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Abstract. As a result of intensified agriculture, farmland in Europe is the habitat where the most pronounced
changes have occurred in recent decades. In parallel, breeding populations of birds have been declining over
much of Europe. Today, farmland has the largest proportion of Red-List species. This paper reviews studies on
the impact of agriculture on birds breeding in the farmland ecosystems of Europe: breeding bird density in rela-
tion to farming practice, effects of agriculture on foraging and feeding ecology while rearing young, and conse-
quences for breeding success.

Specialised bird species are most affected by farming practice. They are rare or even absent in intensively man-
aged farmland with a much reduced habitat and structural diversity. As crops grow fast and as their vegetation
is very dense, large fields become inaccessible to or unprofitable for ground feeding birds. To exploit alternative
food resources, parents feeding nestlings have to cover larger distances to isolated and distant food patches.
Reduced food availability in modern farmland and increased time and energy costs of foraging may result in
lower body conditions of parent birds and their broods, in a reduced breeding success and lower survival. Some
species breeding in intensively farmed areas are at least locally unable to produce sufficient recruits to maintain
their numbers in the long term.

Our knowledge of the breeding ecology and population dynamics of farmland birds is growing, but it is still based
mainly on short-term and small-scale case studies on a few species. Little is known about whether measures to
improve habitat quality (e.g. set-asides) are adequate to halt negative trends in bird populations. Hence, there is a
need for internationally coordinated scientific work with important implications for conservation.

Key words: farming practice, vegetation structure, crop diversity, set-asides, habitat use, foraging range, breed-
ing success, conservation
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INTRODUCTION

Farmland, today covering nearly half of
Europe, has always been a habitat of gradual
change. For centuries, the open and semi-open
landscape was a diverse and small-scaled patch-
work of fields, interspersed with fallow land,
hedges and small woods, marshland and ditches.
This mosaic provided a wide variety of habitats
for a fauna and flora of a remarkable species rich-
ness. However, in the XX century the speed of
changes in European farmland has increased dra-
matically and within less than a hundred years
agriculture drastically reduced the small-scaled
diversity in rural landscape. Small plots were
amalgamated, marginal habitats improved and

incorporated in agricultural production. Modern
farmland is dominated by large and uniform
fields with a few favoured crop varieties. Reviews
on changes in European farmland habitats, in
agricultural practice and in farmland birds were
given by: Bezzel (1982), O’Connor & Shrubb
(1986), Tucker & Heath (1994), Hagemeijer & Blair
(1997), Pain & Pienkowski (1997).

Economic reasons are among the main thriv-
ing forces behind this development. Today, farm-
ers are under strong selective pressure to perform
as efficient food producers. For their economic
survival, they attempt to achieve maximum
yields, by using modern technology to increase
their efficiency (Table 1). On the losing side of this
development are many plant and animal species
originally typical for rural landscapes. They have
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36 L. Schifferli

Table 1. How to maximize food production in modern agriculture?

Aims Method

Changes relevant for birds

Soil improvement drainage/irrigation

fertilizers
Crop protection

machines
specialisation

Improved efficiency

standardised agriculture

pesticides, herbicides

habitat loss, habitat change
dense vegetation, fast growth,
short crop turn-over rate

low abundance/diversity of food

homogeneous landscape
habitat loss, low crop diversity
large fields, loss of boundaries

the present environmental conditions in modern
farmland. E.g., chemicals used in agriculture
reduce the species diversity and the abundance of
invertebrates, plants and their seeds, and hence
the food supply of farmland birds (Pulliainen
1984, Rands & Southerton 1992, Potts 1997,
Chiverton 1999). Mainly in the second half of the
XX century, bird populations breeding in
European farmland have been declining (Hildén
& Sharrock 1985, Hildén et al. 1988, Tucker &
Heath 1994). This pattern is most evident in the
intensively farmed western and central European
countries (Berthold et al. 1986, Hanski & Tiainen
1988, Zbinden 1989, Robertson & Berg 1992,
Schifferli 1993, Petersen 1994, Saris et al. 1994,
Fuller et al. 1995, Baillie et al. 1997, Bauer &
Berthold 1997, Schmid et al. 1998). Today, farm-
land has a higher proportion of vulnerable or
threatened bird species than any other habitat
(Tucker & Heath 1994). Within Europe, the pro-
portion of endangered farmland birds increases
from southern to northern, and from eastern to
western countries. It peaks in the NW of the
European Union, where farming is most intensive
(Tucker 1997, Schifferli 2000).

The impact of modern agriculture on the farm-
land eco-system is among the prime reasons for
the large-scale and long-term declines of bird pop-
ulations in European farmland (Baillie et al. 1997,
Tucker 1997, Siriwardena et al. 1998). Most relevant
for bird diversity and abundance in farmland are
the low small-scale habitat diversity in intensively
farmed areas (Panek 1997, Wilson et al. 1997,
Schlapfer 1988, Petersen 1998), and the loss of
boundaries, marginal and ,unproductive” habi-
tats. Recent changes in farming practice affect the
ecology, breeding success and survival of farm-
land birds. Starlings Sturnus vulgaris, as an exam-
ple, breed less successfully in Finnish farmland

beet than in mixed agricultural landscape where
parent birds can forage in pastures (Tiainen et al.
1989). However, there are marked differences
between species. Specialists suffer more than gen-
eralists. The former breed at much lower densities,
or even disappear from intensively farmed areas
with a low habitat diversity (Baillie et al. 1997,
Schifferli et al. 1999). On the other hand, several
species started breeding, with variable success, in
arable and pasture land — e.g. several waders
(Beintema 1986), Yellow Wagtail Motacilla flava
(Dittberner & Dittberner 1984). Others tolerate a
moderate farming intensity and some may even
profit from modern land management (e.g. some
corvids, Richner 1989, Mack 1998). Siriwardena et
al. (1998) calculated farmland Common Bird
Census indices for 42 species in Britain; between
1968 and 1995, 13 farmland specialists declined on
average by 30%, whilst 29 more generalist species
increased by an average of 23%.

In this paper I present examples on how agri-
culture may affect the ecology of birds breeding in
European farmland. I review studies on foraging,
the use of different habitat types for feeding when
rearing offspring and focus on effects on breeding
success. Farmland landscape consists of different
types of agricultural crops and grasslands. For sim-
plicity, these are summed up by the term ,farmed
habitats” throughout this paper. ,Unfarmed habi-
tat” refers here to hedges, ditches, fallow land
remaining unfarmed for prolonged periods and
other agriculturally unproductive land.

EFFECTS OF CHANGES IN FARMLAND
HABITATS ON BIRD ABUNDANCE

The most striking effects of modern agricul-
ture are the changes in habitats and their struc-
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Birds breeding in a changing farmland 37

soils as well as field margins and boundaries
between neighbouring fields. Because of their rich
structural diversity, such habitats are valuable for
farmland birds and other wildlife. Agriculturally
poor land was originally covered by wet grass-
land, scrub or fallow land and hedges, ditches or
other linear elements; they were left unfarmed or
grazed at a very low intensity. Such areas were
improved by agriculture for more intensive farm-
ing. How do the losses and structural changes of
habitats affect the farmland avifauna? Are the
modern fields and cultures replacing the less
intensively farmed crops and pastures adequate
alternatives for foraging and successful breeding?

Bird abundance on farmland is related to the
area covered by specific habitat types and to the
level of farming intensity. The density of Skylarks
Alauda arvensis, for example, is correlated positive-
ly with cereals and negatively with hedgerow
density (Wilson et al. 1997). Meadows, spring-
sown crops, small forests and borderlines were
recorded more frequently in the territories of
Great Grey Shrikes Lanius excubitor and winter
crops less often than in random sites (Tryjanowski
et al. 1999). Fuller et al. (1997), Pain & Pienkowski
(1997) and Schifferli et al. (1999) reviewed the
results of such comparisons of bird densities and
the availability of farmland habitats.

