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Abstract

Grants to farmers are increésingly being directed towards
encouraging environmentally sensitive farming practices. This.is
particularly true in areas that are valued for their landscape
and wildlife, such as the chalk grasslanés of the South Dpwns.
If such grants ‘are to maintain. and improve environmental
conditions that are suitable for wildlife, the outcomes need to
be monitored regularly. Ideally the form of monitoring should be
simple and iﬁexpensive.to carry out, to allow farmers to assess
for themselvés their.farﬁs' suitability for wildlife and amend.
their farming p;actices accordingly. " The éurrent research
identified and investigated fhe potential of hares and skylarks,
two easily identified wildlife species which are typical of chalk
grassland habitats, as ihdicétors of the quality of farmland for
wildlife on the South. Downs. Hares and skylarks are familiar
specigs to most farmers and there 1is some concern among
conservationists that thevnumbers of both species are declining.

The research has shown that both species can be counted"
without much difficulty. Hare numbers are highesf on farms where
fox control is practised, and this can over-ride the effects of
other factors. When the effect of predator control is alloyed
for in fhe analysis, hares appear to favour farﬁs where there is
a wide diversity of habitat types. The breeding density of
skylarks is determined by more localised environmental factors on
areas of farﬁs, such as vegetation height and grazing pressure.
Both hares and skylarks can benefit from the introduction .of
rotational set-aside, bﬁt ESA grassland is not favouréd by hares

or skylarks if grazed very short.



The research suggests that monitoring hares and skylarks
could be a valuable aid in assessing the effects of

environmentally sensitive farming policy on downland wildlife.
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Hares and Skylarks as Indicators of Environmentally-sensitive

Farming on the South Downs.
General introduction

The arable ecosystem in Britain has been subjected to many
different farming practices over the centuries. To a great
extent, periodic changes have been initiated by technological
advances, and by social and political pressures on the rural
community. The most recent éhanges result from attempts to
reform the European Union's Common Agricultural Policy (CAP).
European Union (EU) budgeting constraints'have lead to a revision
of the. financial support provided to farmers. The overall
objective has been to cut-back the production of commodities in
surplus and to reduce the cost of intervention payments. Support
is now conditional on agreement by farmers to 'set-aside' land,
that is, take it out of production. Unlike previous financial
support for agriculture, these reforms have been introduced at'a
time when public concerns about the loss of wildlife habitat,
declines in wildlife populations and over exploitation of natural
resources (among many other concerns about the environment) are
beginning to have political implications. There is now an
increasing trend for new support schemes to attempt to satisfy
the interests of both agriculturalists and conservationists.

Although the“set—aside schemes as originally introduced had
potential environmental benefits, they were primarily designed
only to reduce production. Ih response to the increased concern

about the environment, the EU introduced an environmental
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component to its reforms. This was to be implemented as thought
fit .by individual governments. " In the UK it allowed
Environmentally Sensitive Areas (ESAs) to be introduced. Five
first round ESAs where designated during 1987 in areas important
to agriculture and conservation. These included the South Downs,
the Norfolk broads, the_Pennine Dales, the Somerset Levels and
Moors, and West Penwith. . ‘

These are voluntary schemes and farmers are paid to farm in a
way that the policy makers believe will best conserve the
wildlife, historic and landscape interest of each ESA. In the
South Downs ESA farmers are paid particularly to conserve areas
of existing chalk grassland, and to create new areas of chalk
grassland by ceasing arabie production. =

Without regular feedback conservationists cannot judge the
success of grant schemes, nor farmers the effect oﬁ modifying
their management practices. The. broad aim of this research,
therefore, .was 'to investigate a siﬁple and iﬁexpensive key
indicator species method for ménitoring the effectiveness of
enyironmentally sensitive farming practices in the South Downs

ESA ecosystem.
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Chapter 1 Agriculture and conservation on the South Downs

1.1 The South Downs

The South Downs were selected as an Environmentally Sensiti&e
Area (ESA), and for this research, because of their unique
landscape and wildlife. They are a range of chalk hills which
runs parallel to the south coast of England, from near
Petersfield in Hampshire (where they have their highest point at
2§5m) to Eastbourne in Sussex. The northern side of the range
has a steep scarp slope, while the southern side dips gently
towards the sea. This dip slope  is characterised by rolling
downland and dry valleys (coombes). ‘There are relatively ' few
hedgerows or areas of woodland on the South Downs. Although the
range is cut by a number of rivers, free standing water on the
hills is restricted to constructed sheep ponds (dewponds). The
South Downs have been agriculturally important since prehistoric

times.
1.2 History of agriculture
Pre-1945

There is a myth surrounding the extent of grassland that
might once have existed on the South Downs, perhaps based on a
mis-interpretation of work by authors such as Hudson (1923).
There is a popular and incorrect beliéf that the South Downs were

once: exclusively covered in grass. In fact, the South Downs have
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been a. cereal ecosystem (Potts & Vickerman, 1974) for over six
thousand years. Downland wildlife has adapted to this ecosystem
and the downland turf, itself, is a product -0f human fa;ming
activities.

Six thousand years ago, the downs were mostly covered by
deciduous woodland (Tittensor, 1979). By the first century AD
when the Romans invaded Britain, the Neolithic farmers had felled
this native woodland to provide arable and pasture 1land. The
remains (lynchets) of Celtic field systems are common in almost
all parts of the South Downs (Curwen, 1930); -and there was
possibly less woodland at that time than there is at the present
(Tittensor, 1980). Evidence that the downs were also extensively
cultivated in the Middle ages is provided by Domesday records
(King, 1962). Sheep folded on arable crops at night were grazed
on areas of permanent graséland auring part of the day. By the
late Middle Ages these hills were famous for wool production.
Close grazing by sheep and wild rabbits, which were introduced by
the Normans (Léver, 1977), produced a fine grassiand (downland
turf) rich in plants and associated invertebrates on the steeper
slopes, where the soils were thin.

Since the eighteenth century, the balance between arable land .
and grassland has shifted periodically. During.the Napoleonic
War areas of graésland was ploughed up (Sawyer, 1792) to provide
~cereals for a besieged country. In addition, advances in sheep
breeding and husbandry (Walford-ﬁloyd,' 1924) meant that less.
pasture land was required. After the Repeal of the Corn Laws in
1846, arable farming entered a period of depression. Much of the
arable land was 1left to 'tumble-down' to grassland. - Sheep

production continued until 1880, when cheap imports of wool and
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frozen meat from New Zealand ruined the home market. By 1914
sheep numbers had fallen by two thirds (Passmore, 1992). The
.reduction in grazing allowed scrub to develop on some areas of
the downs.

With the outbreak of war in 1914, the grassland was once
again ploughed. This period of boom for farmers was followed by
a slump in the 1920s. During this period, cheap imports flooded
the home market. Cereal prices crashed and arable land was again

left to 'tumble-down' to low grade grassland. The sheep industry

fared little better than the ‘cereal industry. Scrub encroached
on under-grazed grassland. Some areas were even taken out of
agricultural production and planted with trees. It has been

suggested that many of the areas of important wildlife habitat
that currently exist in Britain originated at the time of this
general slump (O'Connor and Shrubb, 1986), although downland turf
is.not‘a habitat type that benefits from lax management.

During the Second World War large areas of the South Downs,
still wunder 'tumbled-down' grass after the depression of the
1920s énd 1930s, were used as a military training area (Passmore,
1992) . This grass was of 1little value to agriculture and
" certainly not species-rich downland turf (Dick Passmore; Bill
Howe, personal communications). Receiving 1little management
during this period, some areas soon reverted to scrub. Areas not
used for training were ploughed to provide wheat.

Even poetic authors such as Hudson (1923), whose work ma&
have contributed to the myth that the downs were once completely
povered in grass, record that some areas of the South Downs have
always been cultivated. For example, ﬁudson writes 'the downs

are nowhere tame, but I seldom care to loiter long in their
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cultivated parts. It seems better to get away, even from the
sight of labouring men and oxen, and of golden corn and laughing
bindweed, to walk on the turf'. In addition, Hudson (1923) also
recorded 'all the untilled downland is not turf' and included
evidence that many areas of this grassland had been cultivated at

some time.
Post-1945

Government grants continued to encourage the ploughing of
grassland that had commenced during the War. Improved crop
varieties and chemical inputs allowed monoculture systems to
replace arable rotations (Ibery, 1992). Even agriculturally
marginal areas of downland could now produce an ecénomically
rewarding yield. Grazing was much reduced on the remaining areas’
of grassland. These were by now restricted to steeper slopes,
where ploughing was impossible. These areas were often so small
that fencing them for stock was not practical and they were
abandoned to scruB and dominant grass species. Even grazing by
wild rabbits was greatly reduced after 1953, when myxomatosis
entered Britain (Thomas, 1963; Corbet and Harris, 1991).

In 1973, Britain joined the European Economic Community
(EEC), subsequently referred to as the European Community (EC)
and more recently as the European Union (EU). Mechanically and
chemically intensive agriculture, especially cereal production,
was further encouraged by the ’'subsidy supported Common
Agricultural Policy (CAP) of the EU. The CAP was extraofdina;ily
successful in terms of increasing agricultural production, but it

eventually resulted in over-production of agricultural produce,
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unmanageable financial demands on the EC's budget and damage to
the natural environment.

The environmental effects of this intensive agricultural
production have been discussed by Carson (1962), Mellanby (1981)/
O'Connor and Shrubb (1986), Green (1989), and Sotherton (1992).
Effects on the South Downs, in particular; have been studied by
Potts and Vickerman (1974). In summary, the high input systems
resulted in a direct loss of wildlife habitat and a decline in
the quality of the remaining wildlife habitats, espécialiy in
.terms of food resources available for wildlife. -Wildlife
habitat, as used here, includes crop types as well as non-
agriculturally productive areaé.

The traditional farming practices, which had previously
created and maintained wildlife habitats, were .abandoned or
superseded by new methods. Hedgerows and woodland were removed
to increase field size, reducing habitat'diversity. Changes. in
timing and intensity of mechanical activities directly killed
wildlife or removed the habitat types in which they lived.
Increased pesticide use had direct and indireét effects within
food chains. New crop varieties, such as oilseed rape, replaced

crops that had been more attractive to wildlife.
1.3 Reforming the Common Agricultural Policy

Pressure for reform of the CAP came from three main sources
(Binns et al., 1993). EirSt, non-EC countries complained that
the EC's protectionist policies were a breach of free trade
philosophy. Secondly, the cost of the CAP had risen from £6

billion in .1982 to an estimated £23 billion in 1992. This
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absorbed about 60% of the total EC budget. Thirdly, there was an
increased awafeness, especially among the public, of the
environmental éonsequences of chemically and mechanically
intensive agriculture.

There were many proposals for refqrming CAP. However, in
practice reform proved to be very difficult. The reason for this
was that the structure of agricultural support was based on
. social and political needs, as well as the need 'to generate
adequate levels of food productién.

After lengthy and acrimonious negotiations in ﬁruséels, a-
series of initial reforms of the CAP was implemented. The
legislation behind these reforms has been reviewed by Potts
(1992) and the legislation relevant to ESAé has been reviewed by
Haigh (1987). Some changes were made in 1984 with the
introduction of milk quétas, But more comprehensive measures were
introduced in 1985, and amended in 1987 , with the first attempts
at reducing arable production (EEC, 1985; EEC, 1987).

The 'Efficiency of Structures Regulation' (EEC, 1985) also
introduced an environmental component into the 1legislation, by
providing national aid for environmentally sensitive éreas
(Article 19). The EC allowed this environmental component to be
impiemented as thought fit by individual governments. In the UK,
the first five Environmentally Sensitive Areas (ESA), including
the South Downs, were designated in 1987. The additional grants
available to farmers in the ESAs were designed to encourége
traditional farming practices. It was intended that this would
safequard areas of the countryside where the landscape, wildlife

or historic interest is of national importance (MAFF, 1994).
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In response: to the over-production of some agricultural
commodities, an EC 'Extensification Regulation' was introduced in
1988 (EEC,.1988). In the UK, this resulted in the introduction
of a voluntary set-aside scheme. In order to receive payment
under the scheme, farmers taking up the scheme were required to
‘withdraw 20% of their arable land from production énd put it into
rotational fallow, permanent fallow or woodland for at least five
years (MAFF, 1990). However, in 1991, the EC Commission reported
that the set-aside scheme had not been effective in reducing
arable production (COM/91/100). Consequently, the set-aside
scheme was reformed (COM/91/258; COM/91/379). _ As é result of
this, in 1992, there was a -reduction> in cereal and livestock
support subsidies in the UK, and the introduction of compulsory
rotational set-aside (15% of the arable productioh area) for
farmers wishing to apply for arable support subsidies (MAFF,
1992a). In 1993, the scheme was further modified to re-include
permanent set-aside agreeménts (MAFF, 1993).

The designation of the South Downs as an ESA has éreated a
new chaptef in the grassland/arable cycle. Part of this cycle is
illustrated by the changing proportion of grasslénd to arable on
Church Farm, Coombes near Lancing from the 1940s to the 1990s,
shown in Fig 1.1. During the Second World War this farm was
mostly used as a military training area. After the war, in
common with many downland farms, a large area was ploughed for
cereal production. After the introduction of the ESA scheme in

1987 much of the farm was returned to grassland.



Figure 1.1

The relative areas of arable and '"gra"s'éland on
- Church Farm, Coombes since 1947.

A. Pre1947/8

B. 1947/8 t0 1986/7 -

23

B Arable | - 1km
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1.4 History of conservation

The previous section has summarised the history of reforms to
the Common Agricultural Policy (CAP). In 1985, CAP reforms
introduced conservation measures as an 1integral part of
agricultural policy for the first time. This represented a
radical development in' policy making. When the CAP was first
established, it did not include any environmental considerations.
Conservation on farmland, at this time, relied upon the, attitude
of individual farmers. While some wundertook considerable
conservation management, wmany others were concerned only with
agricultural production. ' By the'1980s, continuing mechanical and
chemical intensification of agriculture had become a matter for
bitter confrontation between farmers and conservationists (Carr,
1988) .

.However, agricultural practices were not the only threat to
the downland ecosystem. Urban developments spread rapidly along
the coastline of Sussex during the first half of this century,.
threatening to engulf the Downs. It was possibly this threat,
rather than concerns about modern agriculture, that prompted the
first conservation initiatives on the South Downs.

Whitbread (1993) has outlined the history of conservation on
the South Downs. In 1934, West and East Sussex County Councils
promoted the South Downs Preservation Bill. This bill failed to
receive assent in the House of Lords. In 1947; the Hobhouse
Committee recommended the Soutﬁ Downs be given National Park
status. However, after the National Parks and Access to the

Countryside Act was passed in 1949, and the National Parks
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Commission was set up in the 1950s, the South Downs did not
receive National Park status. The Séuth Downs were rejected as
being too intensively cultivated and no longer sufficiently wild.

Although the South Downs did not received blanket
conservation status as a National Park, é number of authorities
have acted to conserve some parts of the area: the National Trust
(since 1891); the Nature ConserVancy Council and its successor
. English Nature (since 1952); -the Sussex Wildlife Trust (since
1961), and East Sussex County Council (since 1971). 1In addition,
the whole area was awarded a degree of blanket conservation
status when it was designatéd as an Area of Outstanding Natural
Beauty (AONB) in 1966. Recently a South Downs Conservation Board
has been set. up by the East and West Suséex County Councils in
éollaboration with other interested organisations ‘(Whitbread,
1993) . The aim is to intégrate interested conservation.bodies
and farmers 1in a new Downland Strategy based upon the
introduction of the ESA scheme. |

Until the reform of the CAP, conservation efforts on the
South Downs were as fragmented. as the areas of wildlife habitat -
they were designed to manage. '~ The introduction of the South
Downs ESA in 1987 has meant that, for the -first time, integrated
conservation management is being undertaken on both agricultural

and non-agricultural wildlife habitats of the downland ecosystem.
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1.5 Environmentally sensitive agriculture
1.5.1 Wildlife habitats

In this thesis, each crop or vegetation class is referred to
as a wildlife habitat type or, more briefly, habitat type. In
its purest sense, translated from Latin, habitat means 'it
inhabits' and applies to the place or range in which a particular
species is found. However contemporary authors often tend to use
the word in an imprecise manner. Sometimes habitat is used to
describe areas that a writer perceives to be suitable for
supporting wildlife in general, ie wildlife habitat. - A second
common use of the noun habitat is synonymous with ‘habitat type’.
Here the range of a species may be described as a number .of
discrete components. For example, hedgerows, pasture andgarable
crops are all ‘'habitat types' that occur -within the range of
brown hares. This is the sense in which the word habitat is
generally used in'this thesis.

Interspersed among arable crops and.improved pasture on the
South Downs are three other main wildlife habitat types:
woodland, scrub in different stéges of ecological succession, and
downland turf (Henderson, 1979; Page, 1982). Most areas of
woodland on the downs are secondary woodland. These are areas of
deciduous woodland that have re-established after clearing, 'or
plantations of coniferous or deciduous species, such as Friston
Forest near Eastbourne. There are few.areaé of primarvaoodland
'which have escaped ever being cleared. The scrub is composed
mainly of deciduous species, especially hawthorn (Crataegus

monogyna) and blackthorn (Prunus spinosa), and in places, gorse
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(Ulex europaeus) . To the western end of the downs, there are
some areas of Jjuniper (Juniperus communis) Scrub. Detailed
citation reports of downland flora present at Sites of Special
Scientific Interest (SSSis) on the South Downs have been prepared
by English Nature (NCC, 1986).

Downland turf is a low fertility plagioclimax that has been
created and is maintained by the grazing: of sheep and wild
rabbits. Well managed downland turf is characterised by a
closely grazed, compact and species rich sward. There are
regional variations in species composition, according to the
locality: and grazing regime. However, sheep's fescue (Festuca
ovina) and upright brome (Bromus erectus) are often predominant
species (NCC, 1986). Downland turf is highly wvalued by
conservationists, and conservation efforts on the South Dowﬁs are
centred on fhis habitat type. 1Its high conservation value stems
from (1) its international rarity as a habitat type, (2) the wide
diversity of plants and associated ihvertebrates it supports
(NCC, 1986), and (3), the fact that many of the species
associated with it are on the edge of their range in Europe and
unique to this habitat type in Britain.

A Nature Conservancy Council (NCC) survey estimated that less
than 6% of the chalk downs in East Sussex were under unimproved
downland turf by 1978 (Hendersen, 1979), and showed that most of
this was confined to unploughable slopes. The 1loss of this
downland habitat, in common with other habitat types in Britain,
has been the combined result of difect habitat displacement and
the abandonment of traditional agricultural practices. Downland
turf has been (1) ploughed for arable production, (2) replaced by

improved grassland (essentially rye-grass species supported by
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high fertiliser inputs), and (3) replaced by scrub that
encroaches as grazing is reduced or abandoned. In this century
as in previous times, during periods of boom the downland turf
has been ploughed up, and during periods of depression it has

been neglected.
1.5.2 The South Downs Environmentally Sensitive Area (ESA)

This voluntary scheme was.designed to encourage farmers to
re-adopt some of the more traditional farming practices that
originally helped create the downland landscape (MAFF, 1994). 1In
particular the scheme was directed at conserving downland turf.
Farmers are paid to maintain existing downland turf (Tier. 1
agréements), or to convert areas of arable land back into

permanent grassland, generally rye-grass (Lolium perenne) and

white clover (Trifolium repens), or chalk grassland, using" a
seeds mix -of chalk grassland species. These last two types of
agreement are referred to as Tier 3 agreements. Tier 2

agreements apply only to the river valleys that cut through the
downs and these areas were not studied in the current research.
ESA agreements are designed to last for a minimum of five years.
The detailed management prescriptions for 1land under these
agreements are given in MAFF (1994). In outline the scheme (1)
imposes severe restrictions on the use of pesticides and
fertilisers, (2).prevents cultivation, (3) prevents 'topping' or
mowing before July 16, and (45 limits stocking rates.

In addition to payments for Tier 1 and basic Tier 3 payments,
farmers can receive additional payments for using traditional

grass seed mixtures on Tier 3 agreements rather than rye-grass
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and clover seed mixtures, and for maintaining conservation
headlands around arable crops. The use of pesticides on these

uncultivated headlands is ‘severely restricted.
Potential effects of the ESA on wildlife

The potential benefits of the introduction of the South Downs
ESA for wildlife 4include the following. 1. Prevention of
further loss'of existing downland turf habitat. 2. Encouragement
of the re-establishment of downland grass habitats. 3. Decreased
use of pesticides, hence (a) reducing the risk of direct toxic -
effects on wildlife,. and (b) allowing weed and invertebrate
populations to re-establish. These species are essential food

sources for many species in - the downland ecosystem (Sotherton,

1992; Aebischer, 1993). 4. Prevention of hay or silage making
until later in the bfeeding season (after July 16), allowing
ground nesting birds to complete their broods. Mowing before

this date could destroy nests directly or reveal the young to
predators (Poulsen and Sotherton, 1993). 5. Provision of
alternative food sources dufing the summer, when ripening weed-
free cereal crops are of low value for herbivorous species such
'as hares (Tapper and Barnes, 1986).

However, the ESA scheme also has potential diéadvantages to
wildlife. Potts (1992) suggested that wide acceptance of ESA
. agreements would 'remove highly divérse parts of the cereal
ecosystem ' and 'eﬁcourage the sowing of fields which have been
arable for centuries to rye grass which is valueless to
conservation. ' Potts (1992) further suggested that the policy

makers had not properly considefed the ecological requirements of
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wildlife when designing the scheme. . In addition, landowners
entering areas in Tier 3 agreements are encouraged to provide new
opportunities for the public to walk and pursue quiet
recreational activitiés. This could result in increased

disturbance for wildlife.
1.5.3 Rotational set-aside

The downland ecosystem has also been affected by the
compulsory set-aside scheme introduced in autumn 1992 (MAFF,
1992a) . Under this scheme farmers receiving suppofﬁ grants for
arable crops initially had to set aside 15% of their.production
area as uncultivated fallow. This scheme was modified in 1993
(MAFF, 1993) to include permanent set-aside options in addition
to the . compulsory 15% rotational fallow that farmers were
required to take out of production. Details of management
prescriptibns'for rotational set-aside‘are given in MAFF, 1993.
In summary they are as follows. 1. The set-aside land has'to be
out of production between 15 December and 15 July of the
following year, or between 15 January and 15 August of the
following year, 'depend;.ng on the date of ﬁarvest. Unlike the
case with ESAs, not even grazing is allowed.. However, some crops
for non-food industrial use can be grown. 2. During the set-
aside period a sown or naturally regenerated green cover crop has
to be established, but this must be cut shoft.after the 15 July
or destroyed with.a herbicide or by cultivation by 31 August. 3.
Generally, fertilisers and |pesticides <cannot be applied.
However, this was modified in 1993 to allow the. use of non-

residual, non-selective herbicides for weed control after 15
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April. 4. Cultivation or topping for weed control is not allowed

until after 1 May.
Potential effects of rotational set-aside on wildlife

The potential effects of rotational set-aside on wildlife are
similar to those outlined for ESA grassland. However, while the
ESA grassland scheme is 1likely to reduce wildlife habitat
diversity in the arable ecosystem, set-aside is likely to have
the opposite effect. On  the negative side, if most farmers
cultivate or top their set-aside as soon as possible after 1 May,
as seems likely, damage will be caused to ground nesting birds in
the middle of their breeding season, and plant and invertebrate

life-cycles will be disrupted.
1.5.4 Monitoring

Responsibility for monitoring the éffects of the ESA scheme
on the biology, landscape and socio-economic character of the
South Downs fell on MAFF (MAFF, 1991). The biological aspects of
this monitoring were designed to 'measure changes in the extent
of distribution and quality of wildlife habitats' in the downland
ecosystem. In this context, distribution referred only tb the
area of chalk grassland habitats. Quality was measured only in
terms of botanical species richness and diversity.
| The first report of monitoring (MAFF, 1991) included the
following information on the initial effects of the ESA scheme.
This information is included here in detail, because it suggests

further ways in which the ESA scheme may affect wildlife..
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1. 26% (6048 ha) of the area lying within the South Downs
ESA had been placed under:agreed ESA management by 1990. Uptake
was greater in the eastern end of the ESA. In a few cases
farmers plaeed their whole farm in the ESA scheme.

2, There had been a decrease in the area of scrub on ESA
land, compared to surveyed non-ESA land. This will favour steppe
epecies such as hares and ground nesting grassland birds, but
will remove nesting habitat for the woodland bird species which
"have increased in abundance and diversity on the Downs with the
"encroachment of scrub (Shrubb, 1979).

3. There had been an increase in stocking rates on the ESA
grassland. However, this increase many not have been entirely
due te ESA management. Data from the 1992 June Census (MAFF;
1992b) indicated a general increase in the national beef herd and
sheep flock. Increased grazing pressure will reduce cover for
ground nesting birds.

4. It was antici?ated that stocking rates on Tier':3
grassland would fall as the productivity of the newly sown grass
decreased and nutrient sources became depleted This will allow
less dominant downland plant species‘to establish, increasing the
. diversity of plant and associated invertebrates. There is some
reported evidence that botanical species richness and botahical
species .diversity may have increased on agreement land. This
increases the range of food species available at the base of
downlend food chains.

The monitoring scheme appears to be effective in measuring
the ﬁptake and success of the ESA in terms of the conservation of
downland grassland. However, despite periodic changes in the

balance of grassland and arable land since the area was first
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farmed (as discussed in Chapter 1), the South Downs have been an
arable ecosystem since neolithic times, composed of a vériety of
crop and wildlife habitat types. It is not clear tovwhat extent
the replacement of arable land with permanent grassland will
affect the ecology of larger wildlife, especially farmland birds
and mammais. Current MAFF- monitoring does not address this
issue.

In future, if policies such as ESAs and set-aside are
intended to benefit wildlife, it will be important to follow
progress by effective monitoring. Government and conservationists
cannot judge the success of grant schemes, nor farmers the effect
of modifying their management practices without regular feed
back. In“addition, to be of practical use, monitoring techniques
need to be simple and inexpensive. One possibility is to monitor
the impact of phese schemes on certain key indicator species,
that is species . representative of flourishing farmland

ecosystems.
1.6 Summary of research objectives

This research had the following specific objectives:

* .To develop a method for selecting mammal and bird
biological indicator species, that could be used for monitoring
the effects of environmentally sensitive farming practices on the

downland ecosystem.

