 1). The lack of continuity in land-use means that on sites where grazing has
been recently reintroduced vegetation communities may still be adapting to grazing

pressure. The Dorset heaths are more typical of lowland heaths in Britain, especially

England.
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This chapter explores the behaviour of livestock reintroduced to four heathland sites in
Dorset that had not been grazed for several decades. The specific hypotheses

considered for six livestock groups were that:

(i) Use of heathland sites was non-random;

(i) Habitat use varied seasonally;

(iii)  The proportion of time spent on different behaviours (e.g. foraging, resting
etc.) varied between habitats;

(iv)  Habitat use for particular behaviours varied seasonally;

v) Plant species were differentially selected in key heathland habitats.

The considerable differences between sites and livestock groups prohibited their use as
replicates to provide a general model of the probability of particular habitats being
selected, or being used for different behaviours, etc. The aim was therefore to use
detailed information on livestock behaviour and habitat selection from a number of
livestock groups to build a general picture of livestock grazing. The work was designed
to provide information immediately relevant to heathland site managers. So, for
example, habitat type, rather than the availability of forage, was considered in relation
to non-random use of sites, as this has more immediate relevance to conservation
management. Similarly, behaviours were grouped for analysis according to potential
impact on vegetation, i.e. the time spent resting (leading to localised vegetation
damage), foraging (leading to selective biomass reduction) and moving (leading to
trampling of vegetation and poaching). Most studies of habitat selection tend to pool
data between individuals and sampling times. However, variation among individuals
(e.g Bowers, 1995), times of day (e.g. Beyer & Haufler, 1994), years (e.g. Schooley,
1994) and seasons may lead to incorrect results from combining data. Therefore, such
differences have been taken into account wherever possible here to provide a realistic

view of habitat selection and behaviour in the livestock groups studied.

Statistical analysis

Many statistical methods have been used to analyse resource selection (e.g. Friedman,
1937; Neu 1974; Quade, 1979; Johnson, 1980; Heisey, 1985; Aebischer et al., 1993).
Unfortunately, these methods do not necessarily provide a consensus, due to the
differences in how they address variability in habitat use (Alldredge & Ratti, 1986,
1992; Manley et al., 1991; McClean, et al., 1998). The constraints imposed by data on
habitat selectivity relevant to this study are: (i) the possibility of sequentially collected
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observations being serially correlated, (ii) the undesirability of pooling data between
unidentified individuals if animals show significant individual variation, and (iii) the

unit - sum constraint of compositional (proportional) data (Aebischer e al., 1993).

The first two constraints inflate the apparent degrees of freedom and increase the
possibility of rejecting the null hypothesis inappropriately (i.e Type 1 error, Sokal &
Rohlf, 1981). Therefore, it is considered preferable to use individual animals as sample
units, rather than observations (Alldredge & Ratti, 1986; Aebischer, et al., 1993).
However, in herding animals, correlation between individuals at any one time is, by
definition, likely. In these cases, provided that animals are congregating due to
biological dependence rather than because of the presence of a resource (Millspaugh et
al, 1998), the herd may be considered as the sample unit (e.g. Neu et al, 1974;
Gionfriddo & Krausman, 1986; Schaeffer & Messier, 1995). However, it has been
shown that in some cases methods that treat individuals (or herds as in this case) as
sample units may be less able to detect habitat selection (McClean et al., 1998).
Attempts to increase independence between samples will in some cases decrease

information unnecessarily (i.e. Type II error Sokal & Rohlf, 1981) (e.g. Solla, 1999).