Skylarks, Whinchats Saxicola rubetra, Tree Pipits
Anthus trivialis, Red-backed Shrikes Lanius collurio,
Yellowhammers Emberiza citrinella and other char-
acteristic farmland species are more abundant on
farms with an ,organic” agriculture (Petersen 1994,
Christiansen et al. 1996, Fuller 1997) and on areas
farmed at a low intensity (Schifferli et al. 1999 and
references on species therein). Trees, hedges and
scrub land area correlate positively with the abun-
dance of Yellowhammer (Tryjanowski 1997), Tree
Pipit, Red-backed Shrike and other ,hedgerow”
species. By contrast, semi-open landscapes are
avoided by Lapwing Vanellus vanellus (Berg et al.
1992), Skylark (Wilson et al. 1997) and other birds of
open farmlands. Amongst the best predictors of
bird abundance are also various types of farmed
habitats (review in Fuller et al. 1997, Chamberlain
& Gregory 1999, Schifferli et al. 1999). Although the
results differ widely between studies, they have
important patterns in vegetation structure in com-
mon. Habitat types which are correlated positively
with bird abundance have either a sparse and/or
low vegetation at the beginning of the breeding
season (e.g. spring-sown crops, stubble fields,
meadows after mowing). Or the sward structure is
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out most of the season, with tall and single plants
next to dense growth and bare patches, as for
example in pastures grazed at a low intensity, in
set-asides and in permanent or rotational fallow
land. Such habitat types occur regularly in areas
farmed at a low intensity. However, they are
removed, fragmented or converted to more pro-
ductive farmland in more intensive land manage-
ment. As will be discussed below, areas with a low
or patchy vegetation are more easily accessible to
birds foraging and moving on the ground than
uniformly dense growing crops.

Do correlations of bird density and habitat
variables indicate a causal relationship, as it is
usually assumed in publications? Several studies
in different countries tested effects of farming
intensity on plants (Wilson 1992, Lambelet-
Haueter 1995, Mayor & Lambelet-Haueter 1996),
on insects (Kennedy 1992, Moreby & Aebischer
1992, Potts 1997), and on birds (Beintema &
Miiskens 1987, Hanski & Tiainen 1988, Berg &
Part 1994, Fuller et al. 1995, Pain & Pienkowski
1997, Tucker 1997). Do bird species diversity
and/or density increase, if farming intensity is
locally reduced, as would be expected from the
correlations mentioned above? Laussmann &
Plachter (1998) compared bird distribution and
abundance before and after small plots or bound-
aries were taken out of production. New species
and pairs bred already in the first years of habitat
improvements. Birds hold territories in or close to
set-aside areas (Lugrin 1999, Schifferli 2000). A
gradual increase in wildflower strips over several
years allowed a continuous increase of
Whitethroat Sylvia communis and Corn Bunting
Miliaria calandra numbers in this farmland area
(Jenny et al. 1997) (Fig.1). Positive effects of a
reduction in farming intensity and of various
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Fig. 1. Wildflower strips (a) and the number of pairs of
Whitethroat Sylvia communis (b) and Corn Bunting Miliaria
calandra in the Champagne genevoise (613.5 ha), SW
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types of set-asides have been documented in the
following bird species — reviews in Wilson (1995)
and Schifferli et al. (1999 including wintering
birds), Henderson et al. (2000), wide range of
species: Red-backed Shrike (Leugger-Eggimann
1997), Skylark (Wilson et al. 1997, Weibel 1998),
Linnet Carduelis cannabina and Whitethroat (Berg
& Part 1994), Whinchat (Labhardt 1988a, Bastian
& Bastian 1996), Stonechat Saxicola torquata
(Lugrin 1999), Corn Bunting (Ward & Aebischer
1994, Eisloffel 1996), Quail Coturnix coturnix
(Laussmann & Plachter 1998), Grey Partridge
Perdix perdix (Potts 1997), Yellowhammer (Biber
1993a, Stoate & Moreby 1995, Lille 1996, Kyrkos et
al. 1998). To sum up, there is conclusive evidence
that farming intensity and the changes in habitats
associated with it affect the (local) species richness
and density of birds breeding in farmland.

NEST FAILURES IN FARMLAND

A third of farmland species nest on the ground.
Their broods suffer from predation (S6derstrom et
al. 1998), destruction by farming machines and
trampling by grazing cattle. The proportion of
broods destroyed by farming activities varies con-
siderably, between species, years, study areas and
their farming regimes. Crick et al. (1994) analysed
the British nest record cards from 1924-92 of
Buntings. Mayfield estimates of nest survival rates
suggest that in the post-1970 period, 31% of
Yellowhammer nests were successful, 51% in the
Reed Bunting Emberiza schoeniclus and 52% in the
Corn Bunting. Of the nests that failed for a known
reason, the proportion of Yellowhammer and
Reed Bunting nests destroyed by farming activi-
ties did not differ between nest records from
before and after 1970, respectively (Yellowhammer
17% in the first and 19% in the second period,
Reed Bunting 18% and 17%) . In contrast, the pro-
portion of Corn Bunting nests destroyed by farm-
ing processes increased from 7% of all nests
recorded in the first to 21% in second period.
However, their overall nest failure rate declined
from 69% in the first to 48% in the second period,
as both predation and ,natural” causes of failures
declined, from 31% to 15% and from 32% to 12%,
respectively (Crick et al. 1994).

In intensively managed Swiss grassland mow-
ing at intervals of 4-5 weeks destroyed 95 of 98
Skylark nests situated in meadows; overall, 17%
of all eggs laid were predated and 37% were lost

43 % of failing Skylark broods were predated and
26% were victims of farming activities (Wilson et
al. 1997). In the Whinchat, 19% of all nest failures
were due to agriculture (Bastian & Bastian 1996).
Comparing different years, Redshanks Tringa
totanus lost 47-74% of nests during farming activ-
ities, Black-tailed Godwits Limosa limosa 52-71%
and Oystercatchers Haematopus ostralegus 54-76%
(Witt 1986). Corncrakes Crex crex breeding in
dense grassland lost 55% of chicks when mead-
ows were cut from the edge to the centre; mortal-
ity was reduced to 32% by reversing the proce-
dure of mowing (Tyler et al. 1998).

Hudson et al. (1994), Peach et al. (1994) and
Kooiker & Buckow (1997) reviewed publications on
the hatching success of Lapwings in different types
of farmland. The mean hatching success of eggs or
of clutches in 42 studies in 9 European countries
was 53% (lable 2). It varied between areas, years
and farming practice. Usually, losses due to farming
on arable land exceed those on grassland (Beser &
von Helden-Sarnowski 1982, Galbraith 1988, Baines
1990, Shrubb 1990, Berg et al. 1992). Based on daily
survival rates of nests in Swedish farmland, Berg et
al. (1992) report a hatching success of 67% in grass-
land. Success rate was lowest in unsown tillage
(9%) and highest in sown tillage (78%). The differ-
ences on tillage were largely due to farming activi-
ties, which, overall, was responsible for 85% of nest
losses (Berg et al. 1992). In Germany, clutches start-
ed before sowing had a poor hatching success
(30%); after field preparation, however, 88% of
replacement clutches in maize fields hatched, com-
pared to 81% in grassland (Kooiker 1990, Kooiker &
Buckow 1997). The timing and intensity of farming
impact on ground nesters also depend on weather
conditions at the beginning of the season. Rain and
high water tables in spring delay the start of farm-
ing processes (Beintema et al. 1985). Up to 89% of
Lapwings nesting in Dutch grasslands hatched
their chicks before the start of mowing in wet
springs (Guldemond et al. 1993).