* To record the distribution and abundance of the chosen

species in relation to farm and farmer characteristics.
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* To assess the potential of the chosen species as
indicators by monitoring any changes in their distribution and
"abundance as ESA agreements and rotational Sset-aside are

introduced.
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Chapter 2 Selecting indicator species

2.1 Introduction

Chapter 1 summarised the Thistory of agriculture and
conservation on the South Downs. It outlined the political and
social processes leading to the introduction of support schemes
to . encourage more envirénmentally' sensitive 'farming practices;'
The potential effects of these 6n downland wildlife, eépeciqlly
mammals and birds, were‘ discussed. The heed: to_ monitoxr the
environmental outcomes of such schemes was highlighted.
Limitations to the existing monitoring.scheﬁes were identified,
and the wuse of biological indicator species as a simple
monitoring technique was'proposéd. In‘this chapter, a method for
selecting mammal and bird indicator species that could be used: in

a monitoring scheme is developed.
2.2 What are biological indicators?

Biological indicators are organisms whose characteristics
.provide an indicatioﬁ; of some aspect of their environment
(Hel;awell, 1986; Landres et al., 1988; Soule, 1988). A rahge
of indicator characteristics in a variety of species, including
presence or absence, population deﬁsity; reproductive success,
accumulation of substances in body tissues and physiological or
behavioural response, have all been used for this purpose.
Groups of:indicator species at community and ecosystem level have

also been used (Hellawell, 1978; 1986{.
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éome invertebrate species can be used as indicators of
chemical pollution, and among these are the earliest examples of
"biological indicators. For ‘example, one of the first
applications of biologicai indicators was in a study of species
composition during the Illinois River Survey (USA) which began in
1877 (Wilhm, 1975). The use of spécific organisms as indicators
of river pollution was first proposed in 1913 (Wilhm, 1975). The
use of pollution indicators has become a more precise science and
extended to marine biology (Soule and Kleppel, 1988), and to
terrestrial pollution monitoring. A well known example of this
last application is the wuse of 1lichens as indicators of
atmospheric sulphur dioxide pollution (Hawksworth and Rose,
1976) . ' |

In addition to their use as measures of specific chemical or
'physical conditions in an environment, organisms may also be used
as an indication of the extent to which an environment is
suitable for other species. Plants, inveftebrates and vertebrates
have been wused as indicators to monitor many different
environmental conditions. Examples are numerous, but the
following.are given to show the range of uses to which biological
indicators <can be put; Butterflies and day-flying moths
(Lepidoptera) have been proposed as indicators of the intensity
of mowing and chemical use in grasslands in central Switzerland
(Erhardt, 1985). The reproductive performance of sea birds. has
been used to provide information on food resources and thereby
indicate the state of a marine ecosystem in the Antarctic
(Croxall et al., 1988). Noss (1990) has discussed ways of using

biological indicators to monitor changes in biodiversity. Jack
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pine (Pinus banksiana) has been suggested as a possible indicator
of global warming (Botkin et al., 1991).

Biological indicators have alsb been used to assess the
perceived scientific or aesthetic conservation value of areas,
especially when their potential as nature reserves is being
considered. Peterken (1974) used selected groups of woodland
plants as a quick method for distinguishing between primary and
secondary woodland. Helliwell (1978) used the rarer plant and
bird species on farmland to assess the conservation value of
areas. Others have used biological indicators to assess and rank
wildlife conservation potential of natural areas (Gehlbach, 1975;

'Goldsmith, 1975; Margules and Usher, 1981).
2.3 Why use bioclogical indicators?

Biological indicators can be used when there is no direct
technique available for measuring an environmental condition
(Morrison, 1986). They can be employed as an index of attributes
too difficult, inconvenient or expensive to measure in other ways
(Morrisoﬁ, 1986; Landres et al., 1988). For example, birds have
been used to assess changes in microclimate or insect abundance
(Morrison, 1986). Biological indicators can also be used to save
time. For example, Peterken's (1974) use of plant indicator
groups in a woodland floral survey meant that a detailed census
of all species present was unnecessary. In addition, biological
indicators allow continuous monitoring of very low 1levels of
contamination (Everett, 1979), such as the accumulation of toxins
through a food chain, which might otherwise go undetected

(Morrison, 1986). Indicators may have advantages over chemical
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monitoring in cases where there is a lack of understanding of
relationships between chemical criteria and the biological impact

of contaminates (British Ecological Society, 1990).
2.4 Ovefcoming problems with the indicator species concept

However, despite-a wide application of the indicator species
concept, .the use of indicators in scientific study is not without
its critics and the~reservations>of these authors were carefully.
considered at the outset of the current research. For example,
it has been suggested that the use of indicators to determine
causé and effect relationships may be misleading (Morrison, 1986;
Soule, 1958). In particulaf, especialiy in the case of water
toxicity tests, that single species response studies are
unreliable, because they ignore the complexity of ecosystems
(Cairns, 1986). -In the case of pollution monitoring, it has been
claimed.that modern techniques for directly wmeasuring pollution
may be more accurate and cost effective (Landres et al., 1988).

Léndres et al., (1988) also suggest that the use of
indicators of an environment's suitability for other species
should be treated with caution. = Their arguments are valid,.
because each species has its own unique ecological niche
(Grinnell, 1924; Gause, 1964) and its requirements and responses
differ to some extent from any other species. Thus, any attempt
to use any one species or even a group of species to perfectly
reflect the effects of environmental conditions on other species .
within an ecosystem would be fatally flawed at the start. This
type of flawed philosophy has been referred to as the 'myth of

the most sensitive species' (Cairns, 1986). In fact, 'the use of
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a few species aS'indicétors in environmental monitoring could'be
. more 'ghan just a distracting myth. It could also result, .if
applied'to conservation'management, to the protection of a few
species at -the expense of others (Landres et al., 1988).

Despite their reservations, ali these authors were in fact
advbcating the use of indicators species and were expressing
theirfconcérns‘in order that biologiéal indicators are used oﬁly
where appropriate -and when .their limitations are understood.-
Caifﬁs (1983) even suggeéted that single species toxicity'tests‘
are and would continug to be  the 'backbone' of research to
determine the effects of foxins on moré complex.ecosystems.

Soule (1988) outliﬁed some 6f the considerations 'that,. if
kept in mind} _allow indicator species to make a valuable
contribution to'sciehtifié study:

1. Thére .is a 'gap' beﬁween indicating a condition and-
éhowing cause and effect, or effect apd remedy. | |

2. - A single indicator is not a substitute for broad spectrum
reéearch or a comprehensive monitoring programme.

3. 1In-depth knowledge of a éingle indicator species does not
automatically convey informatibn about the way other individuals,
or species reaét to ehvironmental conditions’.

4. Knowledge - about one indicator species does  not
automatically convey information about . interactions Dbetween
species‘in communities.r |

In additién, it has been suggested (Léndres et al., i988)
that indicator species, and in particular vertebrate indicatorsh'
should 6nly be used when: |

.1. clearly stated assessment goals héve.been identified,

2. direct measurements are impossible,
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3. the indicators have been chosen by unambiguous and

explicit criteria.
2.5 Why biological indicators were used in the present study

The present research is concerned 'with investigating the
effects of existing and newly introduced farming and. conservation
practices on the mammals and birds of the South Downs. An
indicator species approach based upon population density was
decided upon as the best way of examining these effects. The
first reason for this was that the only way to examine effects of
changes in environmental conditions on a species ié to study the
response of that species. However, there are a large number of
species within the downland ecosystem. Where would one start?
The choice of one or two indicator species whose lifestyle makes
them subject to changes in agricultural practice and whose
response is probably similar to that of other species would be a
good start. In particular, species that use a wide range of
wildlife habitats, and by their position in a food chain indicate
abundant and diverse floral and invertebrate communities within
the downland ecosystem could have potential as indicators for
this application. The second reason for choosing an indicator
species -approach was so that the method could be used by non-
specialist researchers. This would allow farmers and other
downland managers themselves to monitor the effects of modifying
their farming practices. A‘simple monitoring method based on a
number of easily identified indicator species would allow farmers
and conservationists a very immediate form of feedback to which

they could respond by adjusting their management practices if
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necessary. Population density .changes from a base-line
population were proposed, rather than more complex indicator
characteristics such as productivity or mortality responses, to

keep the method simple and widely applicable.
2.6 What criteria should be used to choose indicator species?
2.6.1 Selection criteria in the literature

A numbef'of criteria for selecting many different types of
indicator species for a wide range of research have been
described; for example sée Hawksworth and Rose, 1976 (lichens,
atmospheric ' 'pollution monitoring) ; Hellawell, 1978 (aquatic
organisms, water pollution monitoring) ; VNoss, 1990 (terrestrial
organisms, biodiversity monitoring); Landres et al., 1988
(vertebrate indicator species selection); Croxall .et al., 1988
(marine. vertebrates, marine ecosystem quality wmonitoring);
Kremen, 1992 (Lepidoptera, ecosystem disturbance assessment) .

The most generally used selection criteria, with the emphasis
on those of particular relevance to the aims of this research are
_outlined and discussed here. The discussion is in terms of
vertebrate indicators, regardless 6f.whether the criteria were
originally designed for the selection of vertebrates or not.

| 1. Distribution. Habitat generélists are more usefulj as
general indicators of ecosystem quality for vertebrates, as most
vertebrate species use a range of habitat types (Landres et al.,

1988) .
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2. Abundance. Abundant species should be chosen as
indicators, because this makes sampling easier (Hellawell, 1978;
Landres et al., 1988). »

3. Identification. Indicator species should, be easy to
identify and survey (Hellawell, 1978).

4. Response. To be effective, indicators must be sensitive
to the -environmental contaminates or habitat attributes under
stﬁdy (Landres et al., 1588) and show a range of seﬁsitivity to
differing levels of stress (Hawksworth & Rose, 1976; Hellawell,
1978) .

5. Ecology. The eéology of the.chosen species should be well
undersﬁood, allowing the effects of natural population regulation
- factors to be differentiated from the impact of the factors being
studied (Noss, 1990). '

6. Economic status as pests or game. Pest and farmed species
‘should be avoided (Hellawell, 1978).as anthropogenic factors may
over-ride other conditions under.study. '

7. Residency status. Only non-migratory species should be
selected as indicators. Otherwise, a change in abundance may be
unrelated to the habitat conditions on the. breeding ground

(Landres et al, 1988).
2.6.2 Selection criteria used in the present study

Selection of indicator .species for use 1in the present
research followed three stages.

Sﬁage 1. An initiél screening process’wés carried out to
identify vertebrate downland species with potential as indicators

of the general response of mammal and bird communities to
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changing farming practices. This was based on nine criteria that
were designed for the present study from the review of criteria
described in 2.6.1. The nine new criteria were designed to
identify downland species (1) whose ecology was well understood,
(2) which were not affected by regular population cycles or other
factors unconnected from the impact of the factors being studied,
h(3) which were adapted to agricultural ecosystems, (4) which were
habitat generalists, (5) which were abundant, (6) which were not
farmed or (7) controlled as a pest, (8) which were easy to study,
and (9) which were resident within the study area throughout
their lives.

In order to do this the literature on a wide range of
downland mammal and bird species was examined, especially that
relating to the nine selection criteria just described. From
this literature review, 18 species of downland mammal and five
species of downland birds were initially selected as possible
indicators (Appendix A). '

Stage 2. Using literature reviewed in Corbet & Harris (1991)
for mammals, and Witherby et al. (1938) and Marchant et al.
(1990) for birds, each of the 18 species of mammals and five
species of birds selected in Stagé 1 was awarded a relative score
based on the degree {:o which they fulfilled each of the nine
criteria that were designed for the present research (from 0, for
not at all, to 5, completely). Witherby et al.(1938) was chosén
as an information source in preference to some more recently
published sources. The basic biology of British birds is well

described in this work.
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" Table 2.1 Indicator potential wvalue (IPV) of 18 species of

downland mammal (see text for explanation).

Criterion
2 3 4 5 7 8 IPV
Species
Brown hare 5 5 5.0 3 4 5 27.0
Wood mouse 5 0 5.0 5 4 3 22.0
Hedgehog 5 0 1.5 4 5 -3 18.5
Common shrew ‘ 0 0 5.0 5 5 3 18.0
Badger 5 0 1.5 3 5 3 17.5
Mole 5 0 5.0 4 0 3 | 17.0
Rabbit 3 0 5.0 4 0 5 - 17.0
Pygmy shrew . 0 0 4.5 4 5 3 16.5
House mouse 5 0 3.5 4 0 3 .15.5
Field vole 0 0 2.0 5 5 3 15.0
Harvest mouse 0 0 5.0 2 5 3 15.0
Bank vole ¢ 0 1.5 5 5 3 14.5
' Fox 5 0 1.5 3 0 5 14.5
Dormouse 5 0 0.5 1 5 1 12.5
Squirrel - 5 0 0.5 4 0 3 12.5
Roe deer 5 0 0.5 3 0 3 'lltS'
Weasel . 0 0 1.5 4 0 3 8.5

Stoat 0 0 1.5 3 0 3 7.5
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Table 2.2 Indicator potential value (IPV) of five species of

‘downland bird (see text for explanation)

Criterion

3 4 5 6 8 9 . IPV
Species
Skylark ' 5 3.5 4 5 5 3 25.5
Lapwing . 5 3.5 2 5 5 3 23'.5 :
French partridge 5 3.5 2 0 5 5 20.5
Grey partridge 5 3.5 2 0 5 .5. .20.5

Meadow pipit 0 1.5 3 5 1 5 15.5
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Stage 3.. These scores were then summed to provide an
indicator potential value (IPV) for each of the 18 species of
mammal and five species of bird.

The results of the assessment are shown in Table 2.1 for the
18 mammal species and Table 2.2 for the five bird species. The
following notes, which are based on the literature review of

Stage 2 explain the allocation of scores.

CRITERION 1 (ecology well understood): All 18 species of mammals
and five species of birds have been widely studied. Thus in this
particular case, criterion 1 had no discriminatory value and was

therefore excluded from the calculation of IPV.

CRITERION 2 (fluctuating population): Shrews and voles undergo
marked population fluctuations. In voles, these are most marked
in northern Europe (Scandinavia) were fhere aré clear multi-
annual cycles. Although there is no evidence for nmlti—annuél
cycles in Britain, vole numbers fluctuate dramatically (Corbet &
Harris, 1991). Stoat and weasel populations undergo fluctuations
in response to changes in prey availability (Corbet & Harris,
1991). - Harvest mice may also wundergo cyclic population

fluctuations. All these species were therefore given a score of

zero for this criterion. Rabbits are heavily influenced by
myxomatosis. This species was awarded a score of 3 for this
criterion. A score of 3 rather than 0 was given to rabbits as

the influence of myxomatosis was considered to Dbe less
influential in their ecology than previously.
None of the other mammal species or bird species show strong

evidence of cyclic population fluctuations. These species were.
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awarded 5 for this criterion in Table 2.1. This criterion was
excluded from Table 2.2 as it was not discriminatory and

therefore did not assist in the allocation of IPV.

CRITERION 3 (adapted to agricultural ecosystems): Hares,
skylarks, lapwings -and the two paftridge speéies are well adapted
to living in regularly cultivated farmland. These species were
awarded 5 for this criterion. It is interesting to note at this
point that despite the | adaptation of these species to
agricultural ecosystems, all four species have shown ‘long term
population declines over the last 20-30 years. Although all the
other species make uée of cultivated land to some degree, they
require undisturbed areas of woodlénd, hedgerow .or grassland.
These species scored zero for this criterion. This criterion did
not take into account species that may have adapted to using farm

buildings (eg house mouse) .

CRITERION 4 (habitat generalists): For this criterion, species ’
that use a wider range of habitat types within the downland

ecosystem were considered to have greater. indicator potential

than those with a more restricted range. Habitat. use by the.
mammal species is shown in Table 2.3. Habitat use by the bird
species .is shown in Table 2.4. Information for this criterion

was drawn from Corbet and Harris (1991) and Whitherby et al.
(1938). Areas with numeric values in these tables indicate that
a habitat is generally used by a species, areas marked 'X' that
it is not generally used. The score within the used areas is
-weighted to represent the relative extent of each habitat type on

the South Downs. The relative extent of  each habitat type on the
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‘Table 2.3 Habitat types used by 18 species of downland mammal
(see text for explanation), Key: A, arable land; G, grassland;

S, scrub; W, woodland; H, hedgerow; X, habitat type not used.

Habitat type

A G S w H

Species
Brown hare 2 1.5 1 0.5 0
Wood mouse . 2 1.5 1 0.5 0
Hedgehog X X 1 0.5 0
Common shrew 2 1.5 1 0.5 0
Badger X X 1 0.5 0
Mole 2 1.5 1 0.5 0
Rabbit 2 1.5 1 0.5 0
Pygmy shrew 2 1.5 1 X 0
House mouse 2 ' 1.5 X X 0
" Field vole . X ) 1.5 X -0.5 0
Harvest mouse 2 1.5 1 0.5 0
Bank vole X X 1 0.5 0
Fox X X 1 0.5 0
Dormouse X X X 0.5 0
Squirrei 5 X X 0.5 X'
Roe deer X X X 0.5 X
Weasel .x X 1 0.5 0
Stoat X X 1 0.5’ 0
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Table 2.4 Habitat types used by five species of downland'bird
(see text for explanaﬁion), Key: A, arable land; G, graSsland;

H, hedgerow; X, habitat type not used.

Habitat type

A G H
Species

- Skylark 2 1.5 X
Lapwing 2 1.5 X
French partridge 2» 1.5 0
Grey pértridge 2 1.5 0

Meadow pipit - X 1.5 X
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South Downs was estimated from detailed habitat maps of the Game
Conservancy Trust's Sussex study area (held at Fordingbridge).
Thus hedgerows are the most rare downland habitat type and score
zero, woodland scores 0.5, scrubland scores 1 and grassland
scores 1.5. Arable land is the most common habitat type and
scores 2. The sum of these values is the score for this
criterion, for example, the brown hare scofes 5 on criterion 3 (2
+ 1.5 + 1 + 0.5 + 0). Woodland or scrub were excluded from Table
2.4, as the bird species studied do not regularly use either

habitat type.

CRITERION 5 (abundance): The relative abundance of each species

was based on information in NCC (1989) and backed up by
information in Corbet & Harris (1991) and Marchant et al. (1990).
Abundant species scored 5; very common species 4; common species

3; common, but local, species 2; and uncommon species 1.

CRITERION 6: (not farmed) None of the mammal species is farmed,
so this criterion was excluded from Table 2.1. The partridge
species are farmed as game, so these species scored zero for this

criterion in Table 2.2.

CRITERION 7: (not a pest species) ‘Some of the mammal species
(rabbit, fox, stoat, weasel, house mouse,. roe deer, grey squirrel
and mole) are controlled as pests. As an indication of the very
great effect this type of control would have on indicator
potential, these species scored zero for this criterion. As
brown hares and wood mice occasionally reach pest proportions,

these species scored 4 for this criterion. None of the bird
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species 1is controlled as a pest, so this criterion was excluded

from Table 2.2.

CRITERION 8 (ease 6f study) : The scores for this criterion ére
based on a revieﬁ of survey methods. Direct survey methods
involving counts of animals were considered easiest to perform.
Of the mammals, rabbit, hare and fox populations can be surveyed
in this way.- Of the birds, partridges, lapwings and skylarks can
be similarly surveyed. All these animals - scored 5. Those
species that dre wusually surveyed by indirect methods, for
example small mammals (by capture, mark, recapture methods), deer
(by faecal counts) and badgers (by sett counts) scored 3. Meadow
pipits (Marchant et al., 1990) and dormice (Corbet and Harrisy
1991) cén be difficult to survey and scored zero on this

criterion.

CRITERION 9 (resident in the study area): All the mammal species
were resident in the study area, so this criterion was excluded
from Table 2.1. Lapwings and skylarks, which can be partial
migrants, scored 3 on this criterion. All other species in Table

2.2 scored 5.

Summation of scores gave brown hares (Lepus europaeus) the
highest IPV of the mammals (Table 2.1) and the skylarks (Alauda
arvensis) the highest IPV of the birds (Table 2.2). These

species were therefore the ones selected for further study.



52
Chapter 3 Farm management practices

3.1 Introduction:

In Chapter 2 a theoretical method for selecting potential
vertebrate indicators for use in simple and inexpensive
monitoring of the effects of environmentally sensitive farming
practices in a downland ecosystem was developed and applied. Two
species, brown hares and skylarks, were chosen for more detailed
investigation. The . remaining four chapters describe how a
practical assessment of these species’ indicator potential was
made based on the changes in abundance and distribution of both
speéies which followed. the introduction of ESA grassland and
rotational set-aside. Chapter 3 describes how the study farms
were selected, and the farm'ﬁanagement practices on these farms
investigated. It discusées the changes in farm management policy
and environmental conditions that accompanied the new farming
practices. This information is then used to help interpret the
results of Chapters 4 and 5 which describe an investigation into
the response of the hare and skylark populations to these
changes. Chapter 6 then draws the results of the current and
related research together, and further discusses the indicator

potential of hares and skylarks.
3.2 Methodsu

The practical assessment of the indicator potential of hares

and skylarks was carried out on 17 downland farms (a total area
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. of 53 km?) between Lewes and Worthihg in Sussex (Fig 3.1) over a
three year period. This area was chésen primarily because it
provided farms within realistic travelling distance of the
research base. The study area included farms which represented
the different wildlife habitat types and farming practices that
characterise:- the eastern end of the South Downs. Groups of
adjacent farms were selected in an attempt to establish a clear
indication of the distribution of hares and skylarks.

Initially, 12 farmers situated between Lewes and the A23 were
visited by appointment in autumn 1990 to outline the aims of the
project. 11 out of the 12 farmers agreed to partiéipate in the
project, some showing considerable interest. The one other
farmer also agreed to take part in the project. However, being a
particularly precise arable farmer, he was concerned that the
hare survey would cause damage to his crops. As a result he
imposed restrictions to the survey method and so it was decidéd
that his farm should be excluded from the study.

Where the farmer agreed to allow the survey, some preliminary
information was collected at this stage: (1) The farm boundary
and current cropping patterns. These were recorded on OS mabs.
Further information was added to these maps during field walks
made during the .three years of field investigatiqns. To help
classify the types of grassland within the study area, reference
was made to a reéent survey of chalk grassland on the South Downs
(Henderson, 1979; Page, 1982). (2) Brief, informal and
unstructured interviews were conducted with the farmers to
provide Dbackground information about their farm management
practices. In addition, the methods that would be used to .survey

hares and skylarks (see Chapters 4"and 5) were explained.
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'From the information on cropping patterns and habitat types,
the diversity, that is a measure of the range and relative
proportions, of the crop types and the vegetation classes present
on each farm was estimated using the Shannon-Weiner information
measure (Zar, 1984). This procedure was repeated for each of the
three years of the study from information recorded on the maps
made during the farmer interviews and field walks. The areas of
each vegetation or crop type were estimated using a transparent
grid which was blaced over the maps. The Shannon-Weiner
information measure indicates diversity (H) on a scale of 0, -for
no diversity, to 1, for wide diversity. - An estimate of relative
divefsity (J) can be derived from H, which allows diversity to be
compared between areés or years with different numbers of
vegetation or crop types (Zaf, 1984) . .

Tﬁe initial survey showed the diversity of wildlife habitats
was. very similar on all the chosen farms. As habitat diversity
has an important influence on the ecology of hares and skylarks
(see Chapter 4 on hares and Chapter 5 on skylarks), it was
considered important to include a range of farm habitat
diversities in this research. As a result, a further six farms
(three between the A23 and the River Adur, and thrée farms west
of the Adur) were included in the study, making a total of 17
farms. .Only one farmer approached at this stagé did not agree to
take part. This farmer was concérned that published data would
lead to public interest and interference with the wildlife. This
farm was excluded from further study.

More information was collected by means of formal, structured
interviews with all 17 farmers in the winter of 1993/1994 (the

last year of the study). The basis for the interviews was a
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questionhéire, which included questions on hares and skylarks,
"and questions on farm management practices. A copy of the
questionnaire is provided in Appendix B. The questionnaire
itself was constructed from information collected in the initial
unstructured interviews with the farmers, from questions raised
from the review of the literature relevant to this research and
from preliminary formal interviews conducted with six of the 17
farmers during sbring 1992. The questionnaire included questions
that were designed to collect information on the farming
practices and recent changes in farming practices that would be
most likely to affect the ecology of hares and skylarks, such as
changes' in the diversity of wildlife Thabitats and food .
avéilability. See Chapter 4, . on hares, and Chaptér 5, -on
skylarks, for a detailed discussion of the ecological conditions

énd resources these species réquire.

Information on farm livestock, collected in the interviews
with farmers, was used to calculate stocking density (on eaéh
farm where livestock were kept) by a two stage process. First,
the number of livestock units on each farm was estimated using
the livestock unit values of 0.15 for each sheep and 1.00 for
each beef or dairy cow as given in MAFF (1994). Then the number
of livestock units ‘on each farm was divided by. the area of

grassland on each farm.
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3.3 Results
3.3.1 Farm enterprises

The means of information collection' described above revealed
that of the 17 study farms, four were arable farms, ten mixed
arable/livestock farms (including four dairy farms), and that the
total area of the remaining three farms had been entered into the
ESA scheme. This meant that livestock were kept on the last
three farms, but.that érable enterprises were not allowed under
the terms of the ESA agreement (Table 3.1). Game birds were
reared on six of the 17}farms. On four of these a professional
gamekeeper was employed, on the remaining two the farmers did

their own game management.
3.3.2 Pesticide use

The intensity of pesticide use was assessed by comparing the
t&pes and applications of chemicals that farmers were using on
winter wheat (Table 3.1). High users were categorised as those
who used a wide range of products, and.frequent and prophylactic
applications. . Medium users Qére categorised as those who
generally.treated the cr&p only when a problem occufred, but used
a wide range of products and a- number of applications. Low users
were categofised as those who only used the essential minimum of
pesticides. Farms in the high category tended to be arable only,
those in the medium and low categories tended to have a mixture

of arable and livestock. = -
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mixed arable/livestock; A

farm eﬁtered in permanent ESA grassland.' H = high; M =

L = low.