The third problem, the unit—sum constraint, can result in a habitat apparently being
avoided simply because of positive selection for another, i.e habitats are not
independent of one another. Aebischer ef al. (1993) advocate using a log-ratio
transformation of proportional used and available values to overcome this constraint,
and this method (compositional analysis) is used increasingly (e.g. Dondzar, Negro &
Hiraldo, 1993; MacDonald & Courteney, 1996; Linnell, e al., 1999; Mysterud et al,
1999; Todd er al, 2000). Nonetheless, there is apparently currently no consensus on the
unit-sum constraint in the statistical community and there is some controversy over the
effectiveness of the transformation (McClean er al., 1998). Compositional analysis

performed poorly in McClean er al.’s (1998) evaluation of six techniques for assessing

resource selection.

Similar problems apply to the analysis of behavioural data, although the technique of
using log-ratio transformed data from individuals has been less widely applied (but see
Wilkinson, 1986; Gauthier & Bedard, 1991; Putman et al, 1993; Elston et al, 1996). In
addition, there is ongoing debate about the appropriateness of using individuals within

a herd as sample units due to the unknown extent of social facilitation between
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members of a group (Phillips, 1998; Weary & Fraser, 1998; Rook, 1999; Iason &
Elston, 2000; Phillips, 2002).

In some cases, the constraints are not biologically significant in the context of
describing livestock grazing on heathland sites in relation to vegetation management
needs. So, for example, it is not necessarily important if scrub is apparently avoided
because acid grassland is positively selected, if the aim is simply to describe what
occurred at that site. Given the plethora of analysis techniques available, those used
were chosen to (i) best suit the idiosyncrasies of the data collected, and (ii) provide the
most straightforward results that are relevant to the context of the aims. In some cases,

a comparison was made between two techniques where they offered different

advantages.

2.2 Sites and livestock
2.2.1 ARNE RSPB RESERVE
Arne RSPB Reserve is located on the Arme Peninsula in Purbeck, east Dorset (Grid

Ref. SY 966880) (Figure 2.1). The grazing unit forms only part of the site, and covers
130 ha. It is characterized by two dry heath plateaux totalling 58ha. These largely
support the National Vegetation Community (NVC) H2 Calluna vulgaris — Ulex minor
(Rodwell, 1991), dominated by heather Calluna vulgaris, with bell heather Erica
cinerea, bristle bent Agrostis curtisii, dwarf gorse Ulex minor and scattered patches of
common gorse Ulex europaeus. In places, bracken Pteridium aquilinum dominates,
and there are scattered stands of Scots’ pine Pinus sylvestris and maritime pine Pinus
pinaster and silver and downy birch Betula pendula and B. pubescens. Seven hectares
in the north of the site have been restored to heathland from pine wood, and are
characterised by very young Calluna and bryophytes (mainly Campylopus introflexus
and Bryum spp.) and, in disturbed patches, sheeps’ sorrel Rumex acetosella, heath
groundsel Senecio viscosus, foxgloves Digitalis purpurea and nettles Urtica dioica.
The two main areas of dry heath are bisected by a valley supporting wet woodland
characterised by Betula spp. and grey willow Salix cinerea and a small areas of wet
heath and valley mire. Two other areas of lower ground (including Coombe Bog, see
Chapter 3) support larger areas of M 16 Erica tetralix — Sphagnum compactum wet
heath and M21 Narthecium ossifragum — Sphagnum papillosum valley mire (eight
hectares in total), characterised by cross-leaved heath Erica tetralix, Dorset heath Erica
ciliaris and Molinia caerulea. Sphagnum carpets consist largely of by Sphagnum
pulchrum, §. subnitens, S. papillosum, with S. cuspidatum in wetter pool, and S.
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Stoborough Heath
Hartland Moor

Godlingston Heath

Figure 2.1 Location of study sites in Purbeck, south east Dorset, England.

compactum and S. tenellum on drier areas. The grazing unit is fringed to the south by
saltings and reed swamp, and two small species-rich acid grassland fields are located
on the northern boundary. Water sources for the livestock comprised four ponds

located in wet heath, the valley mire pools, and a drinking trough in the acid grassland.