With an increase in stocking rates, nests in pas-
tures face a growing risk of being trampled by
grazing animals (Beintema & Miiskens 1987). As a
result, hatching success in Lapwings has fallen
over past decades to a very poor level in upland
grasslands of England and Wales (Shrubb 1990).
To predict the impact of grazing on nesting suc-
cess of Lapwing, Black-tailed Godwit, Redshank,
Opystercatcher and Ruff Philomachus pugnax,
Beintema & Miiskens (1987) developed a model.
Grazing at high densities and throughout the
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survival. According to the model, nesting success
rapidly decreases with increasing animal density.
Dairy cows have a stronger impact than sheep,
and yearling cattle are the worst ,tramplers”. The
model predicts that four yearling cattle per
hectare, grazing day and night on a Dutch pas-
ture are sufficient to trample virtually all nests.

Nevertheless, even high losses in individual
nests may be compensated, if failing birds relay.
This ability plays an important role in the annual
productivity (Beintema & Miiskens 1987).
Lapwings breeding in Swedish farmland prefer
tillage for nesting, paradoxically the habitat with
the highest losses of clutches laid before sowing
(Berg et al. 1992). However, two thirds of failed
breeders relay. As 67% of replacement clutches
succeed, 55% of all females eventually hatch a
brood in tillage, a higher rate than on most other
farmland habitats. On permanent pastures with a
high density of grazing animals, however, hatch-
ing success remains low throughout the grazing
period and cannot be compensated by replace-
ment clutches, as these have an equally high fail-
ure rate (Beintema & Miiskens 1987).

RESOURCES FOR RAISING OFFSPRING
— A MATTER OF SCALE AND SPACE

During laying, incubation and while caring for
their brood, parent birds and their rapidly grow-
ing young need an abundant food supply. To safe-
guard essential resources from conspecifics, many
species hold a territory which includes feeding
grounds and/or nest-sites; its quality has strong
effects on growth rates and size of nestlings
(Richner 1989) and/or on breeding success (Tye
1992, Bollmann et al. 1997, Wilson et al. 1997) and
even lifetime reproduction (Hotker 1988). The ter-
ritory size and particularly the area covered for
foraging vary considerably within species. In a
local population of Tree Pipits breeding in farm-
land, as a typical example, the largest territories
had 15 times the size of the smallest (0.3-4.3 ha,
mean 1.5 ha, Meury 1989, 1991). The size is influ-
enced by the food supply and therefore differs
between years and habitat diversity. This con-
cerns Skylark (Schldpfer 1988), Meadow Pipit
Anthus pratensis (Hotker 1990), Wheatear Oenanthe
oenanthe (Brooke 1979, 1981), Kestrel Falco tinnun-
culus (Village 1990), Lapland Bunting Calcarius lap-
ponicus  (Seastedt &  MacLean  1979),
Yellowhammer (Petersen et al. 1995), Corn

the home range may also change within season
(Schlapfer 1988, Hotker 1990) or in relation to the
nesting cycle (Megller 1990). The foraging area
may even differ from day to day, e.g. in relation to
daily weather. Thus, Swallows Hirundo rustica and
House Martins Delichon urbica hunt on average
170m and 450m from their nests, respectively
(Bryant & Turner 1982). During cool or rainy
spells they extend their foraging activities to one
or more kilometers (Loske 1993).

Between species, the size of the territory or
home range generally increases with body mass
(Fig. 2) in 61 bird species breeding in open or
semi-open farmland. This confirms data present-
ed by Schoener (1968), Newton (1979, for raptors)
and Morse (1980). These authors discuss reasons
for interspecific variation of territories in relation
to food and feeding ecology. Here, the relevant
conclusion from Fig. 2 is that in passerines, small
areas of just a few hectares are the ,working
units” of individual pairs for reproduction. A high
diversity on a small scale may be crucial, since a
single crop type rarely provides a suitable vegeta-
tion structure for nesting and foraging through-
out the breeding season. As discussed below,
Skylarks and other birds nesting and feeding on
the ground therefore require structurally diverse
crop mosaics (Chamberlain & Crick 1999,
Chamberlain et al. 1999). Unless there is some
diversity of habitats on the scale of a small territo-
ry and within close range from the nest site, par-
ents have to extend their foraging range. To make
multiple nesting attempts in uniform and inten-
sively farmed areas, they may have to shift the
territory between broods, or abandon an area due
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Fig. 2. The size of territory (a) or foraging range (b) in 61 bird
species in relation to their body mas. Home range r2 = 0.48, n
= 37 species; territory r2 = 0.64, n = 24. Sources are some 50
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to a lack of habitats with a suitable vegetation
structure (Schlapfer 1988, Wilson et al. 1997).

OPTIMAL FORAGING AND FARMING PRACTICE

Birds feeding for themselves may freely move
over wider areas for foraging. While breeding,
however, nidicolous species are tied to a fixed nest
site. The brood depends entirely on the nutrients
and energy transported to the nest by the parents,
which work close to their physical limits (Drent &
Daan 1980, Cuthill & Houston 1997). There is
strong selective pressure to contribute as many
offspring as possible to the future population, by
raising a maximum number of viable young. To
achieve this goal, parents have to perform as
effective food deliverers, by making optimal use
of the food resources within their home range
(Krebs & Davies 1993, 1997, Maurer 1996). Various
models on central place foraging making predic-
tions on possible strategies to maximize foraging
efficiency (MacArthur & Wilson 1967) have been
tested in farmland birds (overviews in Stephens &
Krebs 1986, Maurer 1996, Krebs & Davies 1997).

Important variables in foraging strategy mod-
els are the food supply and the distance of food
patches from the nest. Food for the brood is trans-
ported in flight, a quick and efficient, but energy
demanding method. Travelling distance is there-
fore a significant factor in the energy budget
while rearing young and a major component in
optimal foraging theory. Thus, parent birds rais-
ing nestlings forage close to the nest, as short
flight distances minimize energy costs. Distant
food patches are hardly worth exploiting, unless
large portions can be brought to the young, as
confirmed by experimental work (Andersson
1981, Carlson 1985, Carlson & Moreno 1985,
Cuthill & Huston 1997, Wright et al. 1998). When
feeding for themselves, however, as during laying
and incubation, the parent birds may efficiently
use food patches throughout their territory.
Before hatching, Red-backed Shrikes hunt at a
median distance of 57 m from the nest and use
their home range according to the availability of
perches suitable for hunting (Fig. 3). When rear-
ing young they economise on travelling distances
by concentrating their foraging very close to the
nest (median distance 26 m, Fig. 3).

Mean or median distances of foraging sites
from the nest of birds feeding nestlings of
< 100 m have been reported in the Goldfinch
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Fig. 3. Frequency distribution (%) of distances of foraging sites
from the nest before hatching (a, n = 179), after hatching (b, n
= 320) and of perches (columns) of 5 pairs of Red-backed Shrike
Lanius collurio. Reworked from Spaar & Schifferli (1998).

(Hartley et al. 1995), the Water Pipit Anthus spino-
letta (Frey-Roos et al. 1995), the Hoopoe Upupa
epops (Kristin 1993). In the Yellowhammer mean
distances varied from 82 m to 184 m, depending
on area, season, year and farming regime
(Petersen et al. 1995, Lille 1996, Stoate et al. 1998).
In the Swallow and the House Martin mean trav-
elling distances were 170m and 450 m, respective-
ly (Bryant & Taylor 1982). Most non-passerine
species cover more than 500m between nest and
feeding sites: Barn Owl Tyto alba (637 m, Brandt &
Seebass 1994), White Stork Ciconia ciconia (1.3 km,
Alonso et al. 1994) and Merlin Falco columbarius
(1-1.7 km, Sodhi 1992).