Farm Type
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>

5

ESA
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L
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H (dairy)
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none
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none

H

none
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Summary of management practices on study farms. MA =

arable only; D = dairy; ESA = whole

medium;

Fertiliser
use:arable

M/H .

M/H
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Pesticide use on ESA grassland is against regulations, with a
very few exceptions (such as thistle control). As a result
pesticide use on ESA grassland was negligible.

Generally farmers in the low use category were motivated by a
need to keep costs down, rather than by concerns about the toxic
effects of pesticides. Most farmers in the high use category
justified intensive spraying on the grounds that they were in
business and wished to stay in it. However, it was difficult to
generalise from pesticide use on one crop the use on the farm as
a whole. Most farmers had different policies'for different crops
on their farms. For example, one farmer used moderate
applications of pesticides on wheaﬁ, but very little, if any, on
conservation..grade oat crops. Only two fafmers had unsprayed
conservation headlands on their farms, but were in the 1low
pesticide use category anyway. One medium/high pesticide wuser
was in the process of trying out conservation headlands. One of
the high pesticide use farmers had tried conservation headlands
and abandoned them ‘as creating a weed problem. Conservation
headlands are an important source af weed and invertebrate food
for wildlife (Sotherton, 1992) and therefore it was important to

consider the effects of their presence in the current research.
3.3.3 Fertiliser use

Intensity.of fertiliser use was assessed by investigating the
annual applications of artificial nitrogenous fertilisers made to
winter wheat crops and to all-types of grassland. The intensity
of fertiliser application was categorised according to the

farmers' own descriptions of their usage, but as a guide (given
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to the farmers at time of interview), high application exceeded
250 kg/ha/year, medium use was in the 100-250 kg/ha/year range,
low use did not exceed 100 kg/ha/year (Table 3.1). The
exclusively arable farmers all used large amounts of nitrogen on
their winter wheét. Mixed arable/livestock farmers tended to use
only moderate applications of nitrogen on all crops, including
wheat.

Only dairy farmers applied large quantities of nitrogen to
grassland, and only to the dairy grazing and silage grass. Like
other farmers they applied low levels of nifrogen to other
categories of grassland. It is against MAFF regulations to apply

nitrogen or any other type of fertiliser .to ESA grassland.
3.3.4 Livestock and stocking density.

Although an attempt was made at estimating stocking density
(Section 3.1, Table 3.2), it 1is difficult to- tell just how
representative the calculated value is of the grazing pressure on
the study farms. The reason.for this is that some farmers kept
sheep on their farms only during the winters, while other types
of stock (dairy cows and some beef herds) were housed during this
period. On farms with large areas of ESA grassland, stocking
density was low, and the animals tended to roam freely over the
whole area. On other farms, including daify farms, stocking
.density was higher, but leys and pastures were grazed in
rotation. This meant that these areas were stock free for some

periods.



Table 3.2
showing livestock numbers,

silage making

Summary of  management practices

and third cuts in July,

arable/livestock; A = arable only; D

entered in permanent ESA grassland.

low. S

sheep; B = beef;

(livestock units/ha).

T O O ®m m U

hay making

(number of cuts;

August or Septembef).
= dairy;
H = high; M

dairy cows. SD
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on study farms,
(date of cutting) and

first cuts around 10 May, second

MA = mixed

ESA = whole farm

= medium; L =

stocking density

* (in livestock column) = information as given by farmer.
Farm Hay Silage
Type Livestock - SD - making making
A MA 400s,100b 5. June . no
B MA 500s,177b 2. June/July 1 (July)
i¢c A - - - -
,MA/D 350s,350b,150c¢ 2. no 1 (May)
A - - - -
MA/D 250b, 120c 4. July 3
MA 60b 3. July no
A - - - -
I MA ?s - no no
ESA ?s - July "1 (July)
MA 1200s 2. late June ho
ESA 2 .5s/acre* 0. ﬁJuly no
A - - - -
MA/D ?c,?s - July 3
ESA 2.5s/acre* 0. July' no
MA/D 30b, 113c¢ 1. no 3
MA 1.41lu/hax* 1. June no

©C m O 2 =B B O=®” Oy
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3.3.5 Hay and silage making

Only the dairy farmers made more than one cut of silage. The
first cut tended to be in May, the second in July and the third
in late August or in September (Tablé 3.2). Other farmers made
only late cuts of silage or hay in June or July. Uﬁder MAFF
fegulations, hay or silage cannot be made on ESA grassland until -

after July 16.
3.3.6 Wildlife conservation

All farmers reported that they had species of interest on
their farms and that they were taking part in one or more of a
range of conservation activities to encourage wildlife.
Organisations from which they .had taken advice included MAFF
(ADAS), the Country Landowners Association (CLA), the Farminé and
Wildlife Advisory Group (FWAG) and the Came Conservancy. Most
farmers considered that taking part in the ESA scheme was a
contribution towards conservation, but very few of them felt that
the scheme in its current form was of any benefit to wildlife.
One farmer described a large area of ESA grassland on his farm as
a wildlife desert. Conservation projects described included the
improvement of access 'to barns for barn owls, hedge laying,
woodland coppicing and maintenance of dew. ponds (Table 3.3).
Farmers who managed their land for gamebirds were particularly
active in maintenance of scrub and wooded areas as coverts. They
also planted areas of game cover crops which provide food for

gamebirds and other wildlife species in the winter.
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3.3.7 Rotational set-aside

The rotational set-aside scheme was introduced in the autumn
of 1992. Over the following Winter 1992/1993, ten of the study
farms had rotational set-aside within the study area. Over all,
rotational set-aside at this time covered 362ha, approximately 7%
of the total study area. After Méy 1 (when the EC legislation
allowed rotational set-aside to be managed for weed control)
seven of the farmers opted to cultivate their set-aside (a totél
area of 288 hé), while three decided to top the vegetation (a
‘total area of 74ha), Appendix Clc. The area‘of stubble remaining
over the winter in the study area increased from 503 ha (9.4% of
the total area) in 1991/;992:to 626 ha (11.8% of the total afea)
in 1992/1993. | ‘ |

Downland fafmers generally tend not to leave fields as a
stubble‘ fallow over the winter. They usually plough in the
autumn and sow winter crops or‘leave the field as plough until
spring sowing. The introduction of the rotational set-aside
scheme caused the area of stubble left over this period to
increase, thus providing additional feeding areas for wildlife
over the winter.

In the second year 6f rotational set-aside (1993/1994) the
area of stubbles left over the winter was 11.3%, an area similar

to that in 1992/1993.
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3.3.8 ESA grassland

The ESA grassland scheme waé introduced “in 1987. By the
first winter of the present study, in 1991/1992, 11 of the study
farms had at least some grassland in ESA. A further two farms
had their whole area entered in the ESA scheme. Overall,
grassland covered 1,820 ha, approximately 34% of the total study
area. Just ﬁnder 80% (1l426ha) of this area of grassland was
entered in the ESA scheme (Table 3.3).

By the second winfer of the study'in 1992/1993, the area of -
grassland in the study area had increased by 6% to 2116 ha (40%
of the total study area). 'This wés the resul£ qf a continued
. uptake of small scalé'ESA grassland agreements by several of the
study area farmers. In addition, thé entire area of one more
mixed/arable farm. (394ha) was entered in the ESA scheme during
this period. At this time two of the farms were withdrawn from
the ESA scheme, because of a disagreement over payment. By the
‘third winter of the study, in winter '1993/1994, the area of
grassland in the study area had not changed since the previous

winter.
3.3.9 Wildlife habitat diversity

Relative habitat diversity was estimated for each farm during
December/January of each of the three winter periods, using the
Shannon-Weiner method described in Section 3.1. Habitat
‘diversity values can be found in Appendix D. The winter habitat

diversity in 1991/1992 was compared with the spring/summer
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Table 3.3 Summary of management practices on study farms,
showing conservation activity and management of.rotafional set-
aside. MA = mixed arable/livestock; A = arable only;.D = dairy;
ESA ='whole farm entered in permanent ESA grassland; ESA* = some
grassland in ESA scheme; ESA** = all grassland removed from ESA

scheme after Winter 1992/1993; SC = scrub clearance, HL = hedge

L]

laying, C = coppicing, DP = dew pond construction; Topped

it

rotational set-aside topped for weed control after May 1; Cult

rotational set-aside cultivated for weed control after May 1.

Farm = Type Conservation activity Set-aside ﬁanagement
A MA ESA** ’ -

B MA ESA*, SC -

C A . cult
D MA/D ESA*, SC cult
E A - -

F MA/D - _ o

G MA ESA*, SC, HL, C cult
H A ESA** | cult
I MA ESA*, SC, C topped
J ESA ESA*, TP, HL, C -

K MA  ESA*, SC, CH, DP cult
L ESA ESA~* -

M A - ‘ topped
N MA/D ESA*, SC, ﬁL ‘ topped
0 ESA ESA* Co-

P MA/D ESA* . : cult

0 MA  ESA* - cult
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habitat diversity in 1992. As there was no significant
difference (Appendix D2), the habitat diversities .estimated in
the winter periods were ~used as aﬂ indication of habitat
diversity throughout the year. Habitat diversity was wider on
mixed livestock/arable farms than on all arable farms (cereal
monocultures) or on farms that had been entirely entered in the
"~ ESA scheme (permanent grassland monocultures).

' Generally, introduction of rotational set-aside caused an
increase in habitat diversity on the study farms,; by introducing
another habitat type. Deépite this, the overall rotation plan of
farms was not greatly affected. However, in,ohe case, a farm
cereal rotation was increased from a four year cycle to a seven
- year cycle to . incorporate the set-aside. However, there was no
general increase in habitat diversity over the study area as a
whole _during the study: period. It appears that any increasé
resulting from the introductipn of set-aside was counterécted by
a decrease in habitat diversity resulting from the uptake of ESA
agreeménts, because several habitat types were often replaced by
a grassland'mbnoculture. ~ However, one farmer_reported that his
uptake of the ESA scheme had, 1in faét, ‘increased habitat
diversity on the farm. Cattle that were grazed on the ESA
grassland in the spring and summer required winter feed when they
were not at grass in the Winter. As a result, kale and fodder

beet had been introduced into the arable rotation.
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Chapter 4 The Brown hare
4.1 Introduction

In Chapter 2 the brown hare was identified as a potential
indicator for monitoring environmental changes in the South Downs
ecosystem. This chapter is devoted to a discussion of the brown
hare and is divided into five main sections. Section 4.2 reviews
literature on. the biology of brown hares and related species. It
attempts to answer two questions. First, do we know enough about
brown hare biology and ecology to :use the species as an
indicator? Secondly, if it can be used as én indicator, which
other species is the brown hare likely to represent? Section 4.3
reviews the methods that have been used to study brown hares.
Section 4.4 describes the methods used in the current research to
monitor changes in hare populations with the introduétion of ESA
grassland and rotational set-aside. The xresults obtained from
this investigation. are presented in Section 4.5,'and discussed in
relation to the findings on farm management presented in Chapter

3.
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4.2 Brown hare biology and indicator value
4.2.1 Biology
Description of the species

The brown hare (Lepus européeus Pallas) is a small mammal
that probably originated in the steppe lands to the north-east of
~the Mediterranean Sea and then spread across the western
Palaearctic region (Corbet, 1986). This increase in its range
may have been facilitated by the advance of agriculture. Since
neolithic times, farmers have been replacing natural deciduous
woodlands with arable and grazing land (Clutton-Brock, 1989),.
thus increasing the area of steppe-like habitats favoured by the
brown hare. It is possible that the brown hare was introduced to
Britain, as a game specigs, by thel Romans. There is no evidence
that it was present as an indigenous species prior to this time
(Corbet, 1986). | '
| The range of the brown hare in Europe is enclosed by‘the
ranges of a number of other Lepus species, some of which are so
closely related that they may even be conspecific (Corbet, 1986).
In Britain, the range of the brown hare can overlap with the
ranges of two other Lagomorph species,’ the rabbit (Oryctolagus
cuniculus) and the mountain hare (Lepus timidus). Where this
occurs, the brown hare can be diétinguisheci from both the other
species by its behaviour, colour, and longer ears and hind legs.
Further details of the descriptions of the European Lagomorphs

are given in Corbet and Harris (1991), and below. The brown hare
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has been successfully introduced into a number of regions,
including Australasia (Flux, 1967).

Adult brown hares weigh about three kilograms and an average
adult specimen will measure about 60cm from nose to tail (Corbet
& Harris, 1991). They.moult twice a year; in the summer they have
~a brown yellow coat, in the wintef, a reddish coat (Hewson,
1963) . M;les (jacks) are generally slightly smaller than females
(does), but the sexes are difficult to tell apart: -in the field.
The . ratio of males to .females in populations is approximately 1:1
(Flux, 1967). Although there is a record of a wild brown hare
living for twelve years in Poland (Pielowski, 1971), the average
age of Eﬁropean and British hare populations is under one year
old and few survive for more than five Years (Andrzejewski and
Pucek, 1965; Lloyd, 1968; Broekhuizen, 1979).. Leverets (young
hares) can be distinguished from adults by their size for the
first five months, after which time it becomes more difficult.
Two methods for identifying the age of dead hares have been used

by Frylestam (1980a).
Habitat

In Britain, the brown hare occupies a range of habitat types
including agricultural land, rough pasture and moorland (Arnold,
1978). However, arable land supports the largest populations
(Tapper and Parsons, 1984). Brown hares may use deciduous
woodland and hedgerows for shelter.(Bresinski and Chlewski, 1976;
Tapper and Barnes, 1986), especially in cold weather (own
observations) . Brown hares also use coniferous woodland during

the winter in Germany (own observation) and probably elsewhere.
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Territorial behaviour

The life style of the brown hare has been observed and
" described in detail by Flux, 1981. Generally, the brown hare is
nocturnal. During thé day it is solitary and hides in hollows
(forms) which it scrapes in arable fields or presses down in
vegetation. These forms are often situated on high ground where
they provide shelter from the wind while allowing good visibility
(Tapper and Barnes, 1986). Often forms are situated away from
night-time feeding areas (Tapper and Barnes, 1986). Hares do not
dig burrows but rely on keen senses and speed to escape
predators..'Ownership of a form can change, but hares generally
defend the area one to two metres around the form they are
currently occupying (Flux, 1981). Other than this, the brown -
hare is usually non-territorial:. Each animal has a home range,
the size of which may change throughout the seasons of the year.
Estimates of home range size vary Between 15 and 50 ha (Flux,
1981; Broekhgizen and Méaskamp; 1982, Tapper and Barnes,. 1986).
The home range of one animal will overlap with the ranges of
others and they congregate to feed in groups at night (Flux,
1981; Schneider, 1981). Group feeding improves the chances of
observing the advance of predators (Broekhuizen and Maaskamp,
1982; Monaghan.and Metcalfe, 1985) and the mating of females as
they come into oestrus (Holley, 1986). There is evidence that a
male dominance hierarchy. is established within feeding groups
(Lindorf, 1978; Monaghan and Metéalfe, 1985) . Dominant .males
guafd females in oestrus (Holley, 1986) and, in harsh weather,

defend feeding areas against subordinate hares (Lindorf, 1978).



71

Reproductive biology

Brown hares are able to breed throughout most of the year
(Flux, 1967; Lincoln, 1974; Broekhuizen and Maaskamp, 1981).
Onset and length of breeding season are controlled by daylength
and temperature (Flux, 1967; Hewson and Taylor, 1975; Martinet,
1976; Frylestam, 1980a). The end of the breeding season is
probably uﬁder the control of daylength, as in the snowshoe hare
Lepus americanus (Lyman, 1943, as cited in Martinet, 1976).
There 1is a spring peak of sexual activity (Raczynéki, 1964;
Liﬁcoln, 1974) and during this period brown hares show 'mad
March' activity. Males and females congregate in the day-time,'
‘and the males initiate rutting activity by. jumping and chasing
the females. Females that are nét quite in oestrus reject the
males kn/.boxing. However, these activities probably stimulate
the females to come into breeding condition (Lihcoln, 1974), and
once the females have become sexually active, further rutting
activity declines. The percentage of pregnant females is at its
highest in the summer and lowest in the autumn (Raczynski, 1964;
Lincoln, 1974).

Mating is promiscuous and ovulation is synchronised with
mating. . Non-pregnant females will be prepared to mate every
seven days. The gestation period is approximately 42 days. At
birth the doe deposits the leverets in a form. They ' are
precocious, full& furred and their eyes are opén. After three to
four days they disperse to separate areas of cover and
;econgregate'once a day, half an hour after sunset, to be suckled

by the doe (Broekhuizen and Maaskamp, 1976, 1980, 1981). Other
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than this there is no parental care of. leverets. Weaned at four
weeks after birth, leverets reach adult size in about five
months. These leverets can breed in the year of 'birth
(Raczynski, 1964; Broekhuizen and Maaskamp, 1980), however, most
evidence suggests that they usually begin to breed in the year

following birth.
Productivity

On average, the brown hare produces three or four litters a
year, each containing between two and four leverets. Geographic
location, weather conditions, food availability and ‘disease
affect the length of the breeding season, and the number of
litters thét can be produced. These factors also affeét the
reproductive physiology of the hares, especially the females, and
the size of each litter they produce. Litter size will initially
depend on ovulation rate and successful fertilisation of éva, but
embryonic mortality appears to be influential in the control of
leveret production (Pielowski, 1976Db) . In unfavourable
conditions, embryos- may be resorbed within pregnant females
(Flux, 1967; Pielowski, 1976Db) . The numbexr of embryos that have
been lost can be estimated by comparing the number of corpora
lutea with the number of normal embryos developing in a pregnant
female (Raczynski, 1964). As embryonic mortality is greater in
unfavourable conditions, leveret production is dependent on the
time of year that litters aré produced; the largest litters occur
in early summer, when the weather is generally most favourable
(Raczynski, 1964; Flux, 1967; . Hewson and Taylorz 1975;

Broekhuizen and Maaskamp, 1981). The age of female hares is also
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influential, with females in their first breeding season showing
the widest variation in litter size, and on average, producing
the smallest litters. Three-year-old females are the‘ most
productive age group (Flux, 1967; Frylestam, 1980a; Broekhuizen
and Maaskamp, i981; Pepin, 1989).

Embryonic mortality as high as 50-80% has been recorded in
Poland (Andrzejewski and Pucek, 1965). However, Broekhuizen and
Maaskamp (1981) estimated embryonic mortality to be between 6 and
19% in the Netherlands. This is far lower than ;he Polish wvalue
and Broekhuizen and Maaskamp (1981) suggest that 1length of
breeding season is more important than embryonic mortality in the
controcl of . leveret production, a£ least in their study
population. There are reports that superfoetation (the presence
of different aged foetuses developing in a'éingle uterus) occurs
in the brown hare (Raczynski, 1964), but that it 1is probably
insignificant in its effect on the annual production of leverets

(Broekhuizen and Maaskamp, 1981).
Post-natal losses of leverets and adult mortality

Abildgard et al. (1972, in Denmark) support Broekhuizen and
Maaskamp (1981) in their opinion that pre-natal mortality is not
an important factor in the regulation of brown hare population
size. These views are shared by most other authors, who consider
post-natal losses to be of far greater importance (Pielowski and
kaczynski, 1976, in Poland; Pepin, 1987, in France; Keith, 1981,
in Britain). However, Pielowski (1976b, Poland) observed that
the annual mortality of leverets was related ‘to -the annual

natality {(number of births). Thus he argﬁed that pre-natal
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mortality must play an influehtial part .in control of brown hare
population size.

Mortality rate (post-natum) is notably higher in leverets
than in adults, but annual fluctuations in the mortality of young
brown hares have been observed to follow the same trend as thosé
.of the mature animals (Pielowski 1976b). Frylestam (1980a),
working in Sweden, found that a brown hare population on an
island had- a yearly leveret mortality 1level which was
approximately 30% lower than that of a similar population on the
mainland. The differences in mortality level may have been due
to an absence of predators and traffic, and a reduction in
juvenile dispersion with its-aséociated risks (Frylestam, 1980a).
The large difference in mortality levels suggests these factors
are highly influential in the control of brown hare population
size.- In four French populations leveret mortality was estimated
to vary between 50 and 75% in the period between the birth of the
leverets in the spring or summer and their first winter (Pepin,
1989). This author suggests the differences in mortality rates
may have been due to different weather qonditions and
agricultural practices between the four study- areas. In the
autumn, European populations of brown hares may be composed of
between 30 and 60% leverets (Andrzejewski and Pucek, 1965;
Pielowski, 1976b;\}ielowski, 1981; Lloyd, 1968). The leverets
produced in the summer have the best chance of surviving (Kutzer
and Frey, 1981)

Adult mortality was estimated at 19.4% over the breeding
season and 5.4% over the winter 1in a Polish study area
(Pielowski, 1981). These values for adult mortality are low,

however, compared with estimates of 38 to 58% from other European
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study areas (reviewed by Broekhuizen, 1979). The wide variation

is not satisfactorily explained.

Factors affecting hare productivity, and adult and leveret

. mortality

Productivity and mortality are population processes. They
determine the size of hare populations and in turn are controlled
by a number of factors. Keith (1981) reviewed population data on
a number of Holarctic hare species, including the brown hare, and
concluded that food availability and predation were the factors
most influential in hare ecology. In some populations and
species "the effect of these factors may be density dependent.

These and other influential factors are discussed below.
Food

Hares are exclusively herbivorous. They can utilise e&en low
grade vegetation by caecotrophy and hind gut fermentation. This
pfocess is described by Pehrson (1983) for the mountain hare
(Lepus timidus), but the biology is identical to that of the
brown hare. Brown hares flourish when there is a diverse and
plentiful supply of wild plants, grass and early growth-stage
arable crop vegetation available throughout the year (Frylestam,
1986; Tapper and Barnes, 1986). Wild plants, when available, aré
preferred to cultivated crops (Frylestam, 1986). Hares move
around farms during the year exploiting the most. palatable
vegetation available, as their preference for cereals tends to

decline once the plants have developed beyond the tillering stage
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(Tapper and Barnes, 1986). For these reasons, monoculture arable
systems tend to produce an abundance of‘food for a few months
after cereals are sown in the autumn or spring, but can result a
shortage of digestible food later‘in the year. Areas of low crop
diversity or monoculture farmland support less dense ﬁhare
populations (Tapper and Barnes, 1986) and as individual hares in
these areas are 1likely to have lower body weights, their
reproductive physiology' will be adversely affected (Frylestam,
1980Db) . Pasture can provide a useful source of food throughout
the year (Tapper and Barnes, -1986), although hares move away from
grassland soon after it is stocked with sheep and cattle
(Frylestam, 1976b; Barnes et al., 1983). There is no clear
evidence, howevgr; that hares are in ¢ompetition with rabbits for
- food (Broekhuizen, 1975) or afe seriously affected by any other.
aspect of rabbit ecolqu (Barnes and Tapper, - 1986). Ih some
areas, the trend towards monoculture agriculture has caused a
reduction in the area of ley grass and an increase in the use of
break crops such as oilseed rape (Potts and Vickerman, 1974).
Hares'teﬁd to avoid oilseed rape in the autumn when it contains
antinutritional factors such as glucosinolates (Tapper, 1989),
but in monoculture systems may have to feed on ‘it where no other
vegetation is available (Frylestam, 1986). In some cases hares
can compete with livestock for grazing, damage crops and strip

bark from saplings.
Predators

Adult hares and leverets are a major component of the diets

of farmland predators, especially- the fox (Vulpes vulpes), for
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which species they may make up nearly 50% of the diet (Pielowski,
1976d) . Estimates show that foxes can account for the loss of up
to 15% of the leverets produced in a year (Pielowski, 19764,
1981, in Poland; Goszcynski et al., 1976, in Poland; Reynolds &
Tapper, 1989, in England) and between 2-4% of adults (Pielowski,
19764, 1981, in Poland). Domestic pets may also be hare
predators, especially on the fringe between towns énd farmland
KGoszczynski et al., 197e6). Human predation of hares comes in
the form of shooting and hunting with hounds or coursing with
greyhounds and lurchers. In Britain, hares are not highly
regarded as a game species for shooting, but are sometimes
controlled as vermin when populations become very dense. For
this reason, there is no closed season for hare shooting in
Britain. In some countries of continental Europe, brown hares
are shot as an important game and meat resource (Pielowski and
Pucek, 1975). In Britain, those who hunt legally with hounds.and
dogs observe a closed season in ﬁhe spring and summer when hares
are ﬁot hunted, but illegal activities by poachers may occur at
any time of year. The effect of shooting depends on management.
However, hare populations have sufficient reproductive capacity
to remain stable despite high shooting pressure (Pielowski,
1976¢c, in Poland; Pepin, 1987, in France) in one case showing no
decline ~even when 40% of a population was killed each year
(Pielowski, 1976c, in Poland).’ Shooting may result in the death
of individuals that would in any case have succumbed to other
density dependent mortality factors, such as diseése, in

unexploited populations (Pielowski, 1976c).
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Climate

Weather conditions appear to have 1little direct effect on
hares. They may account for less than 2% of annual leveret

mortality ~and have little or no direct effect on adults

(Bresinski, 1976a; Pielowski, 1981). " Even 1in harsh' weather
conditions, direct starvation of snowshoe hares (Lepus
americanus) appears to be rare (Smith et al., 1988). However,

there may be indirect effects ©of harsh weather conditions in
reducing réproductive capacity (Frylestam, 1980a) increasing the
mortality of adults and leverets, since productivity and leveret
survival are greatest in the summer when weather conditions are
usually at their best. Extreme winter food shortage in American
snowshoe hare populations may be an indirect rather than direct
cause of death by increasing the number of weak hares taken by
predators (Smith et al., 1988). Rainfall and temperature may
affect the physiology of hares through influences on plant growth
and availability of food (Bresinski, 1976a; Andersen, 1952;
Watson and Hewsen, 1975; Frylestgm, 1980a; Martinet, 1976). In
addition, unfavourable weather conditions may 1lead to an
increased disease risk, ‘especially if hares crowd together in

times of food shortage (Barnes et al., 1983).
Diseases

In a Polish brown hare population, disease accounted for 26%

of annual leveret mortality and 10% of adult mortality

(Pielowski, 1981). Some major hare pests and diseases have been
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investigated by Broekhuizen and Kemmers (1976) and Kadulski and

Dobrynczuk (1976), and reviewed by Tapper, in Corbet and Harris

(1991). Coccidiosis (Eimeria sp) and yersinia (Yersinia pseudo-

tﬁberculosis), in particular, can result in high mortality.