Plate 2.1 Hereford cross cattle herd on restored heath at Arne, Purbeck, Dorset

The livestock at Arne in 1998 comprised 13-14 mixed Hereford cows and a North
Devon bull. The herd was new to the site, and had previously only been grazed on

improved grassland. The herd was supplied by an independent grazier who sold it for
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slaughter over the following winter. In 1999, 12 mixed Hereford cross cattle, joined in
August by an Aberdeen Angus bull, were brought to the site. Four of the same cows
and the bull returned the following year, together with two other cows and six calves.
These cattle were from the New Forest, Hampshire, and were therefore accustomed to
grazing extensively on heathland vegetation. The cattle were out-wintered in the

Forest. The grazing season was late May to November, (September in 1998).

2.2.2 HARTLAND MOOR NNR

Separated from Arne by a small area of ungrazed heathland and a forestry block, the
Hartland Moor grazing unit (380ha) is located south east of Arne (Grid Ref. SY
948855) and includes Middlebere heath and Slepe Heath. It is a relatively complex
site, comprising a central Y’ shaped valley mire system surrounded by wet and dry
heath. The two arms of the mire system show distinct vegetational differences, one
acidic and characterised by Sphagnum species, and including rare species such as bog
orchid Hammarbya paludosa (see Chapter 4) and bog sedge Carex limosa (M21
Narthecium ossifragum — Sphagnum papillosum mire community), the other relatively
base rich and dominated by tussocky black bog-rush Schoenus nigricans and Molinia
caerulea (M25 Molinia caerulea — Potentilla erecta mire). This area is separated by
small roads to the east and west from areas of grassland reverting to heath vegetation,
supporting a mosaic of relatively species rich acid grassland (U1 Agrostis capillaris —
Rumex acetosella — Festuca ovina) and Calluna. Smaller mire systems are present
adjacent to these, and there are further areas of dry and wet heath to the south,
accessible to livestock from the road. Two main areas of acid grassland are included
within the grazing unit, east and west of the central heath. The site also includes wet
valley woods similar to those at Arne, reed swamp, and scattered deciduous copses.
Water sources are four ponds in the wet heath, valley mire pools, and a drinking trough

" in the eastern area of reverting heath. Road puddles also provide drinking water in wet

weather,

During the period of the study, Hartland Moor was grazed by a herd of 56 cattle, which
included North Devon Reds and mixed Herefords crosses. The herd has been grazing
the site since 1994, and had increased from 28 during this time. In 2000, it comprised
mainly cows with yearling heifers and bullocks plus an impressive if elderly longhorn
bull. A herd of seven Exmoor ponies has also grazed the site since 1994, and includes
both mares and geldings. A group of 16 New Forest mares and geldings has grazed the

site for a similar period. The cattle are wintered on an adjacent field complex between
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Plate 2.2 Exmoor ponies on wet heath at Hartland Moor, Purbeck, Dorset.

late October and late May. Both pony herds were theoretically out-wintered on the site,
although in December 2000 they found their way onto the adjacent fields with the
cattle, and unfortunately the Exmoor ponies were not successfully lured back into the
Hartland Moor grazing unit until the end of March. No supplementary feeding was

carried out.

.
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Plate 2.3 Longhorn bull with Red Devon and Hereford cross heifers, Hartland Moor
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2.2.3 GODLINGSTON HEATH

South east of Hartland Moor and separated by 4.5km of forestry, Godlingston Heath
(Grid Ref. SZ 030845) is another large heathland system (390ha). The distribution of
habitats is not as complex as Hartland, although the site has greater topographical
relief. It is characterised by four main M21 valley mires characterised by Sphagnum
species, bog asphodel Narthecium ossifragum, marsh gentian Gentiana pneumonanthe,
and common cotton-grass Eriophorum angustifolium. These are fringed by M16 wet
heath supporting Erica species and Molinia caerulea, grading in turn to Calluna-
dominated H2 dry heath on well-drained slopes. There are two areas of acid grassland
fields separated by the bulk of the heath vegetation. There is only occasional scattered
scrub, and tree-cover is limited to the boundaries. Drinking troughs are provided in
both areas of acid grassland.