In intensively farmed countryside, unfarmed
habitats and perches are often removed. Suitable
foraging areas may therefore be small and isolat-
ed remnants, wide apart and thus distant from
the nest. This may increase the time needed for
foraging and the travelling distances, and hence
the costs of reproduction. Leugger-Eggimann
(1997) compared the parental expenditure of Red-
backed Shrikes in habitats of varying farming
intensity. He found that the parents breeding in
areas farmed at a high intensity lost more of their
body mass while rearing young. The adults
invested more time in flight activity while forag-
ing compared to conspecifics in low-intensity
farmland. This is confirmed by differences in trav-
elling distances reported from areas of differing
farming intensity (Schifferli et al. 1999). Red-
backed Shrikes in areas farmed at a low, medium
and high intensity, respectively, collected the food
for their broods at mean distances of 27 m, 51 m
and 72 m. Assuming a mean of 15 feeding visits by
both parents per hour (Glutz von Blotzheim &
Bauer 1993), distances covered per day were esti-
mated as 13 km, 24 km and 34 km in the three cat-

» Briss,of farming intensity (Schifferli et al. 1999).
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ACCESS TO FOOD IN DENSE AND FAST
GROWING CROPS

Food supply for foraging birds is reduced in
intensive farmland. This is well documented in
Moreby et al. (1994), Brooks et al. (1995), Lille (1996),
Campbell et al. (1997) and Potts (1997). Moreover,
growth of fertilised monocultures and manured
meadows is fast, uniform and dense. Height and
density of vegetation affect locomotion of birds nest-
ing and/or feeding on the ground. Cover and height
also influence the detectability of prey by foraging
birds. Starlings, for example, foraging in grass taller
than 6 cm moved more slowly, were stationary for
longer periods and had stops of longer duration than
in short grass (Brownsmith 1977); Water Pipits take
longer to find prey in tall than in short vegetation
(Brodmann et al. 1997). In the White Stork, intake
rates decrease with vegetation height, although the
food supply shows an opposite trend (Sakl 1989).

Agricultural crops nowadays grow rapidly.
Within a few weeks after sowing, fields may
become impenetrable or unprofitable for foraging
(Eiserer 1980). Ground-feeding birds therefore
often prefer sparse cover and short vegetation.
Wintering Golden Plovers Pluvialis apricaria and
Lapwings forage in autumn sown cereals up to
8cm and 1lcm in height, respectively (Mason &
MacDonald 1999). In the breeding season,
Lapwings avoid densely growing vegetation, if it
exceeds 4-7 cm. At medium and low plant densi-
ty, vegetation heights of up to 15-18 cm and up to
18-38 cm, respectively, are tolerated (Klomp
1954). Although it is widely recognized that forag-
ing is limited by a combination of vegetation
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Fig. 4. Number of bird species foraging and vegetation height
(n = 38 species). a— number of species feeding on the ground,
b - number of species foraging by sallying in the vegetation or
above it. Each of the 38 species was counted only once; species
foraging in more than one class were split accordingly. Sources

height and density, the second parameter is rarely
quantified (methods and references in Schaffer
1999). We therefore have to rely on data of plant
height. This is justified, as vegetation height and
density are often correlated (Weibel 1998). Many
waders, pipits, larks, wagtails, thrushes and
corvids feed on sparsely covered or bare ground,
and in vegetation less than 10 cm tall (Fig. 4). The
attraction of short grass is most striking in mead-
ows, where birds congregate shortly after mow-
ing to profit from easy access to invertebrates that
have suddenly lost all their shelter.

Species, which run or hop usually avoid dense
vegetation exceeding 10 to 20 cm in height.
Exceptions are long-legged species as the Black-
tailed Godwit which is able to walk slowly and
takes short steps through tall vegetation by lifting
the legs (Klomp 1954). Some Acrocephalus warblers
have skeletal adaptations to hold on stems and
move in thick vegetation (Leisler 1975, 1980).
Meadow Pipit and Tree Pipit with long claws and
a wide foot span can move and forage in tall veg-
etation, especially if the grass is depressed by rain
or snow (Hotker 1990). Small ground-feeding
passerine birds hardly visit vegetation taller than
20 cm. Exceptions are fallow land, rough grazing
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Fig. 5. Foraging sites of the Red-backed Shrike in relation to
the distance the from perch (frequency distribution, %);
ground hunting (n = 584 flights, mean = 4.7 m, median = 3.3
m) and aerial hunting (n = 152 flights, mean distance from
perch = 6.9 m, median = 4.4 m). 10 pairs breeding in S
Switzerland in an area farmed at low intensity, cf. Spaar &
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or set-aside areas up to 50 cm or even more. These
habitats often show a high diversity in vegetation
density and height and they typically have bare
patches allowing easy access. Such habitats are
exploited also by species hunting from perches
(e.g. Stonechat, Wheatear: Brooke 1981, Greigh-
Smith 1983, Moreno 1984). Whinchats hunt in or
above mature hay meadows from strong stems or
fences as vantage points (Labhardt 1988b, Bastian
& Bastian 1996). In Shrikes and Chats hunting
from perches is the major foraging technique for
hunting in the vegetation, on warm days also in
the air (Greigh-Smith 1983, Solari & Schudel 1988).

Red-backed Shrikes catch prey mostly on the
ground and within 3-4 m from the perch (Fig. 5),
presumably because more distant insects are
more difficult to detect in the vegetation. Hence,
each small bush in farmland provides access to a
hundred square metres of hunting grounds
(Spaar & Schifferli 1998). They hunt predominant-
ly on meadows, pastures or fallow grassland up to
10 cm in height (Fig. 6). Prey above tall vegetation
is exploited primarily by aerial flights. Yosef &
Grubb (1993) studied Loggerhead Shrikes Lanius
ludovicianus foraging in tall substrates and after
mowing, respectively. When hunting in low veg-
etation, they spent less time in flight and shifted
from aerial to ground hunting. In the absence of
vantage points, Kestrels have to change from a sit-

ground hunting

- 77

aerial hunting

7

1-10 47//4//

grass height (cm)

-60 -40 -20 0 20 40 60
Frequency (%)

Fig. 6. Vegetation height at feeding sites of the Red-backed
Shrike. Aerial hunting (n = 108 flights) and ground hunting (n
= 125 flights). 4 pairs breeding in S Switzerland in an area
farmed at low intensity, data in Spaar & Schifferli (1998),
Schifferli (1989, 1999), Schifferli et al. (1999).

and-wait strategy to hover flight (Buner 1998).
However, this hunting technique is more energy
consuming than hunting from perches (Rudolph
1982, Masman & Klaassen 1987).

In Shrikes, Whinchats and other sit-and-wait
predators, small bushes, fence posts, wires and
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Fig. 7. Home range size of the Red-backed Shrike in relation to
the density of perches. Data in Spaar & Schifferli (1998),
Schifferli (1989, 2000), Schifferli et al. (1999).

foraging. Home range area and/or territory size are
therefore correlated with the density of suitable
perches, as shown for the Red-backed Shrike (Fig. 7).
An effect of perch density on territory size was doc-
umented in Great Grey Shrikes (Yosef 1993, Schon
1994, Rothaupt 1995), Woodchat Shrikes Lanius sena-
tor (Schaub 1996, Rehsteiner 2000), Red-backed
Shrikes (Solari & Schudel 1988), the Mediterranean
Grey Shrike Lanius meridionalis (Gorlich 1997) and
the Whinchat (Bastian & Bastian 1996).