Although hares do not appear to suffer from myxomatosis, a viral

disease (European hare syndrome) had a dramatic effect on some

populations in the late 1980§ (Brown, 1991). More recently some

~ populations have been affected by a disease with symptoms similar
to an intestinal- disorder called grass sickness in horses .
(Katherine Wentworth, personal communication) .

While acute disease may claim the 1lives of hares, more
chronic disorders may effect populations by reducing
productivity. This is illustrated by a study in the Netherlands
(Broekhuizen & Nbaskamp, 1981) where only 8% of diseased hares
were observed to be pregnant, while 80% of the healthy females

from the same population were observed to be pregnant.
Pesticides

The use of agricultural pesticides may éffect brown hares
both directly and indirectly. It has been estimated that 56% of
adult hares and 20% of new-born hares- in a Polish study area were
exposed . annually to direct contact with pesticides -(Chlewski,
1976) . Pielowski (1981) estimated that pesticides were
responsible for about 15% of leveret mortality and 2% of adult
mortality annually in the same study area. The effects of a
number of pesticides have been tested on hares. In these studies,
both organochlorine pesticides (Dzilinski and Chlewski, 1976;

Mankowska, 1976) and the 1less -persistent, but more toxic,’
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organophosphorous pesticides (Krynski and Chlewski, 1976)
appeared to have little direct effect on adult hare mortality or
reproductive physiology under laboratory conditions. However,
some of the organophosphorous compounds tested did make hares
more lethargic after spraying (Krynski and Chlewski, 1976), which
could make them less able to escape predators or agricultural
machinery. .

Despite a large proportion of hares being exposed to direct
contact with pesticides in his study area, Chlewski (1976) did
not consider pesticides to be a serious threat. In addition,
seasonal preference for crops may have meant that hares were not
using crops at ‘times of spray application (Chlewski, 1976).
There has also been a suggestion that the smell of chemicals may
discourage hares from using recently sprayed crops (Szukiel,
1972, cited in Chlewski, 1976). The studies reviewed above only
tested a few compounds on brown hares. Other pesticides may have
more toxic effects. For example, there is some evidence that
paraquét (a non-specific, total action contact herbicidé) has
direct toxic effects on brown hares (Tapper, 1976).

Herbicides may affect hares indirectly by reducing the
availability of weed food plants on agricultural land (Sotherton,
1992). Although the indirect effects of pesticides on some bird
species 'are well documented (Sotherton, 1992) and their effects
on .other bird species are the subject of much speculation
(O'Connor and Shrubb, 1986), this is an areé of research that has
not been adequately explored for the _brown hare and which

deserves further attention.
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Mechanisation

Healthy adult hares are able to move out of the way of
agricultural machinery and are rarely killed as a result
(Pielowski, 1981). Young leverets, however, cannot escape. In
France, leveret survival is related to crop type, and the type
and timing of cultivation (Pepin, 1989). Leverets hiding in
green forage crops, especially frequently mown silage grass, are
most at risk (Kaluzinski and Pielowski, 1976, in Poland;
Broekhuizen, 1976, 1in the Netherlands; Pielowski, 1981, in
Poland) . Reports indicate that up to 17% of the leverets
produced in a year may be killed by farm machiﬁes (Kaluzinski and.
Pielowski, 1976; Pielowski, 1981, in Poland).

The effects of road trafﬁic..on' hares should not be
overlooked. In an Austrian study area, between 10 and 15% of the
leverets produced were killed annually on roads (Kutzer and Frey,

1981).
Current status

The Brown: hare is well adapted to modern agricultural
landscapes and it seems unlikely that the deciduous forest
ecosystems that existed before the development of agriculture
would have provided suitable habitats for it. Records of hares
shot onithe Holkham Estate in Norfolk (Tapper & Parsons, 1984)
show that numbers of brown hares increased to a peak in the late
1800s. This peak coincided with the intensification of

agriculture that occurred between 1850 and 1870, when many new
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farming methods were introduced. Expansion of arable farming at
this time produced an agricuitural landscape even more simiiar to
the hares' native habitats, and advances in agricultural
technology meant that a greater variety and abundance of food was
available to wildlife. An increase in hare numbers in Denmark
between 1902 and 1952 has similarly been attributed to an advance
in agricultural technology (Andersen, 1957).

" However, despite continuing advances in agricultural
productivity the brown hare population in the United Kingdom has
shown a significant decline in numbers since the early 1960s
{Tapper and Parsons, 1984). Brown hare populations in other
western European countries are declining in a similar way:
Denmark (Stangaard and Asfeg, 1980); Sweden (Frylestam, 1976a);
Netherlands (Leeuwenberg, 1981); Switzerland (Salzmann-Wendeler,
1976). There is also some evidence of a decline in some eastern
European countries: Poland (Pielowski, 1976a, 1981) and Bﬁlgaria
(Petrov, 1976). These all appear to be 1long-term population
declines and there is no conclusive evidence thét brown hares are
subject to cyclical population fluctuations in Britain
(Middleton, 1934; Tapper and Parsons, 1984; Tapper, 1987).

Although brown hares are shot as pests in some regions and
cannot be said to be an -endangered species, their decline in
numbers -is of some concern as it may be indicative of more
general adverse effects of human activity, especially
téchnological advances in agriculture. In addition to this,
brown hares are an important resource for meat and recreation in
many European countries. Significantly decreased populations
would have important economic implications (Pielowski and Pucek,

1976; Pielowski and Raczynski, 1976)-.
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Summary of the processes regulating brown hare populations

There is evidence that brown hare productivity may be density
dependent above some threshold density (Frylestam, 1980a).
However, it seems unlikély that current populations ever reach
densities where -this could begin to regulate population size. 1In
addition to this, as hares are non-territorial, populations are
not regulated by the densit& dependent processes that control
skylark population size (Chapter 5). It seems that in the case
of the brown hare, habitat quality plays-a very important role in
the regulation of populations. Habitat quality will affect the
productivity and determine the mortality rate of adult and
leveret hares. As discussed above, there is some controversy as
to the relative importance of these processes (productivity and
mortality) in hare population regulation. Nevertheless,
identification of the factors which héve had the greatest overall
influence on hare population processes over the last thirty years
may allow us to establish why hare populations are declining.
When these are understood, the process could be stabilised or

reversed.
Explaining the decline in brown hare pdpulations
(a) Decline in breeding adults and survival of leverets
As discussed above, leverets in most populations, and adult

hares in some populations, are subject to high mortality. Krebs

(1986) calculated that a decrease 1n the annual survival of adult
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female hares as low as 0.03% would be sufficient to make a stable
population begin to decline by as much as 5% a year. ‘He
suggested that specific agricultural parameters should be
identified and manipulated to see if any decline could be
reversed.

So what could be causing increased mortality in hares?
Changes in agricultural practice, especially the replacement of
rotational farming practices’by monoculture systems, discussed in
Chapter 1, must be influential as these result in a reduction of
the food available for hares. Even if hares are not dying as a
direct result of starvation, mortality is likely to be increased
in undernourished hares, since they are probably more prone to
disease and -  predation. There is some evidence ' that recent
outbreaks of disease have had a spbstantial -effect on: some
populations. In addition, both the direct and indirect effects
o: increased pesticide use and unfavourable weather conditions
may be acting ﬁith other factors in reducing the hares' ability
to survive. The decline in the number of gamekeepers and thus of
predator control activities (Potts, 1980) and an increase in
farﬁland predators such as foxes and crows (Game Conservancy
Review, 1991; Marchant et al., 1990) must also be having an
effect on hare numbers, as hares are a major component ' of
prgda;or diets on farmland. Young leverets, in partiéular, must
be especially wvulnerable to predation and death from the
increased use of machinery that accompanies modern farming

systems.
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(b) Decline in productivity

Increased mortality will eventually lead to an overall-
decline in the 1leveret production of a population, as the
available pool of reproductive females (and males) dwindles. In
addition, a population with a younger average age will be less
productive that one with more females at .thé height of their
fecundity. However, it is probable that a decrease 1in the
productivity of individual female hares is having a particularly
important effect on populations. While changing farming
pfactiées; recent 'adverse weather conditions (Marchant et al.,
1990) and other'interrelated factors may not kill hares outright,.
they will affect productivity. The research reviewed above has
proVided'numerous examples showing that, while adﬁlt hares can
withstand adverse conditions, their reproductive performance is
greatly and rapidly affected.

The fact that research to date has failed to identify any one
- factor that is particularly responsible for declining. hare
populations, suggests that the decline is likely to be the result

of the interaction of many factors.
4.2.2 Indicator value

The introduction to the current chapter raised two questions.
Eirst, do we know enough aboﬁt brown hare biology and ecology to
use the species as an indicator? Secondly, if it can be used as
an indicator, which other species is the brown hare 1likely to

represent? In answer to the first question, the test of
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indicator potential wvalue described in Chapter 2 has already
addressed ‘many of the criteria for an appropriate indicator
species, and shown the brown hare to have considerable potential.
In addition, the review of literature on brown hare biology and
ecology in the current chapter has shown that there is
considerable, if incomplete information on this species, and that
a practical test of its indicator potential is worthwhile. This
literature review has shown that the brown hare is a common and
easily identified farmland species, and that despite 'its close
relationship with agriculture, the species has shown a
significant population decline in Britain and continental Europe
over the last 30 years. Although a number of factors may be
involved, the most influential causes appear to be related to
changes in agricultural practices (a number of which have already
been discussed in Chapter 3 as occurring in the South Downs
agricultural ecosystem).

In answer to the second question, the response of the brown
hare to changing farming practices may be representative of the
response of other species, in particular other less easily
studied herbivorous small mammals such as field voles (Microtus)
and shrews (Sorex sp) which do not thrive in chemically and
mechanically intensive farmland (Tapper and Brockless, 1993). As
these species provide food for farmland predators such as barn
owls, kestrels, and weasels and stoats, the response of the brown
hare may act as an indicator of the availability of food and
other habitat resources for'exploibation by wildlife within the
whole downland ecosystem.

As a result it is suggested that monitoring brown hare

populations on farmland may:
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* indicate differences in the resources available for
wildlife between farms with different management systems.

* indicate if any changes in the resources available for
- wildlife occur as a result of introduced environmentally
sensitive farming practices;

* represent the response of other, . less easily studied,

vertebrate species (such as small mammals) to these effects.
4.3. Brown hare study methods

The practical investigation of the brown hare's indicator
potential began with a review of literature for suitable hare
survey methods. Much of the published research has been
conducted -in Eastern Europe, especially Poland, where hares are
managed as a game animal and economic resource (Pielowski and
Pucek, 1976). In the UK, it ié only recently that a declining
hare population has inspired survey work.

Survey methods can be classified as (1) absolute quanﬁitative
methods, such as test flushing and netting counts, and (2)
relative quantitative methods, such as belt assessment, trailing

line, night spotlight, and capture, mark and recaptufe counts.
1. Absqlute quantitative methods
(a) Test flushing

In test flushing, hares are driven from'iarge areas (many-

hectares) by a group of beaters and the number of animals flushed

are counted (Szerderjei, 1958, _ cited in Andrzejewski and
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Jezierski, 1966). In practice some animals are not counted
because they sit tight and so results of this method should be

treated as relative rather than absolute.
(b) Netting (capture and removal)

In this technique, fields are surrounded by nets into which
the hares are then driven by beaters. Netted hares are removed
and put in transportation boxes by catchers to prevent double
counting (Andrzejewski and Jezierski, 1966). These authors,
working in Poland, reported that the number of hares passing
through the net without being caught was small (about 3%) and
that flushing of hares during net-setting was also small, with
some of the flushed hares running into the netted area, rather
than escaping.

However, exhaustive obseryations_ suggest that, as a rule,
more of the hares flushed during net-setting escape from the
enclosure than enter it (Pielowski, 1969). 1In addition, a larger
proportion (as many as 19%) escape over or through the net than
suggested by Andrzejewski and Jeiierski (1966); It has been
suggested that netting 10% of a study area provides a
representative sample (Andrzejewski and Jezierski, 1966).

2. Relative quantitative methods
(a) Belt assessment (zonal taxation)
In the belt assessment survey method, several beaters move in

a line across a selected area, of defined breadth and length,

causing any hares present to start up from their forms. All the
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hares flushed from the belt are recorded by one person. The
route of the beaters is chosen to run through all habitat types
in the study area, regardless of whether they are considered-
suitable for hares or not. A belt long enough to cever 5-10% of
the study area is considered sufficiently representative of the
hare population in a given area (Pielowski, 1969).

However, this method has been shown to over estimate hare
densities by 20% when compared with a capture and removal study
(Pielowski, 1969). Over-estimation occurs because the observer
responsible for counting hares can inadvertently include animals:
beyond the sample area (Rajska,.1968). This becomes a problem
especially when the observer is standing at a distance or at an
angle from the beaters. The error is likely to be greater when a
narrower belt is used or hare densities are low. This method can
only be used effectively when crops are ehort (Erom the end of

harvest to March) .
(b) Trailing line (dragline)

This method is similar to belt assessment; but instead of the
use o0f beaters, a 100m 1line is trailed between two vehicles
(Frylestam, 1981) or between two people (Tapper and Barnes,

1986) .
(c) Night spotlight counts
In this method, a spotlight is used at night to reveal hares

as they feed. The observer is usually stationary and sweeps the

light around in a complete circle.. Use of a hand-held spotlight
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from a vehicle to count hares in African savannah (Eltringham'and
Flux, 1971) indicated» that, although this method .provided
reliable information on population fluctuations, it was not
suitable for estimation of absolute densities. However, studies
in southern Sweden (Frylestam, 1981) suggest that as hares feed
exclusively in open places in spring and autumn, the mean number
obtained by night counts is a relatively accurate estimate of
population density. The reliability of night counts was tested
against the population density estimated by day-time trailing
line sampling. The distribution and total numbers of hares
recorded did not differ significantly between the two sampling
methods except in cases where the light sampled plots were too
few and too widely scattered (Frylestam, 1981).

" Studies in Switzerland (Salzmann-Wandeler and Salzmann, 1973,
cited by Frylestam, 1981) wusing this method showed that
differences in hare numbers between several spotlight counts over
a short sampling period (several days) were negligible, but a
study period of several weeks or months led to significant
differences between counts. Although hares do not migrate
(Bieger, 1941; Kokes, 1948; Koenen, 1965, all reported in
Andrzejewski and Jezierski, 1966f, they move arqund'within their
home range as crops reach favourable growth stages, become
unpalatable or offer different amounts of cover (Tapper and
Barnes, 1986).' This, coupled with changes in weather, may
account for the differences observed.

Further investigatiens in Sweden (Frylestam, 1981) show that:
1. Night spotlight counts are only suitable for use in'open

areas as woods and scrub produced blind areas.
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2. Sample plots should be representative of the proportions
and types of different crops in the study area. This is very
important when counts are used to estimate the absolute
pobulation of an area.

3. Sufficient afeas should be sampled to detect the hares on
different nights as they move or form groups within ﬁheir home
ranges.

4. Replicate counts should be carried out within a short
period of time (Frylestam suggests a fortnight) and under similar
weather conditions.

More recent studies (Barnes and Tapper, 1985) have furthe;
refined the spotlight count method. Hares are counted with the
aid of a 100 watt spotlight which is mounted on a four-wheel
drive vehicle. Once the vehicle reaches a sampliﬁg point and is
stétioﬁary, the spotlight is swept around in a complete circle.
Any hares present in the béam can be detected by their eye-shine
and body shape at up to 300m through 7 x 50 binoculars. These
authors have used this method for much of their hare research
(Barnes et al., 1983; Tapper and Barnes 1986; Reynolds and Tapper
1989). Hares in each field in the study areas were counted, with
ndt less than 30% of the total area being sampled (Stoate and
Tapper, 1989).
| These studies confirm that the spotlight method can only be
used inﬂthe winter months (from after harvest until March) when
crops are short. Population estimates based on spotlight count
data are very dependent on weather conditions, which affect
visibility as well as hare activity. Barnes and Tapper (1985)

estimated visibility before and after each count by measuring the
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distance at which a 1lcm square of reflective tape could be
distinguished. Spotlight counts were impossible on foggy nights.

Temperature was found td have a significant effect on hare
activity and this was taken into account by using a correction
factor. Construction of a correction factor is a complicated
procedure, so extremes of temperature and other weather
conditions are best avoided where possible (Dr Stephen Tapper,
personal communication).

Barnes and Tapper (1985) found spotlight counts an
appropriate means of assessing large differences between hare
populations in extensive studies. Repeated counts in the same
area could provide a reasonably accurate measure of population
changes over time. The data for the distribution of hares were
highly aggregated and conformed to a negative binomial
distribution (Bliss and Fisher, 1953), which produced high
variance and wide 95% <confidence intervals for population
estimates. Care was needed in analysing these data.. A two-stage
method of sampiing (after Norton-Griffiths, 1973), where the mean
of several samples within each square kilometre were taken and
these were then averaged for the study area, gave the most
reliable estimates. The effect of 'dead' ground, where hares
cannot be seen, can be allowed for by making accurate maps of the

area visible in each lamp arc (Stoate and Tapper, 1989) .
(d) Capture, mark and recapture
In Poland, hares caught by netting were marked with numbered

earmarks and released in the same area. The proportion of marked

animals 1in subsequent catches -was then wused to estimate
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population density. As hares are not thought to migrate and
there were no feasons to expect higher mortality in marked hares,
this method appears to be a reliable way of estimating population
densities and the yearly mortality of adult hares (Andrzejewski

and Jezierski, 1966)
(e) Other methods

Game bag records. The Game Conservancy National Game Census
based upon yearly game bag records has been used since 1961 to
monitor the abundance of game species such as grouse, woodcock
and brown hares (Game Conservancy, 1991). Although the number of
individuals of a species shot will depend on such things as
weather and number of shboting days as well as species abundance,.
the game bag records provide a useful measure of the status of
game species.

Radio—tracking. In radio-tracking, a radio transmitter is
attached to an animal, and a receiver is used to track the
signals of the transmitter as the animal moves -about its home
range. - Although radiotracking is not a practical means of
estimating population size, it is extremely wuseful in the
investigation of hare distribution and behaviour, especially
during the summer when crops are too tall for direct observation.
Tapper and Bérnes (1986) wused this method to investigate the
effects of farming practice on brown hares in England.

Continuous observation. . Monaghan & Metcalfe (1985) and
Holley (1986) have used continuous observation of hares over many
hours with binoculars and telescopes to investigate social

interactions, .feeding behaviour and reproductive activities.
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Indirect methods. Other methods that might provide a measure

of hare abundance include counts of pellets or forms.
4.4 Methods used in the current research

The abundancelestimation methods described above have been
compared to find the most reliable and suitable method for use in
a nationwide survey of brown hares by the Néture Conservancy
Council . (NCC) (Dr dJochan Langbien,v personal communication). A
one-person transect walk method (based on belt assessment) was
chosen as the most suitable on technical merit. This waé because
the NCC survey was conducted by volunteers 'walking transects
across randomly chosen kilometre squares and while man-power
availability was not a limiting factor, technical ability was.

For the ppeéent survey, which had te be conducted with
limited resources, methods which are labour intensive or
excessively time consuming were not considered suitable. The
proposed study area'was relativeiy large and so methods conducted
on foot were also discounted, although later in the research
surveys were conducted on foot. Taking these factors into
consideration, spotlight sample counts conducted from a four-
wheel drive vehicle were considered to be the most suitable for
an extensive survey of hare distribution, abundancé and feeding

preference.
4.4.1 1991/1992 survey

During a ' pilot-survey, hare- population densities were

estimated once for all 17 study farms on winter nights between
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November and March 1991/92 (inclusively) when'crops were short,
using spotlight counts made from a four-wheel drive Subaru truck.
A 100-watt, 300,000 candle power white beém bulb (C & D King,
Dorking) was usea for the spotlight and hares, detectable by
their body shape and eye-shine, were counted through 7 x 50
binocular field glasses.

The original plan was to drive to five good vantage points in
each kilometre OS grid-square and make a sweep with the spotlighﬁ
where as much ground aé possible could be covered by the beam.
.Iﬁ practice this was not feasible. Most farmers had requested
that the vehicle sfay on the farm tracks, eséecially in wet
weather, and this significantly reduced access and visibility.
In some grid squarés up ﬁo 30% (30ha) of the area could be
covered with the lamp, but in others only a very small area could
be seen from the track, and some of the crop types in the grid
séuére were not represented in the sample. Over flat areas the.
spotlight could cover up to 6ha from a point, but in rolling
downland, especially if there was tall vegetation or poor
visibility, the area covered could be reduced down to less than a
hectare if the  farm track the vehicle was pafked on did not
provide a good vantage point. To account for this in the
estimate of hare density, " the wvisible area was recorded on
enlarged 1:25,000 scale maps. On average 21% of the total area
of each farm was lamped, although the area covered ranged between
8% and 48% depending on the'size'of the farm. Numbers of hares
and other nocturnal species were recorded on standard- sheets
together with records of atmospheric conditions. Depending on
farm size, counts generally took between three and four hours to

complete. - -
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A population density was estimated for each farm by dividing
the number of hares seen by the sampled area:

Hares/km2 = no. hares seen x 100
area of sampling (ha)

4.4.2 The best time of night for counting hares

During the early stages of the project in Winter 1991/1992
" the best time of night to see hares was investigated. Three
cﬁunts were made on one farm on consecutive nights. The first
count.WasAstarted half an‘hour aftef dark, the second three hours
after dark, and the third five hours after dark. As there was.no

significant difference bétween’the estimated densities, ail other
counts wefeAusually madé between three or four hours after dark.
Counts were never made earlier than half an hour after dark as
this is the time at which hares leave their forms for nocternal
activity (Broekhuizen and Maaskaﬁp, 1980) . There is some
evidence that hares become less'éctive as the night progresses,
so counts should not be made late at hight (Chris "Stoate,

personal communication).
4.4.3 The best weather conditions for counting hares

Visibility Qas best when the wind was from the west,
especially in light rain. Where possible counts were made under
these conditions. = However, hares were seen feediﬁg in all
weather cbnditions. Even on very wet and windy nights they
continued to feed, but used sheltered areas. There were a number

of reports from interviewed farmers that on some nights they saw
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hares and yet on others there were no hares to be seen. This was
probably because of the effects of wind conditions and was
compensated for by thorough sampling on adjacent fields during
the spotlight survey. In addition, there was little really cold
or windy weather during the study period that could have resulted

in inaccurate estimates.
4.4.4 1992/1993 survey.and 1993/1994 survey

To overcome the access problems encountered in the 1991/1992
pilot survey the sampling method was modified in the winters of
1992/1993 and 1993/1994. Instead of using a vehicle, counts were
conducted on fbot, using a spotlight Qith a backpack rechargable
solid cell battery. This increased accesé to the surVey area. A
red filter was used to lamp stubble fields as it allowed hares to
be seen more easily in this habitat type. However, hares were
less easy to see through a red filter when against a green
background, such as grass or cereals. The filter  reduced the
extent of.the beam and area.of visibility. This was corrected
for on the record maps. |

The improved access, resulting from the change to spotlight
counts on foot, meant that now at least one sample could be made
in each field or crop type on each farm, regardless of whether
the habitat type was considered suitable for hares to feed in or
not. In the 1992/1993 survey and 1993/1994 survey an avérage of
26%.of the total area of each farm was lamped (ranging between
9.6% on a large farm and 50.3% on a small farm). On avérage 5%
more of each farm was lamped in the 1992/1993 survey and 1993/94

survey than had been possible in the 1991/1992 survey. The hares
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were not any more disturbed by a lamp operator on foot than tﬁey
had been by lamping from the vehicle. They looked at the lamp
but did not move away. However, efforts were made.hot to walk
near hares and cause them to move into other sampling areas.

In addition to the record of hare numbers made during the
winter 1992/1993.survey, a detailed record was also kept of the

habitat types in which the hares were feeding.
4.4.5 The best time of year to count hares

In the second winter (1992/1993YAof research an investigation

was made into the best time of year to count hares to produce

reliable population estimates. During this winter period, each
farm. was counted three times, in October 1992, ‘December
1992/Jénuary 1993 and February/March 1993. During October,

autumn field cﬁitivations tended to drive the hares away from
some farms. However, the October count gave an indication of the
summer'.populations, before winter mortality. As a result of
these'findings each farm was only.counted once, . between November
1993 and January 1994 in the third winter (1993/1994) of

research.
4.4.6 Hare behaviour

During the spotlight surveys, hares were seen feeding in
loose groups in open fields. However, in the day-time, incisor
' marks on break and game-cover crops, especially kale and turnips,
showed that sdme hares were also feeding 6ut of sight. These

animals could not be seen in the spotlight at night, mainly
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because of shadows cast by the leaves. One gamekeeper suggested
that these tall leafy crops were avoided by the animals in wet
weather as they soaked the hares (Nigel Jarvis, personal
communication). In dry weather, the presence of these crops may
have caused under-estimation of population size.