The site was grazed by up to 28 Exmoor ponies (year round) plus mixed cattle in the

summer months (the cattle were not included in this study). Supplementary feeding was

not carried out.

2.2.4 STOBOROUGH HEATH RSPB RESERVE

The Stoborough grazing unit covers a much smaller area, comprising 73 ha. Much of
the site is seasonally damp and dominated by Molina caerulea humid heath (H3 Ulex
minor — Agrostis curtisii). There is a small valley mire and ponds of varying size are
scattered throughout the site. The grazing unit slopes up to the south, where there is the
most substantial area (2.5 ha) of H2 dry heath. There are extensive areas of dense
scrub (9.7 ha), including three blocks of cleared Ulex europaeus, plus a central belt of
wet woodland. Grassland is much more limited than at the other sites (under 0.5ha),
with three small patches dispersed at the peripheries of the site. There are four small

ponds accessible to livestock, and a stream running through the wet woodland, but no

drinking trough.

Stoborough heath was grazed mainly by New Forest ponies, with occasional cobs. The
herd composition and size varied, and ponies were introduced or removed from the site
on several occasions during the study. Several foals were also born on site. The ponies
were present year round, and received supplementary feed in the form of hay during the
winter months. Supplementary feeding was carried out on a patch of acid grassland

adjacent to the wet woodland and an area of dry heath and scrub.
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Plate 2.4 ew Forest mare and foal on Stoborough Heath, Purbeck, Dorset

2.3 Methods
2.3.1 DATA COLLECTION

Habitat survey
A GIS was constructed (Mapinfo, 1997) for data manipulation and spatial analysis.

Site boundaries and livestock locations were superimposed over 1:10, 000 ordnance
survey maps and aerial photographs. For each site, habitat polygons were digitised
according to vegetation cover using a combination of aerial photographs and existing
phase one habitat maps where available from English Nature. The resulting habitat
maps were then refined in the field. Habitat patches under 10m x 10m were excluded.

All habitat areas and length measurements were extracted from the GIS.

Dry heath types were defined according to Watt (1947) as building (including pioneer),
mature or degenerate, and included scattered scrub. Building heath included areas that
had been managed by burning or cutting within the last four years (and included the
restored area at Arne). Restoration heath was used to describe areas of acid grassland
reverting to heather heath characterised by a mosaic of grassland and Calluna vulgaris
(present only on Hartland Moor). Small areas of slightly more mesotrophic or wetter
grassland were included with the acid grassland category. ‘Saltings margins’ describes
a distinct strip of mixed acid grassland and scrub that fringed the saltings (salt marsh) at
Arne. A small area of reed swamp was grouped with the adjacent saltings at Arne.
Areas of the Arne saltings unreachable by the livestock due to the width of creeks were
excluded. “Tracks’ included mown firebreaks that were also used by vehicles. ‘Roads’

included the grassy margins and occasional scrub patches between the surfaced road

2. Livestock Behaviour 47



adjacent heath vegetation. ‘Wood’ included small copses with heathland understories
that occurred scattered on open heathland. Areas of recently cleared scrub and
woodland were included as a separate category ‘managed scrub/wood’ where these

occurred at Stoborough. Wet heath and valley mire are described in Chapter 1.

Table 2.2 Habitat types used in analysis of habitat selection by cattle and ponies on heathland sites in

Purbeck, Dorset.