In many species, access to dense and tall vege-
tation for foraging in cereals is limited to bare
parts within fields or to the edges. Skylarks use
patches of stunted growth or tramlines to get into
densely growing cereal crops (Odderskir et al.
1997, Weibel 1998, Schon 1999). In contrast, ,com-
pact” gallinaceous birds, like the Pheasant
Phasianus colchicus (Hill & Robertson 1988), Red-
legged Partridge Alectoris rufa, Grey Partridge
(Rands 1988, Potts 1997), several long-legged
waders (Beintema et al. 1985, Beintema 1986),
storks (Alonso et al. 1994) and herons are able to
move in densely growing crops. Quail (Glutz von
Blotzheim 1973) and Corncrake (Schaffer 1999)
are among the species that require dense and tall
vegetation for foraging in shelter.

Whereas dense cover is impeding free move-
ment for foraging, tussocks and patches of thick
vegetation are favoured nest-sites of many open-
breeders. However, growth may be very rapid
and uniform. Skylarks usually nest in vegetation
10-40 cm in height and a ground cover of 20—40%
(Griesser & Hegelbach 1999). In cereals, the par-
ents may soon have difficulties in locating and
reaching their nests in large and uniform fields;
reaching their young for feeding may become dif-

oW AGE VI aGEs RO S i ot DR Re SRS ofh on diNBltHBVery dense vegetation (Wilson et al. 1997).
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To sum up, most fields and crops in modern
farmland are accessible only in the early stages of
growth and from the edges or bare patches.
Within a few weeks fields are either impenetrable
or have to be exploited by energy demanding aer-
ial hunting. If suitable food resources are lacking
close to the nest, the parents have to undertake
longer travelling distances. This is likely to
increase the energy costs of feeding nestlings.
Multi-brooded species with a long breeding sea-
son, as the Skylark, may have to shift or leave
their territories between broods.

BREEDING SUCCESS AND FARMING

Do increased energy costs of reproduction
reduce breeding success in intensively managed
farmland with a low habitat diversity? Hoopoes
breeding in the Rhone valley in southern
Switzerland feed their young on Molecrickets
Gryllotalpa gryllotalpa. These are collected in the
intensively farmed plains. As long as there were no
suitable nest-sites nearby, Hoopoes bred in natural
cavities on the foothill slopes, up to 1-2 km from
the Molecrickets (Arlettaz et al. 2000). Breeding suc-
cess declined with increasing altitude of the nest-
site above the plain, presumably due to higher
costs of transporting food from lower lying and
distant food patches. As soon as nest-boxes were
placed in the plain, these attracted the Hoopoes
closer to their food resources and this improved
their breeding success (Fournier & Arlettaz 2001).

In the Red-backed Shrike, Brandl et al. (1986)
report differences in breeding success between
habitats: More fledglings were raised in pastoral
farmland than where meadows predominate. In
contrast, Leugger-Eggimann (1997) and Schifferli
et al. (1999) found no differences in the number of
fledglings in areas farmed at different intensities,
although travelling distances were longer where
agriculture was more intensive. However, adults
and nestlings were lighter in high intensity farm-
land. Lower body conditions in birds from subop-
timal habitats might reduce future survival, as has
been shown for the Kestrel (Dijkstra et al. 1990,
Daan et al. 1996) and several other bird species
(Richner 1989, Golet et al. 1998, Wright et al. 1998,
Both et al. 1999, review in Magrath 1991).
Nevertheless, breeding success depends primari-
ly on nest predation (Farkas et al. 1997,
Soderstrom et al. 1998, Soderstrom 1999) and on
weather conditions (Stauber & Ullrich 1970, Mann

1993). In a long-term study on population dynam-
ics, Jakober & Stauber (1987) conclude that 2.9
young per pair should fledge per season for pop-
ulation stability. Whether breeding success is
above or below this threshold appears to depend
more on predation and weather conditions, two
less predictable environmental variables, than on
habitat differences. This might be expected if
birds are able to assess at the time of settlement
whether the quality of a territory allows success-
ful breeding (Goodburn 1991, Bollmann et al.
1997), at least under favourable environmental
conditions and avoid unrewarding areas.

Of special interest is a study by Richner (1989)
on the Carrion Crow Corvus c. corone, one of the
generalist species with stable or increasing popu-
lations in farmland (Hagemeijer & Blair 1997).
Richner (1989) compared broods raised in urban
habitat and rural landscape. Pairs in farmland
fledged more young; these grew more rapidly and
were heavier when leaving the nests and larger in
size, which increased their chances of acquiring a
territory. Carrion Crows breeding in farmland
therefore achieved a substantial fitness gain com-
pared to conspecifics in urban landscape.

Is the breeding success in modern farmland
with increased costs of reproduction and heavy
nest losses due to grazing animals and other farm-
ing activities still sufficient to maintain the popu-
lation? Is the number of offspring adequate to bal-
ance the annual adult mortality? Or are popula-
tions in intensively farmed landscape sinks which
depend on immigration? To estimate the produc-
tivity required for population maintenance, we
need information on the survival rate of parent
and first year birds from fledging to the next
breeding season. Peach et al. (1994) and Catchpole
et al. (1999) analysed ringing recoveries of
Lapwings to estimate juvenile and adult survival
rates. Peach et al. (1994) found mean annual sur-
vival rates of 0.705 in adults and 0.595 in juveniles.
They conclude that about one young surviving to
independence per year and pair is required to
maintain the Lapwing population. Table 2 and
Fig. 8 show the annual production of young,
based on 37 studies from 9 mainly western
European countries. On average, the annual
breeding success of the Lapwing was 0.7
young/pair and in 27 of the 37 case studies it was
below the threshold of one young/pair (Table 2,
Fig. 8). It is therefore not surprising that the
Lapwing has been decreasing in western Europe
(van Strien & Pannekoek 1998), where the bulk of

poviFoaEaRdh: KBS SENLEM S ol R RO EHARS on dhoPspalation breeds (Hagemeijer & Blair 1997).
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Fig. 8. Frequency distribution of breeding success in the
Lapwing Vanellus vanellus (number of young/pair-year surviv-
ing to at least 2-3 weeks after hatching) in 37 studies in 9
European countries (cf Table 2). Data in Kooiker & Buckow
(1997), Peach et al. (1994), Hudson et al. (1994), updated by
information in Bollmeier (1992) and Zollner (1994).

Table 2. Hatching rate of clutches and breeding success at least
10-20 days after hatching in Lapwings Vanellus vanellus in var-
ious habitats. Means and s.d. of percentage of clutches hatch-
ing and number of young surviving for at least 10-20 days
after hatching. n — the number of studies. Data from reviews
in Imboden (1970, 1974), Hudson et al. (1994), Peach et al.
(1994), Kooiker & Buckow (1997) and updated with figures in
Bollmeier (1992) and Zollner (1994).

hatching, % young/pair-season

Habitat

mean SD n mean SD n
Arable 56 20 15 0.75 0.51 10
Grassland 52 15 15 0.84 0.54 14
Pasture 46 23 0.64 0.26 6
Mixed 32 17 0.37 0.33
Unfarmed 84 2 0.91
Total 53 20 42 0.72 0.48 37

Breeding success exceeds one young (Fig. 8) in
clutches hatching in saltmarshes (Ettrup & Bak
1985), Molinetum marshland (Heim 1978), grass-
land farmed at a low intensity (Schoppenhorst
1996), spring-sown cereals or uncultivated land;
least productive are winter cereals and pastures
with heavy grazing (Bollmeier 1992). In intensive-
ly managed farmland, perspectives are best in
years with unusually rainy periods with an ade-
quate food supply at hatching and/or farming
activities delayed to after hatching. The main rea-
son for the deficit in production is the low sur-
vival of chicks. In arable land, invertebrates
retreat below the soil surface during dry periods
and soon become inaccessible to chicks. Under

crops than on meadows or saltmarshes (Ettrup &
Bak 1985), or they even starve (Matter 1982). The
parents lead broods hatching on dry arable crops
to moist depressions, grassland or open ditches
with more adequate food resources (Matter 1982,
Berg et al. 1992). Johansson & Blomgqvist (1996)
document initial movements exceeding 300 m
between nest sites and home ranges used for
chick-rearing. Families from arable fields left to
feed in the same habitats as broods from pastures.
The chances to find good food patches within
reach of the hatchlings are best in broods in or
close to uncultivated land, saltmarshes or grass-
land farmed at a low intensity (Heim 1978, Matter
1982, Etrup & Bak 1985, Bollmeier 1992, Bairlein &
Bergner 1995, Kooiker & Buckow 1997).