As has already been’noted, the hares did not appear concerned
by the spotlight or the sound of the vehicle, and continued to
feed. Neither did the approach of an observer on foot scare the
animals, as long as care was taken not to get too close or make
undue noise. Rébbits, however, fled from the spotlight. This was
presumably because they associated the 1light with -shooting.
While only four study area farmers (five farms) controlled harel
numbers; all farmers controlled rabbits. This was mainly done by
night-shooting wiph a vehicle and spotlight (Appendix C1d). »

The hares would look up frequently during grazing, even
rising on their haunches to look for predators, as noted by
Broekhuizen and Maaskamp (1982) and Monaghan and Metcalfe (1985).
In the spring mating activity was observed within the groups.
This'activity was similar to the observations of Holley (1986).
Hares.were always observed feeding away from the fields where
they rested in forms during the day, as noted by Tapper and

Barnes (1986).
4.4.7 Statistical analysis

The group feeding behaviour of hares meant that observations
of hare numbers were not normally distributed among the spotlight
samples (Appendix C2). As non-normal distribution frequencies of

data can affect the validity of statistical tests, the nature of
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the observed distribution waé investigated. 'Initiélly the
observed distribution was compared against an expected Poisson
distribﬁtion. X2 analysis revealed that the observed
distribution wés significantly different from the expected
Poisson (X2 = 17.61, 2df, p < 0.001). This indicated that the
feeding hares were not distributed at random. Further analysis
showed that the data conformed to a negative binomial
distribution (Bliss and Fisher, 1953), . A x2 goodness of fit
analysis (Zar, 1984) was used to compare the obéerved frequency
distribution of data collected in winter 1991/1992 and the
distribution that would have been expected if data conformed to a
negative binomial (Appendix C2). There was no significant
difference between the observed and the expected values (X2 =
3.13, 1d4f NS). This aggregated and non-territorial distribution
of hares is in accordance with the observations of Flux (1981);
Schneider (1981) ;- Broekhuizen - and Maaskamp (1982); Barnes and
Tapper,»(l985)..

Once‘the naﬁure of the freéuency distribution Qas undefstood,
data were transformed to produce a distribution that approached
normality. A number of transformations have been described for
treaﬁment ‘of negative binomial distributions (Anscombe, 1948;
Zar, 1984). However, it was suggested that a loéarithmic
trahsfdrmation léglo (x+1) wouid be the most appropriate for this
analysis (Dr .Nicholas Aébiécher, personal communication) to
normalise the distribution and equalise the variances.

Means are presented + one standard error, and are arithmetic
means. For analysis of hare abundancé in relation to habitat
diversity (see Section 4.5.2), apalyses were carfied out by

analysis of variance. . If interactions were non-significant they
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were dropped from the model and the analysis was recomputed.
SYSTAT 5.0 (Wilkinson, 1990) was used for-the analysis, and the

acceptance level for statistical significance was o = 0.05
4.4.8 The reliability of hare population estimates

A population estimate of hares/km? was calculated for each
farm in the manner described above. The area sampled on most of
the farms was similar, however in a few cases a larger sample
area may have resulted in a more reliable estimate of population
size as suggested by Zar (1934). This can be compensated for in
regression analysis by giving the estimates a weighting which is -
dependent on sample size. However, it did not appear that sample
size significantly affected the accuracy of the estimates and so
weighted regression was not considered necesséry. Evidence that
the spotlight counts were reliable indicators of relative
population size. on each farm was provided by independent data
from three sources.

1. Data supplied by the Brighton and -Storrington Foot
Beagles (Dr David Brooks, éersonal commuﬁication; Appendix D).
The beaglers hunted hares on the majority of the study farms
during the winter spotlight count period. They recorded the
number of hares seen flushed on each farm by hounds, as part of a
national survey for the Masters of Harriers and Beagles
Association. There was a good correlation between the two
sources of data (Fig 4.1). This graph appears to be highly
influenced by the out-lying boint. If this point is removed from
the regression analysis, the‘ correlation is istill highly

.significant (r = 0.48, p < 0.01).
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Figure 4.1 . Correlation between hare densities estimated .by

spotlight counts on farms and hare numbers from hunting records

on the same farms, in winters 1991/1992, 1992/1993 and 1993/1994
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2. Shooting record data. Another indication suﬁporting the
accuracy of the spotlight counts was provided by data from one of
the sﬁudy.farms where hares were shot. An éstimate based on a
spotlight count made in October 1992 gavé 33 hares/kmz, a total
population of approximately 154 hares on the farm. In the
following winter, the majority of hares on the farm were shot,
for reasons discussed later (Section 4.5.2). The total bag
exceeded 143 hares (Michaél Langmead, personal communication). A
spotlight count made in March, after shooting, gave an estimate
of approximately nine hares for the same farm.

3. Data from interviews with farmers. Generally farmers
and,'especially, gamekeepers were accurately aware o0f the numbers
of hares on their farms. They tended to see them feeding at
night while rabbit or fox shooting. During the day hareé were
seen when disturbed from their forms by farm machinery or when
flushed during beating on shooting days. There was a good
correlation between the numbers reported by farmers and the
estimates generated by spotlight counts. In addition, farmers
could supply information on hare distribution during the summer,
when .spotlight counts . were not 'possible because of tall
vegetation. From this information. it appeared that populations

did not vary greatly during the year on any farm.
4.5 Results
4.5.1 Population trend

Results described in this chapter are based on analysis of

data found in Appendix D. Over .the three years of study the
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population trend was one of decline. However, as this was very
slight and not significant, the population was viewed as
remaining stable over this period. This is illustrated in Fig

4.3,
4.5.2 Factors influencing hare populations

The aggregated distribution of hares among samples Qas
reflected in the distribution of hares among farms. There was a
range of population densities among the study farms, with hares
completely absent from some .farms, especially those close to
urban developments (Figs 4.2a-c¢). The differences in population
densities were clearly associated with particular farms. . This
suggests that particular farm management characteristics were
more infiuential in the ecology of the héres than any
geographical or climatic features.

However, there was no single management or biological factor
that satisfactorily explained the distribution and abundance of
hares. Rather a number of factors appeared.to be influential.
These were predation and predator control, habitat diversity,

food availability and grazing management. These will be
discussed in '~ turn, but it should be kept in mind ﬁhat
distribution and abundance patterns of hares were probably the

result of a complex interaction of all these factors.
(a) Predators and predator control

Domestic predators. The general absence of hares from farms

close to towns (Figs 4.2a-c) was. possibly because of poaching
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Figure 4.2a Habitat diversity, and hare distribution and

abundance in the study area, winter 1991/1992.

Habitat diversity

624
River Adur

laed
Worthing

Hare distribution and abundance

2
A River Adur

Brighton

~N

Worthing
Habitat diversity Hares/km?
(O No hares
: <0.2 o <4
Study farms without gamekeeping 021-04 @ 47
041-06 () 810

Study farms with gamekeeping 0.61-0.8 11-20

A\ Urban development >30

Non-study areas of downland =~ - 0.81-1.0 . 21-30




W -
" 106
Figure 4.2b Habitat diversity., and hare distribution and-
abundance in the study area, winter 1992/1993. '
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pressure'and disturbancé by people and domestic pets on the urban
fringe. There has been a report confirming that domestic cats
are a predator of hares in Polaﬂd (Goszcynski et al., 1976).
However, there was one notable exception to this trend in the
study area, as the farm near Hove showed dense hare populations
over all three years of study despite being situated close to the
town. This has gqtzbeen satisfactorily explained.

Gamebird predators. Although none of the study area farmers
took any direct measures to encourage hares, the presence of a
gamekeeper was a most important factor ip the distribution and
abundance of hares in the study. Hare populations were dense on
farms where the gamekeepers contfolled the numbers of gamebird
prédators such as foxes and reduced the activities of poachers
(Fig 4.3). These observations support the well documented
effects of fox predation on hare density reported by Goszcynski
et al. (1976); Pielowski (1976d); Standgaard and Asfeg (1980);
Reynolds and Tapper (1989); Tapper et al. (1991).

Shooting. Over the study period atleast 143 hares were shot
on one farm, about 20 hares on each of two other farms and an
unspeciﬁied number of hares (probably not exceeding five) on
another two farms. Hares were shot for a number of reasons: when
populations had reached levels that attracted poachers, whén
required for meat, and occasionally when they consistently spoilt
partridge drives by £flushing birds in the wrong direction.
Although most farmers were satisfied that hares were rarely shot
by ‘mistake during rabbit -shoots, it was reported to happen
occasionally.

Hunting. Poaching, espécially coursing at night with

lurchers and greyhounds, occurred over much of the study area. It
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Figure 4.3 Mean numbers and ‘standard errors of hares/km2 on
farms with gamekeeping and on .'farm's without gamekeeping,” in the

winters of 1991/1992, 1992/1993 and 1993/1994.
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was difficult to quantify the effect of poaching, but on one
farm, I.J.p to six hares were found that had been killed in one
night during spriﬁg by coursers (Chris. Passmore, personal
communication). Coursing can be éarticularly influential on hare
populations, because, unlike beagling, illegal coursing does not
have a closed season. in addition some farmers shot hares (see
the example discusséd above in Section 4.4.6) to reduce the
attractiveness of their land to illegal coursers. Farmers were
anxious to avoid coursing activity, because of the damage it
caused to their farms.

Thirteen of the 17 study farms allowed beagling (legal hare
hunting) . The huntsman of this pack enjoyed hunting the hares
but had no great desire to catch them. As a result his hounds
accounted for less than five hares on study farms over the study
period and their effect on the population was probably
negligible. |

Farm livestock predators. All except seven farmers practised
some degree of fox control (Appendix Cl1l) to proteét livestock,
especially sheep. However, on farms without gamekeepers this was
either not of sufficient intensity to protect the harés or some
other faqtor had an over-riding effect. In barticular, farms
close to towns generally had few or no hares even when quite
intensive fox control was practised. Conversely, some farms had
high hare densities, even when fox control was not practised. 1In
some cases this may have been the influence of hare control
activities on neighbouring farms, but this explanation could not

always account for the situation.
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(b) Habitat diversity

So what might have been allowing dense hare populations to
survive despite predation? Study of Figs'4.2a¥c indicates that
genefally hare populations are‘ﬁore dense on farms where there is
a wider diversity of habitat - types. However, more detailed
analyéis of data from winter 1991/1992 indicated that the
disﬁribution and abundance of hares across the study area was not
significantly céfrelated with the diversity of winter habitats on
farms. This was a result of two outlying points (solid square
symbols in Fig 4.4a) corresponding to two low habitat diversity
farms where very intensive predator control allowed dense hare
populations to thrive. When these aberrant points were excluded
from the analysis, it cou;d bé seen that generaily there was a
significant increase in  hare abundance with increasing habitat
diversity. In addition, if data from farms close to urban
developments (where hare»densities were low regardless of habitat
diversity, open round symbols in Fig 4.4a) were removed from the
analysis, a very significant correlation between hare abundance
and habitat diversity was revealed, Fig 4.4a.

A similar, although less significant, correlation between
hare density and habitat diversity was apparent in winter
1992/1993 (Fig 4.4b). In winter 1993/1994 (Fig 4.4c) the
correlation was not significant.

No significant correlation was found between hare abundance
and summer habitat diversity, even when the two farms with
intensive predator control and the four farms close to urban
developments were removed from the énalysis. These observations

confirm the findings of Tapper and -Barnes (1986).
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Figure .4.4a Correlation between hare density (hares/km?) on

farms and farm habitat diversity, winter 1991/1992.
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ion' between hare density (hares/kmz) on

farms and farm habitat diversity, winter 1992/1993.
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Figure 4.4c Correlation between hare density . (hares/km?) on

farms and farm habitat diversity, winter 1993/1994.
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The habitat diversity indices were constructed'using all the
habitat typesu on the premise that wider habitat diversity,
regardless of type, benefits hares. Therefore the index included
ploughed land even though this habitat type is negligible as a
food source. However, it can provide cover, as hares lie in the
furrows out of the wind. In addition, its presence on farms
where other fields had already been sown indicated that a farﬁ
was likely to have a range of arable crops planted at different
times. This would then provide a succession of early growth
stage cereal crops to satisfy the nutrient requirements of hares
(Frylestam, 1986; Tapper and Barnes, 1986).

In support of these findings, analysis of variance revealed

.that in winter 1991\92 hare abundance was significantly related

to the activities of gamekeepers (F 12 = 13.8, p = 0.001),
habitat diversity:- (Fy 612 = 12.2, p = 0.004) and proximity of
urban development (F; 32 = 5.0, p = 0.045) . In winter 92/93,

hare abundance was significantly related to activities of
gamekeepers (Fp 12 = 4.3, p = 0.038) and habitat diversity (Fl,iz
=.5.1 p = 0.044).. In winter 1993\94, hare abundance was only
significantly. related to the activities of .gamekeepers (F2,14 =

5.8, p = 0.015),
(c) Food availability

During winter 1992/1993 a detailed investigation of hare
feeding behaviour was conducted. An indication of the hares'
comparative use of particular, habitat types throughout the
winter, based on the density of hares seen feeding in each

habitat type, is shown in Fig 4.5. and, summarised in Table 4.1..
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Figure 4.5 Comparative use of a rangé of farmland habitats By
graziﬂg hares iﬁ.winter 1992/1993, indicated by mean numbers and
standard errors 6f hares/ha of each habitét type. Key: WC,
winter sown cereals; DT, downland turf; ST, stubbles;.SG,‘stocked

grassland; USG, unstoéked grassland.
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Table 4.1 Summary of the comparative use of farmland habitats
for grazing by hares over winter 1992/93. ° Key: WC, winter sown
cereals; DT, downland turf; ST, stubbles; SG, stocked grassland;
USG, unstocked grassland. (1 indicates greatest use, 5 indicates

least use).

Comparative use

1 2 3 4 5
Oct WwC - DT ~ UsSG ST sG
Dec/Jan . WweC USsG ST SG (DT not used)

Feb/Mar ST wC USG DT SG |
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The standard errors shown in this figure afe large. Analysis of
variance was attempted to further investigate habitat use by the
feeding hares, but limited data and é large number of variables
meant that there were insufficient degrees of freedom to allow a
meaningful interpretation of the results. The information in Fig
4.5 can, therefore, only be used as an indication of the feeding

preference of the hares.

Hares moved around farms during the study period, foraging in
areas that provided food or the most_palatable food. In October,
when fields were being cultivated downland turf provided refuge
and an important food source, but this habitat type was not used
to such a great extent for grazing later in the winter. The
hares tended to favour winter cereals and autumn sown grass leys
throughout the winter, but especially in December/January when
they were at their most palatable. By late February/March, the
hares were preferring to feed on stubbles. Perhaps this was
because the cereals and new leys had gone beyond their most
palatable stage for hares (Tapper and Barnes, 1986) and the
stubbles were providing weed species that hares particﬁlarly
favour (Frylestam, 1986). Before the introduction of .set-aside
these stubbles would probably not have been available to hares at
this time of year. Downland farmers tend to autumn cultivate for
both autumn and spring sowing, leaving the fields fdr spring
sowing as fallow plough. In addition, the cessation of straw-
burning in 1990 may have provided another source of weed fc.)od

plants, which would otherwise have been destroyed by the fire.
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(d) Grazing management

Although there was no:significant correlatiop between hare
density and overall farm .stocking density (Table 3.2) in the
present study, the way grassland was managed for grazing affected
its usAe by hares. Hares tended to use intensively fer;ilised
non-ESA dairy grassland, especially when_it was free of livestock
in the winter. However, stocked permanent pasture'(whether under
or ovef,grqzed) and short downland turf were generally avoided,
Fig 4.5. The avoidance of stocked grassland has been noted
previously by:Frylestam (1976b) and Barnes et al. (1983). In the’
present study, feeding hares tended to éﬁoid farms and areaé of.
farms when  they - were ‘converted from arable crops to ESA:
grassland. These hares wére probably .avoiding ESA ~grassland
beéause, even though stocking density was generally low, these
areas were of;en stocked continuously. .Evidence that hares
tended to avoid ESA areas during the day-time (ie as areas to.
situate their forms while resting) was provided by the Brighton
and Storrington Beagles. They observed the highest

concentrations of hares in the arable areas, not the graSsland.
(e) Pesticide use

No significant correlation was found between the intensity of
pesticide use on farms and the abuﬁdance of hares: This may,
however, have been a result of the problems associated with the
way in which the intensity of pesticide use was éstimated. The

intensity of pesticide use was estimated in relation to the way
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farmers applied pesticides to their winter wheat crop and thié
may not have been representative of pesticide use on other crop
types (see Chépter 3, Section 3.2.2). " In addition, other
factors, such as predator control, may have over-ridden the
effects of pesticide use. However, some evidence that hares
favour farms where pesticide use is kept to a minimum was
provided by investigations on two of the study farms. The
farmers on Farms G and Q had abundant_hare populations and used
the minimum ‘of farm chemicals. Neither of these farmers
practised fox control, but they did use traditional crop rotation

systems.

4.5.3 Other factors affecting hare mortality and the production

of leverets

Only one farmer questioned could recall ever having found a
dead hare. Apparently, this had been killed by straw burning.
There were no reports of large scale losses of hares to disease
or other factors in this study area.

Many farmers and all gamekeepers reported having seen
leverets. Several tractor dfivers reported that they took
special care to spot leverets and move them. from danger while
performing field operations, although the leverets often soon
moved back to their original 1location. @ Several farmers and
gamekeepers reported that they had seen very late born leverets
over the study period. .This may have been ‘a result of very mild
winters. One gamekeeper suggested that over the last twenty
years there had been a trend towards production of late born

leverets. Perhaps hares have adapted to producing young later in
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. the year in response to the introduction of such operations as
silage cutting. If this is the case, later born leverets will
probably have a lower survival rate as winter food availability
is poor and weather conditions less suitable. In addition, the
trend towards autumn cultivation and wmonoculture - arable
production cannot favour late born leverets. However,
introduction of rotational set-aside will provide an additional -
winter food source in the form of weed rich stubbles.

None of the farmers reported having seen hares or leverets
killed as a result of topping set-aside, however several felt

that some leverets were probably killed.
4.5.4 Summary of results

. The results suggest.that the distribution and abundance of
hares in the study area was controlled by five main factors (1)
predator control, (2) habitat diversity, (3) the évailability of
food, (4) grazing managément and (5) proximity of farms to urban
development. The introduction of rotational set-aside was
generally beneficial to hares as it provided food and cover in
the winter, but topping activities may have resulted in the death
of leverets. The introduction of ESA grassland was not
beneficial to hares, which moved away from areas as they were
converted from arable crops to ESA grassland.

The implications of these findings for the use of the browﬁ
hare as an indicator species in monitoring environmental change

will be discussed in the final chapter (Chapter 6).
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Chapter 5 The skylark
5.1 Introduction

In Chapter 2 skylarks were identified as potential indicators
for monitoring habitat quality changes in the South Downs
" ecosystem. This chapter is devoted to a discussion of the
skylark and has five sections. Section 5.2 reviews the
literature on the biology of skylarks and related species. As in
the case of the previous chapter'on the brown hare, it attempts
to answer two questions. First, do we know enough about skylark
biology -‘and ecology to use the species as an indicator?
Secondly, which other species is the skylark likely to represent,
and to what extent? The next Section (5.3) reﬁiews ﬁethods that
'have been used to study skylarks. Then Section 5.4 describes the
hethods which were used in the current research to monitor
changes in skylark populations with the introduction of ESA.
grassland and rotational set-aside. The results obtained are

presented in Section 5.5.-

5.2 Skylark Biology and indicator wvalue
5.2.1 Biology

Déscription of the species

The skylark (Alauda arvensis .L.) 1is a monogamous vground

~nesting spécies (Delius, 1963) Birds of either sex are small and



123

brown in appearance. A detailed description can be found in

Coward (1925). Juveniles can be distinguished from adults until
their first autumn moult (Delius, 1965), because they have a

streaked plumage that makes them inconspicuous when on the ground
(Witherby et al., 1938).

Adults are approximately 18 cm in length (Cowérd, 1925;
Witherby et al., 1938) Females are generally smaller than maleé
(Kearton, ¢1930) and adults can be éexed according to wing
length, 'since males have 1longer .wings than females (Deliﬁs,
1965). An average life'expectancy of 2.8 years was estimated in
a Cumberland study area (Delius, 1965). The average age of Ehe
breeding population was estimated as 3.3 years.

Skylarks can be easily distinguished from other Lark species
(Alaudidae) that occur in Britain, by their distribution,

appearance and behaviour.
Habitat

The skylark is found throughout the Palaearctic region. It
is a bird of the open steppes and avoids woodland and scrubland
habitats. The species has increased its range across Europe as
natural forests have been converted to agricultural land
(Haxdman, 1974). Although skylarks will use a range of open
habitats (Walpole-Bond, 1938) they are most numerous on farmland
(Marchant et al., 1990; Williamson, 1967). On Sussex downland .
farms, skylarks nest on arable and pasture land (Walpole-Bond,
1938). A natiohwide survey (Williamson, - 1967) found that of
these two habitat types arable land -was the most preferred. More

than twice the density of skylarks was found in association with
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arable land as with grassland. However, the species is abundant
"and widespread on grassy areas in the uplands (Williamson, 1967).
Use of this habitat type for breeding appears to have increaSed

since the 1940s (Marchant et al., 1990).
Territorial behaviour

Each breeding pair of skylarks nests within a territory,
which the male defends with'characteristic.sdng-flight behaviour.
This song-flight behaviour is discussed in detail in Section 5.4,
as it is of central importancé to the methods used for surveying
skylark populations in the current research.

It has been suggested thét it would be difficult to say where
any particular skylark was bred aé they are a very’ migratory
species (Coward, 1925). However, more detailed studies suggest:
that skylarks reared in Britain tend to be .resident . (Walpole-
Bond, 1938; Hardman, 1974). Skylarks flock together in winter to
feed on stubbles (Walpole-Bond, 1938), but do not leavé the
country. The ékylarks seen moving through the eastern .and
southern cognties of England are thought to be migratory European
ékyiarks (Hardman, 1974).

There ‘is evidence that the resident skylarks tend to return
to the same nesting area (often the place of birﬁh)'each.year.
They may even attempﬁ to pair with the same mate as in a previous
year and settle in the same nesting territory (Delius, 1964,
1965; Jenny, '1990). In a Cumberland study area pairs remained
intact for up to four seasoﬁs, although a two se&son period was
the norm (Deliué, 1965). There was a strong correlation between

the breeding success of a pair’ in a given season and the
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likelihood of its remaining a pair in the following season.
However, both males and females showed strong nesting site-
tenacity and breeding success did not affect their attempts to
re-hold the nesting territories of a previous season. In this
sand-dune study area, pairs tended to hold the same nesting
territory throughout the breeding season.

'However, in other study areas there is less evidence of such
strong site-tenacity. In some habitat types skylarks can attempt
to change ;erritories quite freQuently (Schlapfer, 1988; Poulsen
and Sotherton, 1993)..

Darge variations occur in the sizes of skylark nesting
territories. Reports indicate that territories ranged between
two and five hectares on agricultural 1land in Switzerland
(Schlapfer, 1988; Jenny, 1990). Oon sahd-dunes. in Cumberland
territories ranged between half and one and a half hectares
(Delius, 1965).

In most aspects of their breeding biology skylarks appear
fairly consistent in behaviour between populations. So, why are
there such 1large variations in these territory areas ?
Similarly, why is site tenacity so great in some habitats and yet
in others, the skylarks attempt to change territory quite
frequently?

These questions are to some extent answered by reports in the
literature. On agricultural land, crop height and density
determine where territories ., are established (Poulsen and
Sotherton, 1993), <crop type and diversity of crop types
determines territory size and site-tenacity (Schlapfer, 1988;
Jenny, 1990; Poulsen and Sotherton, 1993). It is worth

discussing these factors in more--detail, as they appear to hold
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the key to explaining how skylark population size may be
regulated. For this reason, further study of these factors-may
also allow us to identify the causes behind changes in abundance
of nesting skylarks.

Crop type. Térritories may enclose one Or more crop types
(O'Connor and Shrubb, 1986). In Switzerland, there was little
evidence that any specific crop type affected where territories
were established, but areas near woodland were avoided
(Schlapfer, 1988). A predominance of cereals in this study area
resulted in this habitat type accounting for 70% of nesting.
productivity. Other studies, in Britain, suggest that skylarks
do ‘prefer some crop types over others, but that preference
depends upon what is availabie (O'Connor and Shrubb, 1986).

In southern England, populations were highést in areas of
set-aside (Poulsen and Sotherton, 1993) . In addition,
productivity (clutch size) was larger in this habitat type. Set-
aside was found to support large populations of sawfly larvae
(Symphyta, Hymenoptera), which are a major component of skylark
chick food. In the same study area, skylark food abundance was
lowest in spring barley and adults travelled further for food.
This would suggest that territories were larger in this habitat
type. However, there is some evidence that skylarks may move out
of their ﬂesting territories to «collect food (Knight and
Shepherd, 1985; Stoate and Szczur, 1993; Chris Stoate, personal
communication) . The importance of food availability in nestiné
territory choice has also been observed in Westmorland (Robson
and Williamson, 1972). Skylarks chose to nest in grass crops

rather than in areas which had recently reverted to arable Crops.
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The authors suggested that this was because the gfass crops had a
more abundant invertebrate fauna. | |

In silage crops, mowing greatly reduces breeding success.
This pracﬁice destroys nests or reveals them tb predators
(Schlapfer, 1988; Poulsen and Sotherton ,1993). Intensive
livestock production probébly has similar effects. Skylark
populations decreased in a German study area where pastures were
heavily grazed (Busche, 1989).

Crop diversity. In Switzerland territories Were smaller in
areas where crop diversity was. wider (Schlapfer, 1988; Jenny,
1990) . In low érop diversity areas, territories were not only
larger, but attempts to change territories were more frequent and
breeding success reduced (Schlapfer, 1988).

Crop height and density.  In Switzerland, skylarks
established territories in winter sown cereals until this crop
type feached a height of about 25cm in height. They then moved
to spring sown cereals, which were at this étagé shorter
(échlapfer, 1988; Jenny, i990). In Switzefland, less dense crops
with a ground cover between 20 and 50% weré favoured (Jenny,
1990) . It appearé that dense crops are abandoned because the
skylarks cannot walk through them (Schlapfef, 1988) . Similar
skylérk behaviour has been observed in southefn England (Poulsen
and Sotherton, 19%83). The birds deserted winter cereals and
grassland when these cCrops grew too tali or lodged, and moved to
spring cereals.

Work in Switzerland suggests that there is little evidence
that soil quality or climatic factors affect where territories

are established (Schlapfer, 1988). -
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~The research findings reviewed above indicate that

territories situated in some  habitats result in higher
productivity and greater breeding success, that territories in
these more suitable hébitats are generally smaller, and that
mating pairs try to retain them throughout the breeding season.