Habitat Abbreviation Habitat Abbreviation
Acid grassland AG Roads R
Restoration heath AG/DH Saltings S

Building dry heath bDH Scrub SC
Degenerate dry heath dDH Saltings margins SM
Combined dry heath types  DH Tracks T

Wet heath + valley mire M Valley mire VM

Mature dry heath mDH Wood A

Managed scrub/wood mSC/W Wet heath (including humid heath). WH

Daily location data

To test for non-random use of habitat by livestock throughout the grazing season, daily
herd locations (during day light hours) were mapped and superimposed over habitat
maps (see Table 2.3). Similar habitat types were in some cases combined where
expected values were otherwise very low. Wet heath and valley mire were combined
as mire (M) at Arne. All mature and degenerate dry heath were combined as dry heath
(DH) on Hartland Moor and Stoborough Heath, and all dry heath types as DH on
Godlingston Heath.

Table 2.3. Heathland sites for which daily location records of livestock herds were obtained in Purbeck,

Dorset.

Site Livestock Season Year Data obtained by

Arne RSPB Reserve Cattle June- November 1998-2000  Self, RSPB

Hartland Moor NNR Cattle (May) June-October 1994-1996  English Nature
(November)

Godlingston Heath NNR  Exmoor ponies  June-December 2000 The National Trust

At Arne and Godlingston, the livestock remained in a single herd, and therefore a
single location was mapped at every observation time. At Hartland, the cattle formed
between one and five herds, which were in theory all recorded. However, the total
number of livestock recorded at each observation suggests that not all of the subsidiary

groups were found on each occasion (it can take several hours to search the whole site
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thoroughly). Observations were approximately daily (weekly during one period at
Hartland) and time of day varied. Observations were generally made by staff and
volunteers or graziers. Due to time constraints, some observations were clearly
opportunistic — i.e. locations were noted whenever the herd was encountered, and are
likely to have resulted in a bias toward locations records closest to roads and work

centres, and away from more distant areas and habitats where visibility is reduced (e.g.

woodland).

Herd follows

To obtain more detailed information on relative habitat use and behaviour within each
habitat, herd follows were carried out throughout the grazing season (see Table 2.4).

Follows were tried out at two other sites, but were discontinued — at one because the

herd of young heifers did not become habituated to the presence of an observer despite
repeated visits, at the second (Godlingston Heath), because the Exmoor ponies left the
acid grassland fields so rarely that insufficient data on their use of heath habitats could
be collected using this method. Attempts to track individual animals fitted with radio-

transmitters proved unsuccessful due to difficulties reliably fitting animals with the

transmitters.

Table 2.4 Livestock types and sites used for livestock follows to establish habitat selection and

behaviour on heathland sites in Purbeck, Dorset.

Livestock type Site Year No.of  Period
follows
Mixed cattle, mostly Hereford X Arne RSPB Reserve 1999 6 June-November
2000 6 June-November
North Devon and Hereford X cattle  Hartland Moor NNR 2000 5 June-October
- New Forest ponies Hartland Moor NNR 2000-01 11 June - November,
January - May
Exmoor ponies Hartland Moor NNR 2000-01 & June - November,
April - May
New Forest and mixed ponies Stoborough Heath (RSPB) 2000-01 o July - June

Follows were carried out once a month for each livestock group during the time the
livestock were present on the site, except for the Stoborough ponies, which were
followed once every two months. Over 24 hour periods the location of the herd was

mapped and the habitat type and number of livestock carrying out each behaviour was
noted.
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Behaviour categories were: grazing, browsing, moving, standing, lying, standing
ruminating and lying ruminating (cattle only), drinking, grooming, interacting with
another animal, scratching, urinating, defecating plus an ‘other’ category including
rolling, geophagy, and interacting with people. Suckling young was included at Arne
in 2000 when calves were present. Note that grazing included eating ericaceous
species as well as graminoids and herbs, while browsing including eating all other
woody species. This differentiation was made due to the interest of conservationists in
the role of livestock in the invasion of heathland and other semi-natural vegetation

communities by non-ericaceous woody species (e.g. UK Steering Group, 1995).