Movements of families in search of food are
typical for nidifugous birds. The distances cov-
ered are related to food distribution and abun-
dance. The foraging range of Pheasant families,
for example, generally increase with age (Hill &
Robertson 1988). Larger distances are covered in
low quality habitat. Negative correlations of
Pheasant and Grey Partridge chick survival with
distance moved indicate that increased travelling
distances may reduce survival and hence fitness
(Green 1984, Hill 1985).

Data on Curlew Numenius arquata (Grant et al.
1999), Black-tailed Godwit (Witt 1989, Struwe-Juhl
1995), Yellowhammer (Biber 1993b, Kyrkos 1997,
Kyrkos et al. 1998), Whinchat (Bastian & Bastian
1996) and Skylark (Wilson et al. 1997) suggest that
breeding success in modern farmland might at
least locally be insufficient for long-term popula-
tion stability. In the Skylark, the British breeding
population has been declining in recent decades,
although the success rate of individual nests has
increased (Chamberlain & Crick 1999). A possible
explanation for the population decline is that too
few females relay to replace failing nests
(Chamberlain et al. 1999). In English farmland
with intensive cereal production, 11% of broods
survived from laying to leaving the nest (Wilson
et al. 1997). Assuming a juvenile survival rate of
20-35% from leaving the nest to the next breeding
season, the parents would have to make at least
three nesting attempts to fledge sufficient young
to maintain the population. In reality, they are
unlikely to make more than one in intensively
farmed cereals. The results of detailed studies on
Skylark breeding ecology (Schldpfer 1988, Jenny
1990a,b, Fuller et al. 1995, Poulsen 1996, Weibel
1998, Chamberlain & Crick 1999, Chamberlain &
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conclusion that ,without structurally diverse crop
mosaics which allow breeding pairs to make mul-
tiple nesting attempts without recourse to territo-
ry shifts or abandonment, Skylark populations in
arable landscapes in lowland England are likely to
be demographic ,sinks”, unable to sustain their
numbers in the absence of immigration.” (Wilson
et al. 1997, p. 1475).

SUMMING UP ....

This review on birds breeding in European
farmland pinpoints some of the biologically impor-
tant features in modern land management.
Agriculture concentrates on a few highly produc-
tive crop types, growing on large and homogenous
fields; unproductive habitat elements are eliminat-
ed, crops are protected and soils improved for
increased production. These changes in the farm-
land eco-system lead to lower densities or the
absence of many specialised birds. Species breed-
ing in farmland with a reduced habitat and struc-
tural diversity may suffer from higher costs of
reproduction, reduced breeding success and chick
survival. For some species it has been shown at
least locally and for many it is suspected that birds
in modern farmland are ,sink” populations, as
they are unable to produce sufficient recruits to
maintain their numbers in the long-term.

.... AND LOOKING FORWARD

To reduce production, some farmland has
been taken out of production and to reduce agri-
cultural impact on wildlife; ,organic” and ,eco-
logical” farming is subsidised in several countries.
To document whether such measures are ade-
quate to halt or even reverse negative trends in
farmland birds, a European network of breeding
bird population monitoring is essential, as pro-
posed by the European Bird Census Council
EBCC (Marchant et al. 1997, Gibbons 1998).

Set-aside areas rarely cover more than 5-10%
of farmland. Usually, they are small plots or nar-
row strips, far apart and isolated. Case studies
mentioned in this review have shown that birds
readily settle in or close to such areas and use
them for foraging. However, little is known on the
costs of reproduction and breeding performance
in farmland with a few and scattered set-aside
areas. Coordinated ecological and population

much of farmland should be set-aside, how these
plots should be managed, of what size and how
close to each other they should be to allow suc-
cessful breeding.

Equally important is long-term and interna-
tional work on population parameters: breeding
success, first year and adult survival rates, juvenile
recruitment rates and dispersal. Examples are the
EURING Swallow Project (Jenni 1998) and various
capture-recapture programmes (Peach et al. 1998).
Little is known on survival in the first weeks after
fledgling, although it is suspected that mortality is
high immediately after fledging (Hotker 1982,
1990, Bignal et al. 1987, Thompson et al. 1997,
Kenward et al. 1999, Naef-Daenzer et al. 1999).

Thus, birds breeding in a rapidly changing
farmland and their ecology and population
dynamics provide an unique challenge for scien-
tific work with important implications in conser-
vation biology.

ACKNOWLEDGMENTS

This review is an extended version of my talk
given at the EOU Conference in Gdansk in 1999.
wish to thank the Polish Organisers for inviting
me to this Conference. The manuscript was criti-
cally read and greatly improved by my colleagues
at the Swiss Ornithological Institute: Dr. O.
Holzgang, Dr. L. Jenni, Dr. B. Naef-Daenzer, Dr. R.
Spaar, Dr. N. Zbinden and K. Evans of the Edward
Grey Institute, Oxford.

REFERENCES

Alonso J. A., Alonso J. C., Carrascal L. M., Munoz-Pulido R.
1994. Flock size and foraging decisions in central place for-
aging White Storks, Ciconia ciconia. Behaviour 129:
279-292.

Andersson M. 1981. Central place foraging in the Whinchat,
Saxicola rubetra. Ecology 62: 538-544.

Arlettaz R., Fournier J., Zbinden N. 2000. Evolution démo-
graphique (1979-1998) d’une population témoin de
Huppe fasciée Upupa epops en Valais et stratégie de con-
servation ciblée. Nos Oiseaux 47: 19-27.

Baillie S. R., Gregory R. D, Siriwardena G. M. 1997. Farmland
bird declines: patterns, processes and prospects. In:
Kirkwood R. C. (ed.). Biodiversity and conservation in
agriculture. BCPC Proc. No 69. British Crop Protection
Council, Farham.

Baines D. 1990. The roles of predation, food and agricultural
practice in determining the breeding success of the
Lapwing (Vanellus vanellus) on upland grasslands. J. Appl.

owHbidies ke meede ot st Ao XAE EindG1A on 03 Ndiesb2a9: 915- 929.

Terms of Use: https://complete.bioone.org/terms-of-use



46 L. Schifferli

Bairlein E, Bergner G. 1995. Vorkommen und Bruterfolg von
Wiesenvogeln in der nordlichen Wesermarsch,
Niedersachsen. Vogelwelt 116: 53-59.

Bastian A., Bastian H-V. 1996. Das Braunkehlchen. Opfer der
ausgerdaumten Kulturlandschaft. Aula- Verlag, Wiesbaden.

Bauer H-G., Berthold P 1997. Die Brutvogel Mitteleuropas.
Bestand und Gefdhrdung. Aula-Verlag, Wiesbaden.