In summary, these territories tend to be situated in habitats
that can provide:

* an open landscape away from trees or scrub

* .sufficient plant cover for adults, nests and young birds,
but

* vegetation which is not too dense for the adulfs to walk
through,

* a refuge from predators or damage by agricultural
machinery,

* a diversity of crop types that can'supply sufficient food
sources for adults and young.

{ In less suitable habitats productivity and breeding success
are reduced, so regulating population size. In additioh, these
less suitable habitats result in the need for larger territories
to support broods. This also acts as a density regulating
mechanism which reduces the number of breéding individuals in a
population, as only skylarks with territories breed. This
argument is supported by the work of Delius (1965). In the
Cumberland study area (Delius, 1963; 1965) birds of both sexes
(but especially one-year-old males) that were unable to establish
a nesting territory did not migrate to other areas. They.stayed
as a non-breeding population, which accounted for 10% of the
total adult population. These non-breeding adults were not

permanently segregated from the Bgéeding population, but remained
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in reserve. After a hard winter, when some larks had been killed
by the cold weather, there were no apparently non-breeding

adults. The population was using its full reproductive capacity.
Reproductive Biology
Skylark pairs may produce up to three broods (Walpole-Bond,

1938; Whitherby et al., 1938) between mid-April and mid-July;

occasionally later in the year (Walpole-Bond, 1938; Delius,

1965). The males return to the nesting area before the females
(Delius, 1965). Elaborate courtship flights, by both sexes, and
fighting between males lead to mating (Coward, 1925). The males

are rarely damaged in the.- intraspecific fights (Delius, 1963).

The femalesibuild the nests by themselves (Walpole-Bond, 1938;

Whiterby et al., 1938; Delius, 1963). This is a simple structure
of dry. grass in a hollow on the ground. The nests are usually
situated in crops or tufts of grass. Rarely, a nest may be

situated in areas with very 1little vegetation (Kearton, c1930).
The females lay one egg per day, usuélly in the morning (own
observations) . Incubation, which is carried out only by the
females (Walpole-Bond, 1938; Witherby et al., 1938), bggins when
the whole clutch has been laid. The females conceal the nest
sites by landing some distance from the nest and running through
the vegetation.

Onset of laying at the beginning of the season is under the
control of daylength and temperature (Delius, 1965). Generally,
a first brood is attempted in mid-April (Walpole-Bond, 1938;
Delius, 1965). If this is successful a second brood and then a

third brood may be attempted. However, because of nest predation



130

up ‘to four or more clutches may be laid to produce even one
successful brood (Walpole-Bond, 1938; Delius, 1965).

Average clutch size varies between three and five mottled-
brown eggs (Walpole-Bond, 1938; Witherby et al., 1938; Delius,
1965). Second brood clutches are significantly larger than first
brood clutches (Delius, 1965; Schlapfer, 1988). Clutches as
large as six or seven eggs have been recorded (Delius, 1965)

In a Cumberland study area (Delius, 1965), it was estimated
that on average each female annually produced 2.7 clutches of 3.7
eggs. In Switzerland, it was estimated that on average'7.4 eggs
were produced in two clutches per year (Schlapfer, 1988). 1In the
Cumberland study area, there was considerable variation in the
number of broods undertaken by different pairs in a season
(Delius{ 1965). Laying of replacement clutches varied between
four and six days after nest predation, depending upon the stage
at which the previous clutch was lost (Delius, 1965). There was
no inhibition of re-laying beyond 17 days after hatching/
allowing 'telescoping' of broods. This means that in some cases
the males feed fledglings while females incubate another brood.
Skylarks have been observed to re-lay in the same nest .after
predation (Walpole-Bond, 1938). Generally, the female probably
builds a new nest. It is not clear what inhibits skylarks from
" laying at the end of the season (Delius, 1965).

In a successful brood, incubation lasts eleven days (Witherby
et al., 1938; Hardman, 1974). The young are non-precocious and
remain in the nest for a further hine to ten days after hatching.
They are fed by both parents, although, the female does most of
this work (Delius, 1963). After leaving the nest, the juveniles

cannot fly for at least ten days. 7"~
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In some cases'juveniles héve.been observed to breed inbthe
year of birth (Delius, 1965), although it ‘is more common for
sexual maturity to be reached in the year after birth.

In the Cumberland sand dunes (Delius, 1965) breéding success
(this is the percentage of eggs laid which survive to independent
juvenile age) was estimated at 46%, and breeding - success was
twice as great in:-older females than in one-year-ola birds. 1In
.Switzerland, breeding success was . estimated at 37% in one
agricultural study area (Schlapfer, 1988), and at 25% in another

(Jenny, 1990).
Adult and juvenile mortality
The most extensive study of skylark mortality was carried out

over five breeding seasons in Cumberland (Delius, 1965). Mean

annual mortality of both male and female adult skylarks was .

estimated as 33.5%. There was no significant difference between
male and female mortality. Highest . mortality occurred in cold
winters. When the effects of these cold winters were excluded,

average annual adult mortality was estimated at 30%.

Delius (1965) gives a mortality value of 32% for egg losses
and a mortality value of 33% for nestling losses. The mortality
rate of juveniles between nest-leaving and the end of the first
year was similar to that of the adults (about 30%) . Mortality

rate did not change with age after the end of the first year.
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Factors affecting skylark productivity, and adult and juvenile

mortality
Food

Skylarks feed by walking alang the ground collecting food
from the soil surféce or pecking at the vegetation (Green, 1980;
1987). During the autumn and winter adult skylarks feed on weed
seeds, cereal grains after harvest or at sowing time, seedlings
and leaves. In the spring and summer the? feed on invertebrates,
'especially beetles (Coleoptera), grass flowers, leaves and seeds
(Coward, 1925; Walpole-Bond, 1938; Witherby et al.,'1938; Green,
1980;1987) . The chicks are fed on sawfly larvae (Symphyta) for
the first five days of life. After this they are fed on beetles

(Poulsen and Sotherton, 1993).
Predators

‘Adult skylarks are not intensively predated on farmland,
although skylarks are sometimes taken by werlins - (Falco
columbarius) . However, in common with many other species of
small bird, they suffer very high clutch and brood mortality
(Walpole-Bond, 1938), much of which is due to predators.
Predation has been estimated to account for 85% of egg losses and
90% of nestling losses (Delius, 1965). The main predators are
Corvids and farmland predatory mammals (Delius, 1965). Predation
of skylark nests by Corvids is density dependent, and nests close

to woodland are particularly at risk (Moller, 1989).
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Climate

The skylark is generally a hardy species. Cold weéther and
rain do not seem to affect egg or nestling survival. However,
the adults are wunable to withstand cold winters. Dramatic
declines in populatidn size can occur as a result of this

(Delius, 1965; Marchant et al., 1990).
Diseases

There is very ‘little reference to skylark diseases or pests
in the 1literature and disease appears to play a generally
insignificant role in the ecology of this species (Delius,  1965).

Pesticides

There 1is much evidence that the direct toxic effects of

pesticides have significantly influenced population sizes of some

bird species. An example is the peregrine falcon Falco
peregrinus (Ratcliffe, 1980). The indirect effects of pesticides
on some bird species are also well documented. High pesticide

input reauces the availability of weed plants and arable
invertebrates (Sotherton, 1992) which many bird species rely on
- for food. This 1is particularly influential in the breeding
success of grey partridges Perdix perdix (Aebischer, 1993). The
increased productivity of skylarks in habitats with more abundant
insect populations indicates that this species is "indirectly

affected by pesticides in a manner similar to grey partridges.
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Current status

Up to 1938, skylarks were extremely abundant . in Sussex
throughout the yeaf (Walpole-Bond, 1938). This author records
that a thousand dozen skylarks were netted on fhe Downs near
Brighton before noon on a day in January 1897. These birds were
sold as a delicacy to France.

Since 1961 the British Trust for Ornithology (BTO) has used
the Common Bird Census (CBC) to monitor the status of British
breeding birds, including skylarks. With the exception of low
population numbers in the early 1960s, 1979 and 1982 (which were
due to cold winters),'the national population remained relatively
stable until 1980. Since then the population has declined to
half that recorded in the 1970s (Marchant et al., 1990, and data
used by Poulsen and- Sotherton, 1993). Similar recent declines in
skylark populations on agricultural land have been.reported in
Belgium (Paulussen, 1993), Schleswig-Holstein in Germany (Busche,
1989) and Switzerland (Schlapfer, 1988).  Similar declines have
occurred in a number of other farmland bird species such as the
meadow pipit Anthus pratensis, lapwing Vanellus vanellus, linnet
Carduelis cannabina, and grey partridge, Perdix perdix (Marchant
et al., 1990). Corn buntings Miliaria calandra, in particular,
have declined in a very similar manner to skylarks. It should be
noted that there is no evidence of <cyclical population
fluctuations in any of these species.

In Britain, skylarks are currently the twelfth most numerous
breeding bird species and the most widely distributed. The
national population has been estimated as approximately two

million pairs (Marchant et al., 19%90).
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Earlier this century the species was not geﬁerally considered
to be a crop pest (quard, 1925; Walpole-Bond, 1938). However,
despite the population decline, skylarks now cause considerable
crop damage, especially to sugar beet in East Anglia (Hardman,

1974) .
Summary of the processes regulating skylark populations

It appears, thefefore, that population size can be regulated
by:

* the number of adults in the population; this determines
basic reproductive potential, |

* the quality of habitats where territories are situated;
‘this determines adult survival, productivity and the b;éeding
success of broods,

* the number of territories available; this affects overall

productivity, as only adults with a territory breed.
Explaining the decline in skylark populations

It is 1likely that'the decline in skylark populations is a
combination of all three of the population regulating processes
summarised above.

In any species, a progressiye decline in population sizé
would eventually result in a decreése in available breeding
adults. However, it seeﬁs unlikely that there has been a
reduction in breeding adults which could have initiated the
.skylark decline. By comparison with clutch and brood mortality,

adult mortality is relatively insignificant in skylark ecology.
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One factor that could possibly have increased adulé mortality is
cold winter weather. It has been reported that winters have
become generally colder and more severe over the last 50 years
(Marchant et al., 1990): However, other cold sensitive species
such "as goldfinches Carduelis carduelis have not shown such
significapt declines (O'Connor & Shrubb, 1986).

Adult populations may have declined as a result of changes in

agricultural practices. These have lead to a reduction in food
sources for the adult birds of many species. In particular, the
use of ©pesticides (Sotherton, 1992), improved harvesting

efficiency, and decline in winter fallows (O'Connor & Shrubb,
1986) appear to have been influential in the population declines
of séveral farmland species. It may be this loss of traditional
food sources that has increased the :necessity. for skylarks to
feed on crops and caused them to become a crop pest.

However, the decline in skylark populations is probably more
greatly influenced by reduced productivity and breeding success.
As has been summarised above, this is dependent upon number of
available territories -and the quality of these territories. For
most bird species, territory availability is reduced by habitat
replacement for agricultural purposes or by increased
urbanisation. In the case of skylarks it seems unlikely that
destruction of habitats, such as hedgerows, will have had much
effect. Theoretijically, increased areas of arable monoculture
should suit this stepe species. However, urbanisation will havé
had some effect. For example, there are reports of skylark
nesting areas being lost to road building (Busche, 1989).

On the other hand, there is strong evidence that as a resuit

of agricultural practices territery quality has been reduced.
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This in turn may have reduced productivity and breeding success’
to the point where populations started to decline. Modern arable
production systems appear to reduce territory quality mainly by
reducing food sources for nesting birds. First, they reduce the
diversity of «crop types and the associated food sources.
Secondly, these production systems require -high pesticide inputs
which affect food chains in the agricultural ecosystem and reduce
the availability of food species fér skylarks and other wildlife.

In addition to reducing food sources, modern agricultural
praqtices have increased the destruction of broods by an increase
in agricultural mechanisation. On grassland, the replacement of
hay méking with silage production means that grass is now cut in
the middle of the breeding season, and more frequently. The
nests are destroyed directly or revealed to predétors, and
breeding success is significantly reduced. The cutting of set-
aside, which is a condition of the scheme, has a similar effect.
Increased intensity in grazing systems also reduces cover for
nesting.'

Perhaps linked with agricultural change and a decline in
gamekeepers (Potts, 1980), has been a dramatic increase in
farmland predators (Game Conservancy, 1992; Marchant et al.,
1990). As skylark breeding success is so- heavily influenced by
prédation, the increase in predators must be influential in. the

population decline.
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5.2.2° Indicator value

As for Chapter 4, on the brown hare, the introduction to the
current chapter raised two questions. First, do we know enough
about skylark biology and ecology to use the species as an
indicator? Secondly, if it can be used as an indicator, which
other species is the skylark likely to represent? In answer to
the first dquestion, the test of indicatqr potential value
described in Chapter 2 has already addressed many of the criteria
for an éppropriate indicator species, .and shown the skylark to
have considerable potential. In addition,. the review of
literature on skylark biology and ecoloéy in the current chapter
has shown that there is considerable, if incomplete information
on this species, and that a practiéal test of its indicator
potential is -worthwhile. This literature review has shown that
the skylark is a common and easily identified farmland species,
and that’ despite its close relationship with agriculture, the
speéies'has showﬁ a significant population decline in Britain and
continental Europe over the last 20 years.. Although a number of
factors may be involved, the most influential causes appear to be
related to changes in agricultural practices (a number of which
have already been discussed in Chapter 3 as occurring in the.
South Downs agricultural ecosystem).

In answer to the second question, the response of the skylark
to changing farming practices may .be representative of the
- response of other species, in particular ground nesting, insect
and seedA eating species, such = as wmeadow pipits (Anthus

pratensis), partridge species (Perdix perdix and Alectoris rufa)
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and corn bunfings (Miliaria calandra). The skylark will probably
be less representative of scrub and canopy nesting species such'
as mistle thrushes (Turdus viscivorus), linnets (Carduelis
cannabina) and warbler species (Silvidae), although, some members
of the latter group use agricultural land close to hedgerows and
woods to feed. Therefore, areas that provide an abundance of
food for skylarks will also provide food for these species.
Skylarks will be generally less representative of predatory bird
species such as kestrels (Falco tinnunculus) and crows (Corvus
corone). However, a decline in skylarks may indicate a decline
in the resources available for wildlife in the downland
ecoéystem, especially in the food chains. Eventually species in
the higher trophic levels will also be affected.

As a result it is suggested that monitoring skylark
populations on farmland may:

* indicate_ differences in the resources available for
wildlife between farms with different management systems.

* indicate if any changes in the resources available for
wildlife occur as a result of introduced environmentally
sensitive farming practices;

* represent the respdnse of other, less easily studied, bird

species to these effects.
5.3 Skylark study methods

The literature does not contain description of any methods
specifically for estimating skylark abundance and monitoring
their nesting behaviour over extensive study areas, although a

number of bird census techniques™- (including point and transect
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census methéds) that could be applied to skylarks have been
reviewed by Bibby and Burgess (1992). Most studies have been
conducted over relatively small areas and rely on the flushing of
birds or continuous observation over periods of time (Delius,
1965; Green, 1980; 1987; Marchant et al., 1990). However, a
method for estimating numbers and sizes of territories has been
described (Marchant, 1983), and extensively used in the British
Trust for Ornithology's (BTO) Common Bird Census (CBC). The
locations at which members of a breeding pair are observed are
mapped during ten visits to an area. The mapped location points
are then enclosed with a line to indicate the boundaries of each
ﬁerritory. The method has been applied to many species, but is
particularly reliable when applied to skylarks, which perform

readily observed territorial behaviour and nest in the open.
5.4 Methods used in the current research

The method used to estimate skylark abundance in the current
research was based on the territory guarding behaviour of male
skylarks, and this behaviour is discussed here in detail. - Male
skylarks defend their nesting territories with a characteristic
éong—flight. 'The bird rises with quivering wings, beginning the
song when a few feet up; then its whole body vibrating with
energy, it mounts higher and higher, often drifting round in a
wide arc before it descends, still singing. When yet at é
height, the song ceases and the bird drops abruptiy, recovering
itself a foot or so above the grass and skimming forward before

alighting' (Coward, 1925).
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The 'vehemence and continuity [of the song] are remarkable'
(Coward, 1925) and skylarks are able to mimic the song of other
birds to some extent (Coward, 1925; Walpole-Bond, 1938). Male
skylarks may sing throughout much of the year, but especially
during the nesting season. At this time of year song-flights may

be made from before dawn until dusk (Coward, 1925) and even at

night (Walpole-Bond, 1938). The males may also sing from the
ground or suitable perches such as fences or walls. It is rare
for them to sing from trees or bushes. Ground song occurs

especially when the birds are pairing (Coward, 1925; Clark,
1947) . During courtship rival males sing vigorously while
fighting (Coward, 1925).

Although there are reporfs of occasional. song behaviour in
female skylarks (Delius, 1963), there are no reports that females
perform true song-flights. Similarly, there is no evidence that
juveniles or adult males without a térritory perform true song-
flights.

An average song length of 2.2 minutes has .been estimated
(Rollin, 1931). Length of song increases as the breeding season
gets underway (Rollin, 1931) and singing activity is greatest in
July (Rollin, 1931; Walpole-Bond, 1938; Clark, 1947). At this
time average éong length has been estimated as 2.7 minutes,
although song-flights of as long as an hour have been observed
(Rollin, 1931). There are opposing views about song behaviour
during the incubation period. One report indicates that thé
males are relatively quiet when nests are being built and eggs
incubated, and that song is resumed when the young are being fed
(Clark, 1947). However, another report suggests that song-flight

behaviour is at its greatest duxring incubation (Delius, 1963).
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The birds tend to bg quiet during'August and September (perhaps
while mouiting) and between mid-November and mid-March (Rollin,
1931; Walpole-Bond, 1938; Clark, 1947).

In the breeding season the male skylarks ascend higher during
their song-flights than at other times. of year (Coward, 1925), to
a height of about 100m (Suzuki et al., 1952).

Although weather conditions may affect winter and autumn song
behaviour, they generally have 1little effect in the breeding
season (Clark, 1947). In fact, skylarks have been observed
singing in a March snowstorm (Clark, 1947). However, the onset
of singing activity at the beginning of the breeding season may
be delayed by frost or snow. (Clark, 1947). Fog affects song
behaviour at all times of year. In foggy conditions, the birds
tend to sing in sight of the ground (Clark, 1947) and their song
has a squealing note (Walpole-Bond, 1938).

.There is little reference to the subject of the effect of
time of day on song-flight behaviour in the literature, although
one report suggests that frequency and length of song—flightS'do

_not vary with time of day (Delius, 1963).
5.4.1 Pilot study

Using this knowledge, a census walk method for estimating
skylark breeding population density was investigated during the
spring and summer of 1992. The estimation was based on counts of
singing male skylarks made during walks along a 1.25km transect
across Offham Farm, Lewes. This transect was chosen to follow
existing paths and tracks, and designed to represent the types

and the proportions of all crops and habitats on the farm.
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It was assumgd that each singing male skylark had a mate, was
holding a territory and therefore represented a breeding pair.
Singing larks that could be heard or seen without the aid of
binoculars were counted. In most conditions birds could be heard
singing up to 200 metres on either side of the transect path. It
was important that birds could be heard as they Qere sometimes
difficult to detect by sight alone. Although the birds could
rise to a height of 100m metres or more (exact heights were
difficult to estimate), no birds were heard ;hat could not be
seen with careful searching.

A population density of breediﬁg skylark pairs was estimated
by dividing the number of singing skylarks by the area of the

transect:

Pairs of skylarks/km2 = number of singing males x100
area of transect (ha)

5.4.2 Weather conditions and time of day

It was suggested that a transect method for estimating
populations of breeding skylark pairs (described above) could be
a reliable measure for comparing abundance between farms,
provided that the effects of time of day, weather conditions and
time in the breeding season on male song—flight.behaviour were
taken into account. (John Marchant, personal communication). In
order to investigate these effects the number of singing male
skylarks counted along the 1.25km transect on Offham Farm was
recorded on 32 occasions. These counts were made at different
times of day (relative to sunrise) throughout April, May and June

1992 (breeding season 1992). Some of these counts were made on
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the same day, others on different days. Further data were
collected from the same 1.25km transect the following year
(breeding season 1993) to support these observations. This. time,
a series of 24 counts was made on one day (March 20). On this
occasion, the first count was made at. sunrise and, thereafter,
subsequent counts were made every half hour until 1750. The
investigations made on March 20 resulted in 30km of continuous
walking (Appendix E).

There was no discernible relationship between song-flight
behaviour and air temperature, atmospheric pressure or cloud
cover. Generally, éihging continued in rain, but it was not
possible to tell if the birds were singing in heavy rain, as they
could not be seen or heard. Therefore, counts were not made in
Very wet weather. For similar reasons counts were not made in
foggy weather. It was not possible to count birds by sound alone
in these conditions, as their behaviour seemed to change in. fog
(or at least their song was distorted) and it was difficult to
tell how many birds were actually singing at a time. No
particular change in song-flight behaviour was detected as the
breeding season progressed. However, time of day did appear to
influence song-flight behaviour (Fig 5.1a, for observations made
in 1992, and Fig 5.1b, for the observations madé in 1993).

These graphs show that skylark singing activity rises to a
peak in the morning and then declines as the day progresses.
Counts should be made between two and six hours‘after dawn t6
give reliable and representative estimates of ‘the number of
breeding pairs along a transect. Counts made later in the day
are less representative of the number of territory holding males,

and also subject to greater variance in the number of males



145

Figure 5.1 (a) the percentage of skylarks singing along a

transect across farmland at different times of day, on different

days, throughout the 1992 breeding season, and (b) The percentage

of skylarks singing along a transect across farmland at different

times of day, on the same day (March 20) in the 1993 breeding

season.
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1ike1y to be singing. This behaviour pattern is similar to that
observed in other soﬁg bird species (Robbins,. 1981), alfhough it
is at wvariance with the observations of Delius (1963), who
reported that in his study afea skylark song—fiight behaviour did

not vary with time of day.
5.4;3 Territory mapping

During the walks across Offham, to establish the reliability
of the transect method for estimating breeding skylark density,
some estimates of the locations of territories were made. A
method similar to the CBC territory mapping system was used (see
Marchant, 1983, for details of the method). On each walk along
the transect the location of each of the singing skylarks present
was recorded on a map. The information from each walk was then
added together on one mwmap, giving a rough outline of the

territories held by different skylarks.
5.4.4 1992 survey

The results of the Offham Farm studies led to two counts
Being made along representative transects on the other study
farms during the breeding season of 1992. First counts were made
once on 16 farms and then a second count was made on 12 of these
farms. Counts were always made within two to six hours after
dawn and where possible commenéed about four hours after dawn.
The ‘counts took, depending on farm size between one and three
hours to complete. The first counts were made between April 15

and May 15, when pairs were 'éttempting their first broods
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(referred to as first brood period), and the second counts were
made between May 15 and June 15, when pairs were attempting a
second brood or re-attempting a first brood (referred to as

second brood period).
5.4.5 1993 survey

In the breeding season of 1993 the same transects were again
walked on each of the 16 farms that had been studied in 1992.
Although crop rotation caused some changes in the proportions of
some habitat types between periods, on the whole the transects
remained representative of the farms they crossed, and transects
were only modified, where necessary, to include set-aside. In
addition, one more farm, where hare survey work had been
conducted, was included in the skylark investigation.

In 1993 two counts Were made along each transect on 17 farms.
The first of these (first brood period) were made between April
10 and May 1, and thé second (second .b;ood. period) was made
between May 15 and June 15. Tﬁis allowed a count before and
after May 1, the date at which legislation allowed farmers to
cultivate or top rotational set-aside to control weeds. The
location of wintering skylarks was recorded during field walks in

the winter to map crop types.
5.4.6 Reliability of data

Unlike the hare study, the skylark study had no alternative
¢
sources of data on skylarks in the study area to back up the

information collected from the transect walks. Although the

>
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study area farmers were aware of skylarks and could identify them
when they were singing, -most of those interviewed were not
particulérly interestéd in them and could provide no useful
information about their numbers or behaviour. In addition, the
majority of farmers did not have an opinion as to whether the
population on their farm had changed over the last five years or
longer periods of time. As skylarks are not currently a human
food source, do not attract poachers onto farms and are not a
crop pest on the South Downs, they do not receive much attention

from farmers.
5.5 Results
5.5.1 Population trend

| The‘results described in this chaptef are based on analysis
of’ data found in Appendix E. The average density of skylark
breeding pairs over thé whole area surveyed shéwed a big increase
in numbers  during the first two study years. Tﬁere were
approxiﬁately twice as many breeding pairs in the surveyed area
in 1993 as in 1992 in both the first and éecond brood periods
(Fig 5.2). Few wintering skylarks were seen. These were usually

on stubble fields.