For cattle, observation periods were from ¢13:00 hrs following a habituation period of
about 30 minutes, longer if necessary, and continued until the herd settled for the night,
usually about an hour after dusk. Observation continued from dawn the following day
until 13:00 . Pony observations were for similar periods, although the ponies did not
always remain in one place overnight, and on occasion had to be re-located the
following morning. One or more 24-hour observations were also carried out for each
livestock group. Note that all follows are referred to as 24-hour follows in the text,
although observations were not necessarily carried out for the entire period.
Observations were made from a variable distance using binoculars when necessary
(magnification 8x, field of view 6.3°), and a night vision scope after darkness
(magnification 3.6x, field of view 14°, infra-red illuminator range ¢30m). None of the
livestock groups became habituated to strong torchlight. Care was taken at all times
not to disturb the livestock. Trial observations were carried out in 1998 to establish
appropriate techniques for observing livestock without disturbing them, including how
close they would tolerate the observer, reactions to observer movement, etc. Once
habituated, both cattle and ponies appeared to ignore the presence of an observer,

provided care was taken.

Focal animals

During each follow, the behaviour and location of two randomly chosen and
identifiable individuals was noted every five minutes to test for individual variation
within the herd. Individuals were identifiable by numbered ear tags and a numbered
list drawn up. Individuals were then selected at random from the list before each 24-
hour follow. In addition, the number of steps and bites taken during one minute were
recorded for one individual to establish a foraging rate, and the plant species eaten was
noted (except on acid grassland and saltings, where species were highly intermingled).
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Individual behaviour was only recorded during daylight hours, as the night vision
equipment was not adequate for detailed observation. In 1999, the pair was changed
between morning and evening sessions to increase replication, but for subsequent

livestock groups, the same pair was followed throughout the entire session to maximise

foraging data.

For habitats of key interest (e.g. dry heath, wet heath, valley mire, tracks, managed
scrub/woodland, and scrub), availability of the main species present was estimated as
percentage cover and compared to the number of observations of livestock eating each
species. This is clearly only a two-dimensional estimate, and does not take into account
the actual surface area or volume of available vegetation (for example, a greater
biomass of Ulex europaeus occurs than grasses in the same sized area). However, this
technique was considered adequate to establish basic selection patterns. Species cover
was estimated from 20 randomly located 2m x 2m quadrats within each habitat type.
Species were grouped if they occurred at less than 5% cover or less than 5% frequency
(i.e. only occurred in one quadrat). Twenty quadrats was considered sufficient to
estimate the cover of grouped species as the vegetation was relatively homogenous
within patches. Only habitat patches where grazing was observed were surveyed, not

the entire available habitat.

Dispersal of plant species in dung

To complement the data on dunging from 24-hour follows, a survey of plant species
dispersed by dung was undertaken. The survey was made of the previous year’s dung
on Hartland Moor in May 2000 by walking five 100m transects in each of acid
grassland, dry heath, wet heath and valley mire, and recording the plant species found

germinating from dung within five metres either side of the transect.

2.3.2 ANALYSIS
Habitat use

Daily location records

Observed vs. expected habitat use each year or month was tested using a chi-square
goodness-of-fit test (MINITAB, 1998) on daily location records (e.g. Neu ef al., 1974).
Where differences were not significant between years, data were pooled across years to
increase sample size. Where data sets were sparse and contained small values, a chi-
square test using StatXact (Cytel, 1999) was used, which calculates an exact P value

and is a more reliable method than traditional asymptotic calculation of P values in this
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case. Where data sets were large, but still contained small expected values, calculation
of exact P values was too difficult within the current limitations of the software. In
these cases P was calculated using Monte Carlo sampling with 100,000 permutations
(option available within StatXact). Observed use was compared directly across months

(as the habitat proportions did not change) using an R x C test for independence.

Jacobs’ ‘D’ indices (Jacobs, 1974) were used to quantify selection for habitats on each
site from the proportions of used (u;) and available (a;) habitat (e.g. MacDonald &

Courtney, 1996; Walls & Kenward, 2001):
Di= (ui—a)/(u; + a;— 2.u.a;)

This index was chosen because it is standardised (indices sum to 1) and allows
straightforward comparisons between months and years. Values of +1 indicate a strong

positive selection for the habitat and -1 indicates a strong negative selection.