Beintema A. ]. 1986. Nistplatzwahl im Griinland: Wahnsinn
oder Weisheit? Corax 11: 301-310.

Beintema A. J., Beintema-Hietbrink R. J., Miiskens G. J. D. M.
1985. A shift in the timing of breeding in meadow birds.
Ardea 73: 83-89.

Beintema A. J., Miiskens G. J. D. M. 1987. Nesting success of
birds breeding in Dutch agricultural grasslands. J. Appl.
Ecol. 24: 743-758.

Berg A., Lindberg A. T, Kéllebrink K. G. 1992. Hatching success
of Lapwings on farmland: differences between habitat
and colonies of different sizes. J. Anim. Ecol. 61: 469-476.

Berg A., Part T. 1994. Abundance of breeding farmland birds
on arable and set-aside fields at forest edges. Ecography
17: 147-152.

Berthold P, Fliege G., Querner U., Winkler H. 1986. Die
Bestandsentwicklung von Kleinvégeln in Mitteleuropa:
Analyse von Fangzahlen. J. Ornithol. 127: 397-437.

Beser H. J., von Helden-Sarnowski S. 1982. Zur Okologie einer
Ackerpopulation des Kiebitzes (Vanellus vanellus).
Charadrius 18: 93-113.

Bezzel E. 1982. Vogel in der Kulturlandschaft. Eugen Ulmer
Verlag, Stuttgart.

Biber O. 1993a. Raumnutzung der Goldammer Emberiza cit-
rinella fur die Nahrungssuche zur Brutzeit in einer inten-
siv genutzten Agrarlandschaft (Schweizer Mittelland).
Ornithol. Beob. 90: 283-296.

Biber O. 1993b. Bestand und Bruterfolg der Goldammer
Emberiza citrinells in einer intensiv genutzten
Agrarlandschaft (Schweizer Mittelland). Ornithol. Beob.
90: 53-65.

Bignal E., Monaghan P, Benn S., Bignal S., Still E., Thompson
P M. 1987. Breeding success and post-fledging survival in
the Chough Pyrrhocorax pyrrhocorax. Bird Study 34: 39—-42.

Bollmann K., Reyer H-U., Brodmann P A. 1997. Territory qual-
ity and reproductive success: can Water Pipits Anthus spin-
oletta assess the relationship reliably? Ardea 85: 83-98.

Bollmeier M. 1992. Brutbestandserfassung von Kiebitz Vanellus
vanellus, Grossem Brachvogel Numenius arquata und
Uferschnepfe Limosa limosa 1992 in Stidniedersachsen.
Vogelkdl. Berichte Niedersachsen 24: 77-95.

Both Ch., Visser M., Verboven N. 1999. Density-dependent
recruitment rates in great tits: the importance of being
heavier. Proc. R. Soc. Lond. B, 266: 465-469.

Brandl R., Liibcke W, Mann W. 1986. Habitatwahl beim
Neuntoter Lanius collurio. J. Ornithol. 127: 69-78.

Brandt T, Seebass C. 1994. Die Schleiereule. Okologie eines
heimlichen Kulturfolgers. Aula-Verlag, Wiesbaden.

Brodmann P A., Reyer H.-U., Baer B. 1997. The relative impor-
tance of habitat structure and of prey characteristics for
the foraging success of Water Pipits (Anthus spinoletta).
Ethology 103: 222-235.

Brooke M. de L. 1979. Differences in the quality of territories
held by Wheatears (Oenanthe oenanthe). J. Anim. Ecol. 48:

Brooke M. de L. 1981. How an adult Wheatear (Oenanthe
oenanthe) uses its territory when feeding nestlings. J.
Anim. Ecol. 50: 683-696.

Brooks D., Bater J., Jones H., Shah P A. 1995. The effect of
organic farming regimes on breeding and wintering bird
populations. Part IV: invertebrate and weed food sources
for birds in organic and conventional systems. BTO
Research Rep. 154. Brit. Trust for Ornithology, Thetford.

Brownsmith C. B. 1977. Foraging rates of Starlings in two habi-
tats. Condor 79: 386-387.

Bryant D. M, Turner A. K. 1982. Central place foraging by swal-
lows (Hirundinidae): The question of load size. Anim.
Behav. 30: 845-856.

Buner E 1998. Habitat use of wintering Kestrels (Falco tinnun-
culus) in relation to perch availability, vole abundance and
spatial distribution. Diploma Thesis, University of Basel
and Swiss Ornithological Institut.

Campbell L. H., Avery M. I, Donald P E, Evans A. D., Green R.
E., Wilson J. D. 1997. A review of the indirect effects of pes-
ticides on birds. Joint Nature Conservation Committee
Rep. 227. Joint Nature Conservation Committee,
Peterborough.

Carlson A. 1985. Central place food caching: a field experiment
with Red-backed Shrikes (L.). Behav. Ecol. Sociobiol. 16:
317-322.

Carlson A., Moreno J. 1985. Central place foraging in the
wheatear (Oenanthe oenanthe L.): foraging itineraries when
feeding nestlings. Behav. Ecol. Sociobiol. 16: 307-316.

Catchpole E. A., Morgan B. J. T, Freeman S. N., Peach W. J.
1999. Modelling the survival of British Lapwings Vanellus
vanellus using ring-recovery data and weather covariates.
Bird Study (suppl.) 46: 5-13.

Chamberlain D. E., Crick H. Q. P 1999. Population declines and
reproductive performance of Skylarks Alauda arvensis in
different regions and habitats of the United Kingdom. Ibis
141: 38-51.

Chamberlain D. E., Gregory R. D. 1999. Coarse and fine scale
habitat associations of breeding Skylarks Alauda arvensis in
the UK. Bird Study 46: 34-47.

Chamberlain D. E., Wilson A. M., Browne S. ., VicariJ. A. 1999.
Effects of habitat type and management on the abundance
of skylarks in the breeding season. J. Appl. Ecol. 36:
856-870.

Chiverton P A. 1999. The benefits of unsprayed cereal crop
margins to Grey Partridges Perdix perdix and Pheasants
Phasianus colchicus in Sweden. Wildl. Biol. 5: 83-92.

Christiansen K. D., Jacobsen E. M., NOhr H. 1996. A compara-
tive study of bird faunas in conventionally and organical-
ly farmed areas. Dansk Ornithol. Foren. Tiddskrift 90:
21-28.

Crick H. Q. P, Dudley C., Evans A. D., Smith K. W. 1994. Causes
of nest failures among buntings in the UK. Bird Study 41:
88-94.

Cuthill I. C., Houston A. 1. 1997. Managing time and energy. In:
Krebs J. R., Davies N. B. (eds.). Behavioural Ecology.
Blackwell Sciences, Oxford. pp. 97-120.

Daan S. C., Deerenberg C., Dijkstra C. 1996. Increased daily
work precipitates natural death in the Kestrel. J. Anim.
Ecol. 65: 539-544.

Dijkstra C., Bult A., Bijlsma S., Daan S., Meijer T, Zijlstra M.

Downloatibd®Prom: https://complete.bioone.org/journals/Acta-Omithologica on 03 Nch?282Brood size manipulation in the kestrel Falco tinnun-
Terms of Use: https://complete.bioone.org/terms-of-use



Birds breeding in a changing farmland 47

culus: effects on offspring and parental survival. J. Anim.
Ecol. 59: 269-285.

Dittberner H., Dittberner W. 1984. Die Schafstelze Motacilla
flava. Neue Brehm Biicherei, Ziemsen Verlag, Wittenberg
Lutherstadt.

Drent R. H, Daan S. 1980. The prudent parent: Energetic
adjustments in avian breeding. Ardea 68: 225-252.