149

Figure 5.2 Skylark breeding  pair abundance (mean numbers and
standard errors of singing males/km? of farmland) in the 1992 and

1993 breeding seasoné
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5.5.2 Factors affecting nesting populations
(a) Vegetation height

Skylarks tended to site their nesting térritories in areas
where the vegetation was between 15 and 25cm in height, and not
too dense. This meant thaf woodland and scrub were avoided.‘
Similarly, if. the height of the vegetation was reduced below 15cm
or grew up above 25cm while skylarks were using an area they .
tended to move and re-establish é. new territory in vegetation
which was within their preferred height range.  Vegetation in
this heighﬁ range provides sufficient cover for the birds and
their nests, and supports the invertebrates on which the chicks
are fed (Poulsen and Sotherton, 1992)/ but it is not too ;all for

the skylarks to walk through (Schlapfer, 1988).
(b) Arable crops

As a resﬁlt, in the first brood periods of 1991 and 1952
larks used winter sown arable crops for nesting, but avoided the
recently sown and, therefore short, spring arable crops. In the
second brood period they moved out of the winter arable crops as
the crops grew too tall. They then established territories in
spring arable crops.which had by this time begun to grow. The
movement of larks between :crop types on Offham Farm is
illustrated in Fig 5.3. This figure shows that  the fields sown
in the spring with linseed and barléy on this farm, were not used

by skylarks until the second brood period. This figure also
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Figuré 5.3 Location -of skylarkf nesting. territories on Offham

Farm, 1992 breeding season
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shows that skylarks held-territories in the crop of winter wheat
during both brood periods, which is unusual. The tendency for
skylarks to move from winter sown arable crops to shorter spring
sown crops between the first and second brood period is further
illustrated in Figs 5.4a, for the 1992 breeding season, and 5.4Db,
for the 1593 breeding season, and summarised for both‘years in
Table 5.1. These figures and table show the mean density of
nesting pairs of skylarks in different crop types in first and
second brood periods across the whole sfudy area in the two
survey periods. Analysis of variance was attempted to further
investigate habitat use by the nesting larks, but limited data
and a large number of variables meant that there were
insufficient degrees of freedom to allow a meaningful
interpretation of the results. The information in Fig 5.4a and
Fig 5.4b can only be used as an indication of the nesting -

behaviour of the larks.
(c) Grassland

With the exception of four farms with dairy herds, much of
the grassland (approximately 80%) in the study area was in the
ESA scheme. As this could not be topped or mown until July 16,
it provided suitable nesting habitat for the 1larks throughout
both brood periods, provided it was not too heavily grazed. In
addition, the larks using it tended to keep the same territories.
This is illustrated for Offham‘Farm in Fig 5.3, which shows that
ESA grass, which was heavily grazed by sheep, was generally
deserted by the second brood period, but ESA grass which was kept

for a hay or silage crop and therefore not grazed or mown until
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after July 16, was used by nesting skylarks in both the first and
second brooa periods. | |

Downland turf, which was often shorfer than 5cm, and oftén
associated with areas of scrub, was not a preferred nestihg
habitat in either brood period. This is illustrated in Fig 5.4a,
for the 1992 breeding season, and Fig 5.4b, for the 1993 breeding
season, and summarised for both years in Table 5.1. In the first
brood period of 1992 no skylarks were observed holdihg
territories over downland turf, although some territories were
situated in downland turf in the‘second brood period. In 1993
doﬁnland turf was used for nesting by skylarks, but to a lesser

extent than other habitat types.
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Figure ‘5.4a Use of farmland habitats by nesting skylarks over
the whole study area in the 1992 breeding season, indicated by

mean numbers and standard errors of singing male skylarks/km2 of

~each habitat type. KEY: WA, winter arable, GR, grass; SA,

Skylark breeding density

spring arable; DT, downland turf. There was only a very small

area of set-aside in the study area in the 1992 breeding season.
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Figure 5.4b Use of farmland habitats by nesting skylarks over
the whole study area in the 1993 breeding season, indicated by
mean numbers and standard errors of singing male skylarks/km2 of_
each habitat type. KEY: SS, set-aside; TS, topped set-aside; CS,
cultivated set-aside; WA, winter arable, GR, grass; SA, spring

arable; DT, downland turf.
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Table 5.1 Summary of the comparative use of farmland habitats by
nesting skylarks. Key: WA, Qinter sown arable crops; SA, spring
sown arable crops; SS, set-aside; TSS, \topped set-aside; .CSS,
cultivated set-aside; GR, grassland; DT, ddwnland turf. (1

indicates greatest use, 6 indicates least use).

Comparative use

1 2 3 4 5 6
1992 .
15t prood WA GR " SA (DT not used)
274 prood  SA WA GR DT
1993
15t prood  SS WA GR SA DT
274 prood  TSS SA - GR WA css DT

(Scrub and woodland not used in either year)
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(d) Rotational set-aside

The only area of nén—rotational set-aside in the study area
during the 1992 breeding season was on Offham Farm (Fig 5.3).
This provided perfect nesting conditions for skylarks and was
used in both the first and second.brood periods. The rotational
set-aside schemé which was introduced at the end of 1992 also
provided ideal nesting conditions. Singing male skylarks were up
to six times as abundant on rotational set-aside land as on other
habitat types in the first brood period. This is illustrated in
Fig 5.4b, which shows the mean density of singing male skylarks
in different habitat types over all 17 farms in the study area.
The high density of skylarks was probably because the set-aside
had not been sprayed and was providing cover and an abundance of
invertebrate food species. In the second brood period topped
set-aside was still a preferred habitat; but many territories on
cultivated set-aside land were deserted. Young larks which couid
fly were observed to sufvive cultivation, but eggs and chicks in
nests will have been destroyed. 1In the case of topped set-aside,
nests may have survived topping but may then have been revealed
“to .predators, as in a similar study' by Poulsen and Sotherton

(1993).
({e) Shelter

Results from subsequent related research indicate that
skylarks position their territories in sheltered areas of fields,
especially in very open downland (Wakeham-Dawson and Aebischer,

unpublished data) .
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(f) Other farm enterprises and pesticide use

The density of singing male skylarks/km2 of transect was
estimated for each study farm during the first and second brood
periods of 1992 and 1993. These results are illustrated in Fig
5.5a, for the 1992 breeding season, and 5.5b, for the 1993
breeding season. .Analysis revealed no significant correlation
between skylark density- and farm habitat diversity (first brood
pefioﬁ 1992, F3,74 = 2.8 NS; first brood period 1993, Fj, 615 =
1.5 NS), or any particular management practice on these farms.
In the case of management practices, limited data and a large
number of variables reduced the degrees of freedom necessé.ry for
a 'meaningful analysis of variance. However, from the results
reported in the chapter on Brown hares, it can bé seen that as
hares have a relatively large range and will use ‘the Qhole area
of a farm, their population density can be related to particulér
farm management systems and the overall intensity of management
on a particular farm. Perhaps the reason why skylark breeding
density cannot be related, in a similar way,. to overall farm
management 1is because their choice of nesting territory is
determined by more localised factors such as vegetation height,
food availability .or shelter from the prevailing wind.

It should be noted that although no clear trends can be shown
over all the study farms, there were specific instances where
skylark abundance on some farms was linked to specific management
'practices. For example, in 1992 (Fig 5.5a), nest.ing skylarks
were particularly abundant on Farm O where there was a large area
of ungrazed ESA grassland in the_second brood period. Skylarks

were also abundant during both the first and second brood periods
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Figure 5.5a Density of nesting skylarks, indicated by the number
of singing male skylarks/kmz, on each' of 16 -study farm in the
first and second brood periods of the 1992 breeding season.
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Figure 5.5b Density of nesting skylérks, indicated by the number
of singing male skylarks/kmz, on each of 17 study farm in the

first and second brood periods of the 1993 breeding season.
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on Farm L, which had large areas of winter and spring sown
arable. This was also still a particularly good farm for
skylarks after whole farm reversion to ESA grassland, despite
heavy grazing pressure. Conversely, nesting skylarks were less
abundant during the second brood period on Farm C, as the whole
farm was in winter wheat which had grown too tall, and on Farm F,
as a large area of grass had been mown for silage.

In 1993 (Fig 5.5b), nesting skylarks were abupdant on Farm C
during) the first brood period, as the whole farm was in
rotational set-aside. However, by the second brood period the
set-aside had been cultivated, making the farm less attractive to
skylarks. ‘Similarly, skylarks were abundant on Farm H during the
first and second brood periods, as a large area of the farm was
in rotational set-aside, which was not cultivated until after the
farm was surveyed in the second brood period. Farm O had an
abundance of skylarks in both brood periods because it provided a
large area 6f under-grazed ESA. Skylarks were particularly
abundant on Farm Q' in both brood periods, because of .the
sensitive use of agricultural chemicals and the traditional ley-
arable rotation system which are practised on this farm.
Management of this nature probably encourages an abuﬁdance of
invertebrate food species, which nesting skylarks can use for
their chicks. |

Skyiark abundance was low, as it had been in 1992, on Farm F
in the second brood period, as largg areas were mown for silage.
Skylark abundance was also low on Farm J in second brood period,
as it had a large area of closely grazed ESA graésland.

From these specific instagqes, it would appear that

rotational set-aside and ESA grassland can be beneficial to
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nesting skylarks if managed sensitively to keep vegetation at a
suitable height to provide cover. In. addition these schemes
provide nesting habitats that are more suitable for skylarks than
those available on aréas subject to intensive mechanisation.
These instances also suggést that the greatest densit& of nesting
skylarks can be supported within a grass-arable rotation system
where there 1is a sensitive use of agricultural pesticides.
However, these éonclusions are tentative and need further

investigation.
(g) Predators

Few of the farmers interviewed-coﬁld recall ever having found
a skylark nest or having found any damaged nests. During the
current research, crows were often observed foraging on grassland
where skylarks were nesting, but analysis did not reveal any
correlation between predator control and 1lark abundance.
Gamekeepers control .crows and magpies which are both predators of
skylark eggs and nestlings. It is possible that the effects of
predation on skylarks can only be revealed by a study of breeding
success. ‘Perhaps breeding succeés is greater on farms where
corvid predators were controlled, even though the abﬁndance of
larks attempting to breed, albeit 'less, succéssfully, is not

affected.
5.5.3 Summary of results

The abundance of nesting skylarks in the study area was

controlled mainly by localised factors which affected the
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availability of suitable nesting territories.  Habitat types that
‘ provided suitable nesting cover and, presumably food for adults
and chicks, supported denser nesting populations. The birds
‘tended to move territories if vegetation grew too tall or was
grazed or mown very short. There was no significant correlation
between any particular farm management practice or farm habitat
diversity over the whole study area, but breeding skylark density
tended to be lower on areas of farms where there was intensive
stocking or silage making.

The introduction of rotational set-aside was generally
beneficial to skylarks as it provided good nesting territory,  but
topping activities méy have resulted in the loss of nests and
broods. The introduction of ESA grassland was beneficial to
skylarks if not grazed too intensively..

The implications of these findings for the use of the skylark
as an indicator species in monitoring environmental change will

be discussed in the final chapter (Chapter 6).
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Chapter 6 Summary and Conclusions
6.1 Hares, skylarks and modern agriculture

The results of the current research, and reléted research
reviewed in this thesis:
(1) suggest that populations of both hares and skylarks are
affected by the management practices farmers adopt.
~(2) provide examples, albeit in some cases'anecdotal, of the
ways in which crop type and crop rotation systems, _timing of
field operations, use of machinery, grazing management, and the
use of agricultural chemicals on farms'may affect the ecology of
both species.
(3) indicate that environmentally sensitive farming practices

can be beneficial to both species.
6.2 Hares, skylarks and environmentally sensitive agriculture

It is important to note, however, that legislation designed
to encourage less intensive and more environmentally sensitive
agriculture is not automatically beneficial to all wildlife.
While rotational set-aside is potentially a good habitat ﬁype for
hares and skylarks, the ways in which farmers are encouraged to
manage ‘it need modifying before benefits to wildlife are
optimised. .For example, thé timing and methods of weed control
on set-aside need to be reviewed to prevent set-aside becoming a
wildlifé 'ambush' . Hares and skylérks attracted onto the set-

aside land can be killéd or revealed to predators. by the
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ploughing or topping operations required as a condition of set- .
aside payment (Poulsen and Sotherton, 1993). However, it should
be noted thaf some modifications have already been made since the
start of the current study, allowing farmers to use pesticides
that will kill weeds but leave cover for animals using the set-
aside (MAFF, 1993).

The current research suggests that Environmentally Sensitive
Area (ESA) grassland, as yet, appears to be far from satisfactory
for either hares or skylarks. This is especially the case where
large areas of farms have been placed in the scheme and livestock
are allowed to roam freely, making the whole area unatﬁréctive to
hares. Although undergrazed ESA provides good nesting cover for
skylarks, the birds avoid fields where the grass is grazed very
tightly. As MAFF recommends that ESA grass is kept below 10 cm
in height, current ESA management recommendations are unlikely to
favour skylarks if adhered to closely. Further research which is
now being undertaken by the Game Conservancy Trust for MAFF,
leading on from the current research, is investigating ways of
optimising ESA grassland as farmland .bird. habitat. The new
research will be investigating aspects of ESA management such as
the seeds mixtures sown and the ways in which the grassland is
grazed.

Research reviewed in this thesis suggests that hares and
skylarks thrive best on farms where there is a mixed grass and
a;able‘rotation. ‘These conditions ensure tha£ weed plants and
invertebrate life can flourish and, in so doing, provide food for
wildlife (Sotherton, 1992: Aebischer, 1993). Perhaps legislation
to encourage mofe environmentally_sensitive agriculture would be

of greater value to species such as hares and skylarks if aimed
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at generally reducing the intehsity of production within
traditional arable rotation systems, rather than by entering
large areas of downland to grass. For example, winter stubbles
and rotational set-aside which are so attractive to nesting
skylarks and hares feeding in the winter, are a product of an
arable system. These are lost when large areas of downland are
converted from arable to ESA grass. Although, setting aside some
areas of farmland may result in a continuation or intensification
of management which can be unfavourable to wildlife on the areas
remaining in production. However, the new area payment scheme
for arable support introduced in 1992, which accompanies the set-
aside policy, may be influential in reducing the intensity of
mechanical and chemical use on farmland, as it discourages high
input-high yield production systems. This is because the new
scheme, unlike-its predecessors, makes arable support payments to
farmers on the basis of production area, rather than of yield.

The conservation of existing downland turf and the creation
of new areas of downland turf are important management aims.
However, many of the fields being put into arable reversion may
not have the specialised environmental conditions (such as very
shallow, nutrient-poor soils) to allow downland turf to develop,
especially if sown with rye grass and white clover. In these
areas, current ESA management recommendations are producing a
species-poor grasslénd monoculture of low value for wildlife
conservation and of no value to agriculture. This grassland
monoculture may match an idyllic view of how the South Downs once
weré, but (as discussed in Chapter 1) history provides no
evidence that the South Downs were ever a grassland monoculture.

Although it is true that the balance between grassland and arable
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has been in a state of constant flﬁx over the centuries and the
area of grassland has been greater at’ some times than others,
there has always been a mixture of arable crops and grassland.
It is to this mixture that many downland wildlife species are
adapted.

Certain areas which are likely to revert to true downland
turf should perhaps be targeted and managed accordingly. The
remaining areas should be managed differently to optimise their
value to farmland birds and other forms of wildlife, which 1like
the  chalk grassland itself, have adapted over the 1last six
thousand years or more to a cultivated agricultural ecosystem.
The answer; though an unconventional approach, would be to modify
the ESA schemes to incorporate some low-input arable production
options. For example, spring-sown arable crops could provide
nesting habitat not only for the species which currently nest in
downland, but for other species such as lapwing and stone curiew'
(Burhinus oedicnemus) which have  become increasingly fare
(Marchant et al., 1990) . Inclusion of 1low-input arable
production options in the ESA schemes would also ensure the
conservation of rare arable wildflowers that grow on light soils
and cannot survive in a competitive, permanent grass sward
(Wilson and Sotherton, 1994). Inclusion of arable options in the
downland ESA schemes would also ensure that sufficient sheep
could be supported on farms to provide the intensive grazing that
true areas of downland turf require (Paul Wakeham-Dawson,

personal communication) .
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6.3 Hares and skylarks as indicators

Indicator potential value (IPV). How in practice did hares
and skylarks fulfil the criteria which were used to select them
as potential indicators in Chapter 2? |

Nine criteria were used to select vertebrate indicators for
this study. The aim of the selection procedure was to identify
downland species (1) whose ecology was well understood, (2) which

were not affected by regular population cycles .or other factors

unconnected from the impact of the factors being studied, (3)
which were adapted to agricultural ecosystems, (4) which were
habitat generalists, (5) which were abundant, (6) which were not

farmed or (7) controlled as a pest, (8) which were easy to study,
and (9) which were resident within the study area.

Both species satisfied Criteria 3, 5, 6 and 8 in a manner
that the initial literature review had suggested they might, and
in\retrospect, the exclusion of criterion 1 from the selection
process is justifiable in that the ecology of all the species
originally 1listed is well understood. In particular, the
considerable information available on hares and skylarks is
illustrated by the 1literature reviews in Chapters 4 and 5.
However, in the other criteria there were some differences in the
way the initial 1literature review had suggested hares and
skylarks could act as indicators and the eventual findings of
this research. In particular, the present study reinforced an
understanding of the large effect of predator control on hare
ecology. As predator control can over-ride the effects of other
ecological factors on hares, it weakens their potential as

indicators of the effects of agricultural management practices
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(criterion 2), unless it is specifically taken into account. An
additional criterion, which states that species affected by
predator control are.unlikely to make ideal indicators, should be
added to the selection procedure for ‘identifying potential
indicator species. This study did not provide conclusive
information on the effects of predator control on skylarks. The
study reinforced the evidence that slearks avoid scrub and
‘woodland and are not habitat generalists (criterion 4). It
showed that they also avoid downland turf. As downland turf is
an important habitat type in the downland ecosystem and its re-
establishment is an aim of some environmentally sensitiQe grant
schemes, this weakeqs the indicator value of skylarks and their
use in moﬁitoriﬁg the beneficial outcomes of such schemes. But
it does re-inforce that species like skylarks are adapted to open
arable land and not downiand turf, the habitat type which current
ESA management is attempting to create. On the whole hares were
not shot as pests, but in cases whefe they were, their indicator
value was reduced. The effects of undetected poaching also
reduces their indicator value. Although hares were observed to
be resident on the study area all year around, very few skylarks
appeared to be present in the winter. This reduces the indicator
value of the skylarks, as.they will have been affected by factors
outside the study area during the winter (criterion 9).

Despite these limitations, the current bresearch has shown
that brown hares can be used to provide an indication of the
intensity of management over whole farms. This 1is probably
because hares tend to use a relatively large home range. Nesting
skylarks, however, have a relatively small territory, and where

they chose to hold a territory is influenced by very 1local
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factors at £field level. For this reason,. counts of nesting
skylarks made along transects cannot be correlated. with global
farm management. However, skylarks can be used to assess the
effects of management practices within specific crop types. This
is well iilustrated by the way skylarks respond to grazing
intensity and set-aside management.

Measufing the response of hare and skylark populations to the
introduction of new management schemes obviously indicates the
effects of environmentally sensitive legislation on the species
themselves. But to what degree are their responses
representative of the ways in which other vertebrate species in
the downland ecosystenf are affected? To some extent this. is
still speculative and cannot be fully answered from the results
of the current research. However, there is good evidence from
the current study itself and from other sources within the study
area to support the view that other downland vertebrates respond
to farm management practices in similar ways to hares and
skylarks. For example, Applesham Farm (Q), where hare and
skylark populations thrive, supports an abundance of grey-
partridges and corn buntings (Dr Dick Potts, personal
communication; Rebecca Ward, personal communication; Wakeham-
Dawson & Aebischer, unpublished data). It appears that all these
ground-nesting bird species benefit from the traditional ley-
arable rotation and sensitive use of agricultural chemicals that
are practised on this farm.

The- results of the current research suggest that the use of
indicators such as hares and skylarks has great potential for
monitoring in the downland ecosystem. This potential could be

further enhanced by (1) the use of a number of indicator species
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which could represent environmental changes within all the
habitat components of the downland, (2) an assessment of changes
in productivity and breeding success of indicator species to
accompany investigations of abundance (Van Horne, 1983); this
could reveal responses to more environmentally sensitive farming
that are not indicated by changes in adult abundance alone, and
(3) experiments to quantify why some areas of farms are favoured
by the chosen iﬁdicator species. In particular this should
include an investigation of floral and invertebrate diversity, as

these organisms provide food for vertebrates.
6.4 Conclusion

Hares and skylarks are easy species to survey. Both species
can be affected by the ways farmers manage their land. With
careful management environmenfally sensitive farming schemes in
the South Downs could favour both species. Encouraging farming
practices that favour these species is a worthwhile aim in
itself.. In addition, if further research supports the evidence
provided tentatively here that their response to farm management
practices is indicative of the response of other species, census
of these species would.be a valuable component of wmonitoring in
the downland ecosystem. Their study would complemént the
monitoring of botanical species for which MAFF is responsible in

the South Downs ESA.
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Appendix A List of the species discussed in Chapter 2

Broﬁn hare
Wood mouse
Hedgehog
Common shrew
Badger

Mole

Rabbit

Pygmy shrew
House mouse
Field vole
Harvest mouse
Bank vole
Fox

Dormouse
Squirrel

Roe deer
Weasel

Stoat
Skylark

Lapwing

Lépus europaeus
Apodemus sylvaticus
Erinaceus europaeus
Sorex aranaeus
Meles meles

Talpa europaea

Oryctolagus cuniculus

. Sorex minutus

Mus musculus

Microtus agrestis
Micromys minutus
Clethrionomys glareolus
Vulpes vulpes
Muscardinus avellanarius
Sciurus carolinensis
Capreolus capreolus
Mustela nivalis
Mustela erminea

Alauda. arvensis

Vanellus vanellus

French partridge Alectoris rufa
Grey partridge Perdix perdix

Meadow pipit Anthus pratensis
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Appendix B The farmer questionnaire

As you know I'm trying to estimate the size of the populations of
brown hares and skylarks on the Downs between Lewes and Worthing.
I'm also interested in the way farm management practices affect

these species.

This questionnaire has six parts and should not take long to

complete.
All information is confidential.

Part 1: Hares and Larks

é) Do you see hares oﬁ the farm regularly?

b) Roughly how many do you see.on your farm?

c) Please indicate on the map where you see them.
d) Which crops do you see them in?

.crop type day/night time of year (eg season)
winter cereals

spring cereals

stubble

*ley grass

*permanent pasture

*ESA grass

set-aside

oilseed rape

linseed

beans

other
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*stocked & unstocked
e) Have hare numbers changed on this farm in the last five years?
f) Over the last 20 years? (if applicable)

g) Do you have any opinions as to why this may be?

h) Have you found any dead hares?
Where?
At which time of year?

‘Do you know or can you suggest why they died?

i) Do you see larks on the farm regularly?

j) Roughly how many on your farm?

k) Please indicate on the map where you see them.
1) Which crops do you see them in?

crop type day/night ' time of year (eg season)
winter cergalé |

spring cereals

stubble

*ley grass

*permanent pasture

*ESA grass

set-aside

oilseed rape

linseed

beans

other

*stocked & unstocked
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m) Have lark numbers changed on this farm in the last five years?
f) Over the last 20 years? (if applicable)
g) Do you have any opinions as to why this may be?
h) Have you found any dead larks or damaged nests?
Where?
When?

Do you know or can you suggest why they died?

Part 2: Predator control.
I'm interestéd in what effects predator control may have on these.
species.
a) Do you run a shoot?
b) Employ a keeper?
c) Allow others to shoot on your farm?
d)'Shoot to control pests?
e) Which species do you control as pests?
time of year methods no.killed

foxes
rabbits
hares |
Crows,
magpiés
pigeons
:others
f) Have you noticed any dramatic changes in the numbers of any of
these species on the farm in the last five years ?

Over the last 20 years? (if applicable)
g) Do you have trouble with hare pgachers?

please could you elaborate?
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h) Do you allow the foxhounds over your land?

i) Do you allow the beagles over your land?

Part 3: Arable crop management.

a) Please outline your general crop rotation.
b) How has this changed in the last five years?
¢) Why have you made these changes?

d) Which chemicals do you apply to your winter wheat?
Type no.applications rate

herbicides

fungicides

insecticides

fertiliser

growth regulators

Part 4: Grassland management:
a) Please indicate on the map where you have:
i) ESA grassland: | |

existing dowhland grass

arable reversion grass (rye-grass or traditional species?)
ii) Permanent pasture (nqt_ESA)
iii) Short-term ley grass
iv) Other |
b) Do you intend to inérease or decrease ESA grasslahd area?
c¢) How often do you cut silage?

dates?
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d) Do you make hay?
cutting date?
e) What chemicals do you apply to your grassland?

Fertiliser: nos of applications? rate?

Herbicides: nos of applications? .rate?

f) Stocking:
What types of grazing stock do you keep?
Type Number period of year at grass
Sheep
Beef
Dairy cows
Horses

Others

g) Has your overall stocking rate (per forage hectare) changed

with the introduction of ESA ? In what ways?

h) Have you.cieared scrub?
i) Removed/planted trees or hedges ?
j) Do you have conservation headlands?

Part 5: Rotational set-aside management.

a) How did/are you maﬁaging your rdotational set-aside ?
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1992/93 1993/94
Regenerated stubble ?
Planted cover crop ?
type?
b) Do you intend to cultivate the set-aside to control weeds?
when ?
¢) Do you intend to top the set-aside?
when ?

d) Do you have a reason for the timing of these operations?
e) Do you have other set-aside schemes?
Part 6: Wildlife and conservation in general

a) What interesting wildlife do you have on the farm?

b) Do you take any measures to conserve these species?

what?

¢) Which of these interesting species have you seen on
the rotational set-aside?
ESA grassland

other crops ?
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d) Have you asked for/received conservation advice on the farm?
From who?

What did it concern? (game management, tree planting, ponds,

whole farm plan?)

e) Did you burn straw?

f) What are you doing as an alternative?
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Appendix C1

Table C1l Relative fox control effort, approximate number of
hares shot over study period and presence or absence of rabbit
control, beagling and reported hare poaching during study period

on study farms.

Farm Foxes Hares Rabbits Beagling Poaching
A 75 < 5 yes. yes yes
B . 37 no yes yes yes
C .0 no - . yes - no ~ no
D No report no yes yes no
E 60 no | yes yes yes
F 0 no yes yes yes
G 0 no yeé yes’ no
H 75 < 5 yes yes Yes
I 0 no yes no _ no
J .100 10+ yes yes yes
K 100 . 10+ yes yes yes
L 40 no yes yes no
M 100 143+ yes yes yes
N 100 20+ yes yes. no -’
0] 0 0 yes no no
P 3 0 yes yes no

Q 0 0 yes no yes -
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Appendix C2 Negative binomial distribution

Table C2a Expected and observed distribution of hares among 121
spotlight samples made on 10 -farms in winter 1991/92. The
expected values were estimated using the negative binomial
distribution function, and an estimate of k (a parameter of the
distribution) based on the iterative'equation:

klog(l+mean hares per sample/k)= log(N/y)
where N is the number of spotlight samples and y is the number of

samples with no hares (Poole, 1974). k was estimated as 0.367.