At Hartland, the location records were weighted according to how many groups the
total herd had split into at each observation. Missing herd records were ignored, since
the analysis gave sensible results, but were kept in mind during interpretation of the
results. In addition, location records on the road were removed if there were no other
records for two days before or after. These were considered to be opportunistic
observations by observers travelling on the road during one of the periods the herd

were not searched for, and biased selection strongly toward roads (the smallest habitat

category).

Monthly livestock follows

The departure of total habitat use from random was tested by a chi-square goodness-of-
fit test (Neu et al, 1974). Jacobs’ indices were used to quantify the selectivity. It is
noted that the chi-square test treats sequential observations as independent samples, and
therefore in this case artificially inflates the available degrees of freedom. However, as
the results were very clear, this is not considered to have led to misinterpretation. The
significance of the selection indices for each habitat over the season were tested using
each 24 hour observation period as a sample. The departure of Jacob’s scores from a
median of zero (which indicates that a habitat is used in direct proportion to its
availability) was tested for each habitat using a Wilcoxon signed rank test (e.g. Walls &
Kenwood, 2001).
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This analysis does not take into account the unit-sum constraint. To test whether this
analysis technique provides qualitatively different results, habitat selection ranking was
determined by compositional analysis, using Resource Selection for Windows (Leban,
1999) which constructs t-test confidence intervals around the log-transformed
differences between used and available habitat data. This ranking was compared to a
ranking constructed by testing pairwise differences between Jacobs’ indices for each
habitat using a Mann-Whitney test. The results o.f both techniques were qualitatively
very similar for each livestock group, and therefore Jacobs’ indices were used

throughout for consistency with the daily location analysis.

To explore whether the sample differences showed seasonal trends, seasonal
differences in proportional habitat use were tested for each habitat by ANOVA on
arcsine square-root transformed proportional use data (necessary as the herd size
changed between samples on some sites). In most cases, a division between summer
(including any of May — September) and winter (including any of November — April)

was made. Any variation in these seasonal categories is stated with the results.

The quality of the information was maximised by using observations of all
(unidentified) animals to provide data on the proportion of the herd using each habitat,
since individual differences in both habitat selection and behaviour were observed (see
results). As each monthly observation was used as a sample unit, replication was over
time, rather than between herds, meaning the results are clearly only relevant to the
herd used in each study (Phillips, 2002). When herd size varied between habitats,

analysis was also carried out by allocating a single habitat to the herd (i.e. the habitat

that the majority of the herd occupied).

Behaviour

Behaviours were grouped for analysis (Table 2.5). Grazing and browsing were
combined as foraging (F) where appropriate. Differences in time spent on each
behaviour (measured as the number of observation of each behaviour in each habitat for
each 24-hour observation period) were tested by General Linear Model (GLM) on
arcsine square-root transformed data. Although this did not take into account the unit
sum constraint, a log-ratio method analogous to the compositional analysis of habitat
selection (e.g. Putman et al, 1993) was not used, as it uses n+1 behaviours to compare n
behaviours, and in this case, a comparison was required between all behaviours
recorded. Therefore the first method was used and the unit sum constraint taken into
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account in interpretation. The distance travelled during each 24-hour follow was

extracted from the GIS, and seasonal differences tested (one-way ANOVA).

Table 2.5 Categories used in analysis of livestock behaviour.

Behaviour Abbreviation Notes

Resting R Including lying, standing, ruminating
Moving M

Grazing G Including animals moving with their head

down while grazing

Browsing Br

Drinking Dr

Other O Including interacting with other animals,
scratching, rolling, geophagy, urinating,
defaecating.