No. samples:

No. hares/sample observed expected x2
0 90 90 0.00
1 ' 15 18.3 0.60
2 S 6.9 2.44
>3 5 5.7 0.09

Totals 121 120.9 - . 3.13 (1df) NS



Table C2b The data used to produce Table A2a.

No.

.hares/sample

0

1

A

11

No.

13

8

samples/farm
E G H
9 4
2 2 1
1 0 0
1 1 0
0 0 0]
0o 0 o0

12

208
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Appendix D Brown hare data

KEY

SA, spring arable; WA, winter 'arable; WC, winter cereal; GR,
grass; GR(S), stocked grassland; GR(noS), - unsﬁocked grasslénd;
DT, downland turf (unimproved chalk grassland); SB, scrub; WD,
woodland; P, plough; St, stqbbles; cc, catéh crops (eg stubble

turnips, kale etc); SE, seed-bed; SS, set-aside.
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Table D1 The number of hares seen flushed by the Brighton &
Storrington Foot Beagles (BSFB) on farms where they hunted in the
winters of 1991/1992, 1992/1993 & 1993/1994; and an estimate of
rabbit density (rabbits/ka) on.the study farms in the winter of
1991/1992, calculated from data collected during hare spotlight
counts.

* = no data available.

Farm Hares flushed by BSFE Rabbit density
91/92 92/93 93/94 91/92

A 1 * 1 35

B 0 0 0 231

C * * * 6

D 4 3 5 le.5

E 5 6 6 30

F 0 * * *

G 3 * * 21

H 1 * 1 34

T 1 * * *

J 6 3 6 40.5

K * | * * 40.5

L 4 3 1. 2.5

o ™ o Z2 =R
*
[
*
W
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Table D2ai The area (ha) in each habitat type, total area (ha)
and habitat diversity of each farm in winter 1991/1992. H,
Shannon-Weiner' diversity measure; J, Shannon-Weiner measure of

evenness (relative diversity) (Zar, 1984).

Farm St WC BC DT GR* SB WD P Total H J

A 35 35 0 15 80 0 15 44 224 0.708  0.784
B 20 0 0 41 120 47 25 0 253 0.604 0.669
C 0. 162 0 7 25 20 0 O 214 . 0.345 0.382
D 57 146 5 15 187 80 7 10 507 0.673  0.745
E 71 80 32 28 6 0 12 0 229 0.657 0.727
F 0 145 0 O 82 0 65 40 332 0.557 0.616
G 49 57 0 29 13 4 2 5 159 0.652  0.722
H 0O 67 3 30 15 5 5 21 146 0.654 0.724
I 0O 62 5 20 26 2 17 0 132"  0.613  0.679
J 7 0 0 41 384 17 1 0 450 0.241  0.267
K 0 1791 8 70 8 6 0 272 0.407 0.451
L 161 202 32 27 21 2- 0 0 445 . 0.545 0.603
M 0 444 0 8 11 é 0 0 468 - 0.111 0.123
N 47 33 20 45 244 25 44 108 566 0.741  0.821
o 6 0 0 36 3320 0 0 368 0.139  0.154
P 32 110 10 31 89 8 0 0 280 0.627 0.694
0 24 54 5 30, 1151 0 65 294 0.668  0.740
*Total area of non—ESA grass = 394ha (21% of the total area of

grassland). This was usually associated with dairy farms.
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Table D2aii The area (ha) in each habitat type, total area (ha)
and habitat diversity of each farm in summer 1992. H, Shannon-

Weiner diversity measure (Zar, 1984).

Farm SA WA DT GR SB WD Total H
A 79 35 15 80 0 15 224 0.776
B 35 0 41 105 47 25 253 0.824
c 0O 162 7 0 0 45 214 0.364°
D 38 167 15 200 80 7 507 0.771
E 77 112 28 0 0 12 229 0.630
F 45 122 0 92 0 73 332 0.742
G 52 55 38 8 4 2 159 0.767
H 21' 70 30 15 5 5 146 0.793
I 0 67 20 26 2 17 132 0.713
J 7 0 41 384 17 1 450 0.310
K 54 120 7 €8 7 7 272 0.729
L 161 234 27 21 2 0 445 ‘0.584
M 0 442 7 14 5 0 468 0.150
N 166 33 45 252 26 44 566 . 0.797
0 O 0 36 3320 0 368 0.179
P 32 120 31 89 8 0 280 0.738
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Tabie D2b Total numbers of hares seen on each farm, and the

total area (ha) sampled on each farm by spotlight in winter

1991/1992.

Farm No. hares Sample area
A 1 59.5
B 0 42.0
C 0 . 63.0
D 11 79.0
E 7  63.5
F 0 51.0
G 5 76.0
H 1 29.5
I 1 28.5
J 18 70.0
K 2 51.0
L 3 80.0
M 12 37.5
N 16 93.0
0 0 71.0
P 6 48.0
Q 21 250.0
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Table D2¢ The area (ha) in each habitat type, total area (ha)
and habitat diversity of each farm in winter 1992/1993. H,
Shannon-Weiner diversity measure; J, Shannon-Weiner measure of
evenness (relative diversity) (Zér, 1984) . |

(NB J and H have the same value as there are 10 habitat classes).

F St* WC BC DT GR SB WD .P SE CC Total H
A 0 51 0 15 29 0 15 85 0 29 224 0.694
B 16 20 0O 45 92 43 25 12 0 O 253 0.749
C 162 0 0 7 25 20 0 0 0 0 214 0.346
D 60 69 0 15 207 80 7 33 10 26 507 0.761
E 12 152 15 28 0 O 12 10 0 0 229 10.501
F 38 97 0 0 93 0 65 13 26 0 332 0.699
G 30 58 0 29 19 4 2 17 0 0 159 0.709
H 42 21 0 30 15 5 5 18 .10 O 146 0.824
I 24 32 0 20 32 2 17 0 5 0 132  0.753
J 7 0 0 41 370 17 1 0 0 14 450 0.300
K 30 132 0 8 70 8 6 7 0 11 272 0.633
L 0O O 0 27 3642 1 0 0 0 394 0.130
M 60 374 0 8 11 5 0 0 0 10 468 0.317
N 103 52 0 45 225 25 44 0 56 16 566 0.766
O 0O o0 O0 36 3320 0 0 0 O0 368 1 0.139
P 22 119 0 31 8 8 0 20 0 0 280 0.633
Q 20 32 0O 30 1511 0 48 0 12 294 0.627

*10 study farms had rotational set-aside in the study area, 3
farmers topped their set-aside I(20ha), M(20ha), N(34ha); 7
farmers cultivated their set-aside C(162ha), D(9ha), G(15ha),

H(42ha), K(10ha), P(30ha), Q{(20ha).
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Table D2d The numbers of hares and the habitat types in which
they were present during the first spotlight count of winter
1992/1993 (October). 1In thié table 0 can indicate (1) that there
were no -hares present in a habiéat type, (2) that a habitat type
was not represented on a particular farm or (3) that a habitat
type was not lamped. Reference to Table D2c and Table D2e

indicates which is the case.

Farm ST WwC DT GR(S) GR (noS) TOTAL
A 0 0 0 0 0 0
B 0 0 0 0 0 0
Cc 0 0 0 0 0 0
D 3 0 0 0 2 5
E 0 0 0 0 0 0
F Not counted

G 0 0 0 0 0 0
H 0 0 0 0 0 0
I 0 0 0 0 0 0
J 3 0 4 1 2 10
X 3 2 0 0 0 5
L 0 0 0 0 0 0
M 15 0 0 | 0 A 0 15
N 20 7 9 0 38 74
o) 0 0 0 0 0 0
P 2 5 0 0 0 7
Q 5 0 0 4] 4 S
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Table D2e The areas (ha) of crop types covered by spotlight, in

the first épunt of hares in wintér 1992/1993 (October).

Farm ST wC DT GR(S) GR (nos) P cc SE

A 11.0 0.0 5.5 2.0 31.5 0.0 16.5 "19.5

B 6.5 0.0 2.5 . 0.0 33.0 0.0 .0.0 0.0

C 61.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

D 36.5 0.0 0.0 15.0 10.0 0.0 0.0 15.5

E 4.0 20.0 0.0 - 0.0 0.0 1.5 0.0 64.0
F Not counted ’

G 49.0 0.0 0.0 0.0 21.5 9.5 0.0 0.0

H 32.0 0.0 0.0 8.5 0.0 12.5 0.0. 11.0

I 16.5 0.0 0.0 0.0 3.5 0.0 0.0 10.0

4.5 0.0 15.0 10.0 17.0 0.0 5.5 0.0

13.5 6.0 0.0 0.0, 2.5 4.5 5.5 4.5

0.0 0.0 0.0 50.0 56.0 0.0 0.0 0.0

45.5 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0

. 60.0 10.0 10.0 0.0 20,0 2.5 2.5 12.5

0.0 0.0 0.0 57.0 50.0 0.0 0.0 0.0

16.0 14.5 2.0 0.0 24.0 1.0 0.0 11.5

15.5 3.5 5.0 20.0 36.0 13.0 0.0 0.0

o nvM O 2 =2 P O®” 4
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Table D2f The numbers of hares and the habitat types in which
they were present during the second spotlight count of winter
1992/1993 (December/January) . In this table 0 can indicate (1)
that there wefe no hares preseﬁt in a habitat type, (2) that a
habitat type was not represented on a particular farm or (3) that
a habitat type was not lamped. Reference to Table D2c and Table

D2g indicates which is the case.

Farm ST we DT GR(S) GR (noS) TOTAL
A 0 0 0 0 1 | 1
B 0 0 o 0 ‘ 0 0
C 0 0 0 0 0 -0
D 0 3 0 0 2 5
E 1 2 0 0 0 3
F 0 0 0 0 0 0
G 2 3 0 0 0 5
H 0 0 0 1 0 1
I 0 0 0 0 5 5
J 0 0 0 3 o7 10
K 0 13 ' 0 0 2 15
L 0 0 0 0 0 0

Not counted.

M

N 7 6 0 0 6 19
0] 0 0 0 0 0 0
P 0 . 8 0 0 3 11
Q 0 15 0 0 11 26
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Table D2g The areas .(ha) of crop types covered by spotlight, in

the second count of hares in winter 1992/1993 (December/January) .

Farm ST °  WC DT GR(S) GR(noS) P cC SE

A 0.0 25.5 2.0 0.0 19.0 8.5 5.5 0.0
B 6.5 3.5 2.5 4.5 28.5 0.0 0.0 0.0
e 51.0 0.0 0.0 0.0 8.5 0.0 0.0 0.0
D 3.0 13.5 0.0 0.0 34.0 0.0 0.0 4.5
E 4.0 99.0 0.0 0.0 0.0 1.5 0.0 0.0
F 0.0 18.5 - 0.0 16.5 20.5 6.0 0.018.0
G 21.0 17.0 0.0 0.0 7.0 3.5 0.0 0.0
H 12.0 6.5 0.0 6.0 4.0 0.0 0.0 4.0
I 9.5 12.5 0.0 0.0 10.0 0.0 0.0 3.0
4.5 0.0 9.5 10.0 16.0 . 0.0 1.0 0.0

18.5  14.0 0.0 0.0 2.5 '2.5 6.5 0.0
24.0 0.0 0.0 13.5 ~ 85.5 0.0 0.0 0.0

Not counted

43.5 0.0 0.0 0.0
0.0 0.0 0.0 58.5 50.0 0.0 0.0 0.0
3.5 45.0 2.0 5.0 17.0 4.0 0.0 0.0

© wmw o 2 =2 =R g
n
|
)
w
W
n
’_I
o
o
o
o

2.5 13.5 3.0 21.0  41.5 17.05.5 0.0
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Table D2h The numbers of hares and the habitat types in which
they were present during the third spotlight count of winter
1992/1993 (February/March).. In this table 0 can indicate (1f
that there were no hares present in a habitat type, (2) that a
habitat type was not represented 6n a particular farm or (3) that
a habitat type was not lamped. Reference to Table D2c and Table

D2i indicates which is the case.

Farm ST WwC DT GR(S) GR (noS) TOTAL
A 0 0 0 0 0 0
B 0 0 0 0 0 0
Cc 0 0 0 0 0 0
D 0 5 0 0 2 7
E 0 5 0 0 0 5
F 0 0 0 0] 0 0
G 0 2 0 0 1 3
H 1 0 0 0 0 1
I 0 0 0 0 2 2
J 3 0 1 7 1 12
K 1 1 0 0 0 2
L 0 0 0 0 0 0
.M 1 0 0 0 0 1
N 3 7 1 0 5 16
0] 0 0 0 0 0 0
P 1 8 0 0 2 11

15 0 0 o . 15

L &
]
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Table D2i The areas (ha) of crop types covered by spotlight, in

the third count of hares in winter 1992/1993 (February/March).

m @

Farm ST Wwe DT GR(S) GR(noS) P  CC SE
A 0.0 27.5 - 3.0 0.0 20.5 15.0.0.0 0.0
B 0.0 3.5 2.5 10.0 20.5 0.0 0.0 6.5
C 56.0 0.0 0.0 0.0 7.5 0.0 0.0 0.0
D 0.0 16.5 0.0 3.0 24.0 3.0 1.5 0.0
E 0.0 77.5 2.0 0.0 0.0 . 5.0 0.0 0.0
F 0.0 42.5 0.0 17.0 21.0 0.0 0.0 0.0

17.5 21.0 5.0 0.0 5.0 9.0 0.0 0.0

16.0 13.0 3.0 14.0 0.0 9.0 0.0 0.0
I 6.5 14.5 0.0 0.0 11.0 2.0 0.0 1.5
J 7.0 0.0 20.0 36.0 30.0 0.0 0.0 0.0
K 4.0 16.0 1.0 0.0 0.0 3.0 9.010.0
L 0.0 0.0 0.0 74.0 49.0 0.0 oobo
M 15.0 37.0 0.0 0.0 0.0 0.0 0.0 0.0
N 10.0 51.0 10.0 0.0 35.0 10.0.0.0 0.0
0 0.0 0.0 0.0 72.0 50.0 0.0 0.0 0.0
P 6.0 66.5 0.0 6.0 23.0 2.5 0.0 0.0

L @]
o
n
=
~
n
o
o
o
o

22.5 16.5 3.5 0.0
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Table D3a The area (ha) in each habitat typé,‘total area (ha)
and habitat diversity of each farm in winter 1993/1994. H,
Shannon-Weiner .diversity. measure; J, Shannon-Weiner measure of
evenness (relative diversity) (Zar, 1984).

(NB J and H have the same value as there are 10 habitat classes).

F St WC BC DT GR SB WD P SE CC Total H
A 49 43 0 15 29 0 15 29 0 44 224 0.80
B 16 20 0 45 104 43 25 0 0 O 253 0.69
C 0 162 0 7 25 20 0 O 0 O 214 0.35
D 30 120 0 15 207 80 7 20 10 18 507 0.72
E 99 32 26 28 0 0 12 25 0 7 229 0.71
F 38 97 0 0 93 0 65 0 26 13 332 0.69
G 40 60 0O 29 19 4 2 5 0 0 159 0.67
H 31 67 0 30 5 5 5 0 10 3 146 0.63
I 14 25 22 20 32 2 17 0 5 0 132 0..79
J 0 ©O0 ©0 41 370 17 1 7 0 14 450 0.30-
K 44 34 0 8 68 8 6 1040 O 272 0.68
L 0 O O 27 3642 1 0 0 O 394 0.13
M - 60 374 0 8 11 5 0 0 0 10 468 0.32
N 103 52 0 45 225 25 44 0 56 16 566 0.77
0O 0 0 O 36 3320 0 0 0 O 368 0.14
P 59 60 O 31 87 8 0 35 0 O 280 0.71
Q 13 51 0 30 149 1 0 30. 0 15 294 0.65
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Table D3b The numbers of hares, and the habitat types in which

they were present during the single spotlight count of winter

1993/1994.
Farm ST WC DT 'GR(S) GR(noS) TOTAL  TOTAL
HARES (ha)
A 0 0 0 0 0 0 66.5
B 0 0 0 0 .0 0 40.0
e 0 0 0 0 0 0 52.5
D 1 0 0 0 17 18 120.0
E 2 5 0 0 0 7 100.0
F 0 0 0 0 0 0 52.0
G 0 2 0 0 0 2 64.0
H 0 - o 0 0 0 0. 27.5
I 0 0 0 0 2 2 31.0
J 0 0 2 0 18 20 93.0
K 2 7 0o 0 0 9 43.0
L 0 0 0 0 0 0 76.0
M 0 1 0 0 0 1 52.0
N 8 9 0 0 3 20 175.0
o 0 0 0 3 0 3 111.0
P 0 4 0 0 6 10 130.0

Q 0 1 0 4 13 18 111.0
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Appendix E Skylark data

KEY

SA, spring arable; WA, winter arable; WC, wiﬁter cereal; GR,
grass; GR(S), stocked grassland; GR(noS), unstocked grassland;
DT, downland turf (unimproved chalk grassland); SB, scrub; WD,
woodland; P, plough; St, stubbles; CC, catch crops (eg stubble

turnips, kale etc); SE, seed-bed; SS, set-aside.
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Table Ela Length of habitats represeﬁted in transects, 1992

breeding season. (These measurements are in cm, as measured from
a map. To calculate the actua; Length of the transect multiply
each cm by 90m. To calculate the area in which skylarks could be

detected, then multiply by 200m).

Farm SA WA DT GR SB WD . TOTAL
A 21.0 11.0 4.5 20.0 0.0 1.5 58.0
B 6.5 0.0 9.5 33.0 10.5 5.0 64.5
c 0.0 44.0 0.0 0.0  16.0 0.0 60.0
D 0.0 14.0 5.0 31.0 7.0 1.0 58.0
E 29.5 35.0 7.0 0.0 0.0 12.5  84.0
F 13.5 24.5 0.0 13.0 0.0 10.5 61.5
G 14.0 12.0 13.0 0.0 2.0 0.0 41.0
H 13.0 23.5 13.5 6.0 1.5 1.0 58.5
I 0.0 25.5 5.0 10.0 3.0 7.5 51.0
J 3.5 0.0 1.0 51.5 3.0 0.5 59.5
K 23.0  32.0 2.0 9.0 2.0 0.0 68.0
L 34.0 54.0 0.0 3.5 0.0 0.0 91.5
M 0.0 117.0 0.5 1.0 1.0 0.0 119.5
N 56.0 6.5 0.0 26.5 1.0 3.5 93.5
o) 0.0 0.0 7.5 68.5 0.0 0.0 76.0

69.0
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Table Elb Numbers of singing male skylarks in the habitats along
the 16 transects walked in the first brood period of 1992

breeding season

Farm SA WA DT GR SB WD " TOTAE
A 1 3 0 2 0 0 6
B o 0o 0 6 0 o0 6
C 0 6 0 0 0 o0 6
D 0o 3 0 3 0 0 6
E 2 7 0 0 0 0 9
F 1 a4 0 1 0 o0 6
G 2 1 0 0 o0 o0 3
H 0O 5 0 1 0 0 6
I 0o 1 0 0 0 0 1
J 6 0 0 5 o0 © 5
K 4 4 0 0 o0 O 8
L 2 18 0 0 0 0 20
M o 9 0 0 0 0 9
N 2 0 0 3 0 0 5
0 o 0o o0 7 0 0 7
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Table Elc Numbers of singing male skylarks in the habitats along
the 12 transects walked in the second brood period of 1992

breeding season.

Farm SA WA DT GR SB WD TOTAL
A 30 0 0 0 © 3
B 3 0 0 3 0 0 6
C o 1 0 0. 0 O 1
D o 3 1 3 0 0 7
E 5 4 1 0 0 0 10
F 2 0 0 0 0 0 2
H o 4 4 0 0 O 8
I 6o 1 0o 0 0 © 1
J 6o 0 0 5 0 O 5
L 3 9 0 1 0 0 13
0 6 0 0 11 0 O 11
P ©c 1 0o 1 0 © 2
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Table E2a Length of habitats represented in transects, 1993
breeding season. (These measurements are in cm, as measured from
a map. To calculate the actual Length of the transect multiply
each cm by 90m.- To calculate the area in which skylarks could be
detected, ﬁhen multiply by 200m).

* = get-aside topped, all other set-aside cultivated after May 1.

Farm SA WA DT GR SB WD SS  TOTAL
A 27.0 21.0 4.5 3.0 1.0 1.5 ‘o.o 58.0
B 15 b 0.0 0.0 41.0 8.5 0.0 0.0 64.5
C 13.0 0.0 0.0 8.0 5.0 4.0 30.0.60.0
D 9.0 9.0 4.0 28.0 3.0 5.0 7.0 65.0
E 16.0 48.5 7.0 0.0 0.0 12.5 0.0 84.0
F 19.0 17.0 0.0 - 15.0 0.0 10.0 0.0 61.0
G 13.0 27.0 7.0 10.0 1.0 1.0 6.0 65.0
H 9.0 14.0 13.5 1.5 1.5 1.0 18.0 58.5
I 0.0 12.0 8.0 4.0 1.0 2.0 6.0% 33.0
J 3.5 0.0 1.0 51.5 3.0 - 0.5 0.0 59.5
K 12.0 36.0 2.0 4.0 2.0 2.0 1.0 59.0
L 0.0 0.0 0.0 85.0 0.0 0.0 0.0 85.0
M 0.0 82.0 0.5 1.0 1.0 0.0 35.0%119.5
N 40.0 9.0 0.0 20.0 1.0 3.5 20.0%*93.5
o 0.0 0.0 7.5 68.5 0.0 0.0 0.0 76.0
P 6.0 27.5 1.5 26.0 2.0 0.0 6.0 69.0

8.0 67.0
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Table E2b Numbers of singing male skylarks in the habitats along
the 17 transects walked in the first brood period of 1993

breeding season

Farm SA WA SS DT GR SB WD TOTAL
A 2 3 0 0 0 ©0 O '5

B 1 0. 0 0 9 o0 0 10

c O 0 14 0 0 O0 0 14

D o 3 3 o0 5 0 0 11

E 3 13 o0 0 O O 0 16

F 1 4 0 ©0. 1 ©0 0 6

G o 6 4 1 1 0 0 12

H 1 4 8 1 0 0 0 14

H
o
w
[38)
o
[
o
o
(&)

1 9 0 0 0 0 0 10
0 0. O 0 1 O 0 19
0 16 'S5 0 o 0 0 21
15

0 0 0 0 15 O 0 15

0 wm O Z = 2 = 4
=
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Table E2c¢ Numbers of singing male skylarks in the habitats along
the 17 transects walked in the second brood period of 1992

breeding season.

Farm SA WA SS DT GR SB WD TOTAL
A 4 3 0 0 0 0 0 7
B 3 0 0 0 7 0 0 10
C 1 0 8 0 0 0 0 9
D 4 2 2 0 6 0 0 14
E 5 9 0 0 0 0 0 14
F 1 0 0 0 0 0 0 1
G 6 0 0 0 0 0 0 6
H 4 3 3 3 1 0 0 14
I 0 0 2 1 1 0 0 4
J 0 0 0 0 5 0 0 5
K 5 8 0 0 0 0 0 13
L

0 0 0 0 16 O 0 16

20 O 0 20

© ™M o 2 =
o
o
o
o
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Table E3a Number of singing male skylarks along é 1.25km
transect on Offham farm. Counts were made at different times of
day on different days, throughout the 1992 breeding season. The
maximum number of singing males Qas 8.

KEY: Time = decimal hours after dawn (eg 1.50 = 1 hour 30 minutes
after dawn); Wind = windspeed (L, 1light; VL, wvery 1light; M,
moderate; S, still; SR, strong); °C = atmospheric temperature in
degrees centigrade; mmHg = atmospheric pressure in millimetres of
Mercury (F, falling; R, rising; S, stable); CC = cloud cover (CL,
clear; O/C, over-cast; H, hazy; F, fog); Larks = the number of
singing male skylarks counted each time the transect was walked.

Date Time Wind Oc mmHg cc LARKS
4/4 4.10 L 12.0 755R CL 7
5/4 0.96 VL 4.0 7598 CL 6
6/4 0.84 M 5.0 755F o/C 3
7/4 0.88 L 7.0 7458S 0o/C 6
8/4 0.91 L 6.0 752R H 4
11/4 1.11 S 8.5 764F H 8
12/4 0.64 L 11 7608 o/cC 6
13/4 7.60 SR 10.5 760S CL 6
14/4 8.63 SR 6.0 755F o/C 0
15/4 6.92 M 9.0 748R o/C 6
16/4 3.28 M 6.0 765R CL 7
17/4 4 .83 S 12.0 768S F 7
21/4 7.92 S 19.0 7608 CL 5
2/5 . 4.42 M 10.0 760R CL 7
13/s 12.47 L 18.0 767F CL 6
16/5 . 12.05 M 18.0 776F CL 3
17/5 5.23 M 16.0 7768 CL 7
25/5 5.32 .S 21.0 762R CL 7
13/6 5.53 S 24.0 766S CL 8
14/6 4.78 VL 22.0 767R CL 6
14/6 5.53 VL 22.5 767R CL 6
14/6 6.28 VL 22.5 767R CL 5
14/6 6.86 VL 23.0 767R CL 6
14/6 8.03 VL 22.5 767R CL 5
14/6 8.61 VL 22.5 767R CL 3
14/6 9.28 VL 22.5 767R CL 4
14/6 9.78 VL 22.5 767R CL 6
14/6 10.28 VL 23.0 767R CL 5
16/6 9.45 M 18.0 769R o/cC 4
16/6 9.86 ‘™M 18.0 769R o/cC 1
16/6 - 10.36 M 18.0 770R o/C 0
16/6 10.86 M 17.0 770R o/C 1
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Table E3b Number of singing male skylarks along a 1.25km
transect on Offham farm. Counts along the transect were started
every half hour from dawn (0600 hours) until 1730 hours on March

29, 1993. The maximum number of singing males was 15.

Time No. singing skylarks seen
0600 7
0630 5
0700 10
0730 9
0800 12
10830 . 10
0900 12
0930 13
1000 15
1030 10
1100 9
1130 8
1200 10
1230 1
1300 6 .
1330 2
1400 4
1430 5
1500 5
1530 S
1600 4
1630 5
1700 "2
1730 2