Calves C Suckling/grooming calves

Out of site oS Use when an animal was away from the

main herd and not visible

Overnight resting behaviour

Twenty-four hour observations plus information from the trial observations the
preceding year showed that cattle stayed in one location after darkness until dawn,
which was verified for 15 of the 16 follows. Overnight observations showed the herd
rested for this period, although individuals occasionally grazed for a few minutes after
suckling young in 2000 (see Figure 2.2 and Appendix I, Figure 1). Therefore, it was

assumed that cattle remained resting in the same habitat during unobserved hours

overnight.

In contrast, 24-hour observations of ponies showed that they tended to continue
foraging throughout the night. Although they usually remained in the same habitat,
they were occasionally found elsewhere the subsequent morning. Since observations
were for varying periods, and changes in day length may affect behaviour, a
comparison was made between analyses using data from a 12- hour period (7 a.m. to 7
p.m.) and analyses using all available data. The results were very similar, and therefore

all available data were used to maximise the quality of the information.

Foraging
Log-transformed bite and step rate during foraging for identified individuals were

compared between habitats (GLM). For key vegetation types selection of plant species
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was analysed using the methods used for habitat selection, with individuals as
replicates. Use of plant species was measured as the number of bites taken of each plant
species. Variation in habitat selection and behaviour between individuals was

evaluated for each pair observed simultaneously with a chi-square test.

Resting locations

The proximity of resting locations to shelter was compared to that of random points.
Locations where the livestock were known to have remained overnight or for over 2
hours during the day were used. Shorter, more frequent, resting periods were excluded,
as it was less likely that they were independent of one another. 23 locations for

combined livestock types at Arne and at Hartland were used. Shelter included wood,

hedges and scrub patches over 10m’.
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2.3 Results

The results are presented in three sections. Firstly, daily location data are used to
assess daytime habitat selection and seasonal variation at each site. Twenty-four hour
habitat selection and seasonal variation is then described using data from herd follows
for cattle and pony herds respectively. In these sections, behaviour is described,
together with habitat selection for key behaviours, and seasonal trends. Individual
variation within each herd is assessed, and focal animal data used to show foraging

rates in each habitat and selection of plant species.

2.3.1 DAILY LOCATION RECORDS

Daily location records showed a significant departure from random habitat use during
daylight hours on all three sites studied (Table 2.6). Figures 2.2a-c show herd locations
superimposed over habitat maps at Arne, Hartland and Godlingston respectively. At
Arne, habitat use differed between years (Chi square = 51.77, df = 14, P < 0.001) but

at Hartland differences between years were not significant.

Table 2.6 Departure of habitat use from random using daily location records by livestock on three

heathland sites in Purbeck, Dorset. *#* = P < 0.001

Site Chi-square No. observations
Arne 1998 1136.1%%* 143

Arne 1999 211.8%4* 72

Arne 2000 770.69%** 212

Hartland 1995-7 315.0%%* 289
Godlingston, 2000 698.6%4* 199

Figure 2.2 shows habitat selection for cattle at Arne expressed as Jacobs’ indices. Acid
grassland (AG) was selected the most strongly at each site, followed by habitats with a
significant fine grass component (saltings margin (SM), restoration heath (AG/DH),
road (R)). Habitat differences remained significant when acid grassland was removed
from the analysis, showing that differences between the remaining habitats were also
significant. At Arne, cattle also positively selected habitats containing coarse grasses
(saltings (S) in 1998 and 2000, and wet heath (WH), in 1999 and 2000). Dry heath
(DH), scrub (SC), wood (W) and valley mire (VM) were never positively selected

although their relative ranking changed.
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Figure 2.2a Daily cattle locations (yellow dots) and habitat type at Arne RSPB Reserve, 1998-2000
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Figure 2.2b Daily cattle locations (yellow dots) and habitat type at Hartland Moor, 1995-1997
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Figure2. 2¢ Daily pony locations (by red dots) and habitat type at Godlingston Heath, 2000
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