Eiserer L. A. 1980. Effects of grass length and mowing on for-
aging behavior of the American Robin (Turdus migratorius).
Auk 97: 576-580.

Eisloffel E 1996. Untersuchungen zur Okologie von Vogeln in
rheinland-pfélzischen Feldlandschaften. Vogelwelt 117:
199-203.

Ettrup H., Bak B. 1985. Breeding success, clutch size and young
production of Danish Lapwings (Vanellus vanellus). Dansk
Ornithol. Foren. Tiddskrift 79: 43-55.

Farkas R., Horvéth R., Pasztor L. 1997. Nesting success of the
Red-backed Shrike (Lanius collurio) in a cultivated area.
Ornis Hung. 7: 27-37.

Fischer S., Schneider R. 1996. Die Grauammer Emberiza calan-
dra als Leitart der Agrarlandschaft. Vogelwelt 117: 225-234.

Fournier J., Arlettaz R. 2001. Food provision to nestlings in the
Hoopoe Upupa epops: implications for the conservation of a
small endangered population in the Swiss Alps. Ibis. 143:
2-10.

Frey-Roos F, Brodmann P. A., Reyer H-U. 1995. Relationships
between food resources, foraging patterns, and reproduc-
tive success in the water pipit, Anthus spinoletta. Behav.
Ecol. 6: 287-295.

Fuller R. J. 1997. Responses of birds to organic arable farming:
mechanisms and evidence. In Kirkwood R. C. (ed.).
Biodiversity and Conservation in Agriculture. BCPC Proc.
No 69. Farnham: Brit. Crop Protection Council. pp.
897-906.

Fuller R. J., Gregory R. D., Gibbons D. W,, Marchant J. H,,
Wilson D. J., Baillie S. R., Carter N. 1995. Population
declines and range contractions among lowland farmland
birds in Britain. Conservation Biology 9: 1425-1441.

Fuller R. J., Trevelyan R. J., Hudson R. W. 1997. Landscape
composition models for breeding bird populations in low-
land English farmland over a 20 year period. Ecography
20: 295-307.

Galbraith H. 1988. Effects of agriculture on the breeding ecolo-
gy of lapwings Vanellus vanellus. J. Appl. Ecol. 25: 487-503.

Gibbons D. W. 1998. Pan-European breeding bird monitoring.
Bird Census News 11: 42-45.

Gliick E. 1980. Erndhrung und Nahrungsstrategie des
Stieglitzes Carduelis carduelis L. Okol. Vogel 2: 43-91.

Glutz von Blotzheim U. N., Bauer M., Bezzel E. (ed.). 1973.
Handbuch der Végel Mitteleuropas, Vol. 5. Akad.
Verlagsges., Frankfurt a.M.

Glutz von Blotzheim U. N., Bauer K. M. 1985. Handbuch der
Vogel Mitteleuropas. Vol. 10. Aula Verlag, Wiesbaden.
Glutz von Blotzheim U. N., Bauer K. M. 1993. Handbuch der
Vogel Mitteleuropas. Vol. 13. Aula Verlag, Wiesbaden
Golet G. H., Irons D. B., Estes J. A. 1998. Survival costs of chick

rearing in Black-legged Kittiwakes. ]. Anim. Ecol. 67: 827-841.

Goodburn S. F 1991. Territory quality or bird quality? Factors

determining breeding success in the Magpie Pica pica. Ibis

Gorlich A. 1997. Untersuchungen zu Habitatnutzung und
Beuteerwerb beim Mittelmeer-Raubwiirger Lanius meridion-
alis. Diploma Thesis, Georg-August University, Gottingen.

Grant M. C., Orsman C., Easton J.,, Lodge C., Smith M.,
Thompson G., Rodwell S., Moore N. 1999. Breeding suc-
cess and causes of breeding failure of Curlew Numenius
arquata in Northern Ireland. J. Appl. Ecol. 36: 59-74.

Green R. E. 1984. The feeding ecology and survival of par-
tridge chicks (Alectoris rufa and Perdix perdix) on arable
farmland in East Anglia. J. Appl. Ecol. 21: 817-830.

Greigh-Smith P W. 1983. Use of perches as vantage points dur-
ing foraging by male and female Stonechats Saxicola
torquata. Behaviour 86: 213-236.

Griesser M., Hegelbach J. 1999. Territrorialitdt und Brutbiologie
der Feldlerche Alauda arvensis in extensiv bewirtschafteten
Wiesen des Flughafens Ziirich-Kloten. Ornithol. Beob. 96:
73-82.

Guldemond J. A., Parmentier E, Visbeen E 1993. Meadow
birds, field management and nest protection in a Dutch
peat soil area. Wader Study Group Bull. 70: 42—48.

Hagemeijer W. J. M., Blair M. J. (eds). 1997. The EBCC Atlas of
European Breeding Birds; their distribution and abun-
dance. T & A D Poyser, London

Hanski I, Tiainen J. 1988. Populations and communities in
changing agro-ecosystems in Finland. Ecol. Bull. 39: 159-168.

Hartley J. R., Shepherd M., Thompson D. B. A. 1995. Habitat
selection and polygyny in breeding Corn Buntings,
Miliaria calandra. Ibis 137: 508-514.

Heim J. 1978. Populationsokologische Daten aus der Nuoler
Kiebitzkolonie. Ornithol. Beob. 75: 85-94.

Henderson I. G, Vickery J. A., Fuller R. 2000. Summer bird
abundance and distribution on set- aside fields on inten-
sive arable farms in England. Ecography 23: 50-59.

Hildén O., Koskimies P, Sharrock J. T. R. 1988. The study of
long-term trends in distribution and numbers of birds by
means of questionnaires. Ardeola 35: 15-30.

Hildén O., Sharrock J. T. R. 1985. A summary of recent avian
range changes in Europe. Acta XVII Congr. Int. Orn. 1982,
Moscow: 716-736.

Hill D. A. 1985. The feeding ecology and survival of Pheasant
chicks on arable farmland. J. Appl. Ecol. 22: 645-654.

Hill D., Robertson P. 1988. The Pheasant. Ecology,
Management and Conservation. BSP Professional Books,
London.

Hotker H. 1982. Zum Verhalten junger Wiesenpieper (Anthus
pratensis) nach der Nestlingszeit. Vogelwelt 103: 1-16.
Hotker H. 1988. Lifetime reproductive output of male and female
Meadow Pipit Anthus pratensis. ]. Anim. Ecol. 57: 109-117
Hotker H. 1990. Der Wiesenpieper Anthus pratensis. Neue

Brehm Biicherei, Ziemsen Verlag, Wittenberg Lutherstadt.

Hudson R., Tucker G. M., Fuller R. ]. 1994. Lapwing Vanellus
vanellus populations in relation to agricultural changes: a
review. In: Tucker G. M., Davies S. M., Fuller R.]. (eds). The
ecology and conservation of Lapwings Vanellus vanellus.
Joint Nature Cons. Comm., UK Nature Cons. No. 9,
Peterborough. pp. 1-33.

Imboden Ch. 1970. Zur Oekologie einer Randzonen-
Population des Kiebitz Vanellus vanellus in der Schweiz.
Ornithol. Beob. 67: 41-58.

Imboden Ch. 1974. Zug, Fremdansiedlung und Brutperiode
des Kiebitz Vanellus vanellus in Europa. Ornithol. Beob. 71:

Downloal®d I&%Ti?:onttps://complete.bioone.org/journaIs/Acta—OrnithoIogica on 03 Nov 3844
Terms of Use: https://complete.bioone.org/terms-of-use



48 L. Schifferli

Jakober H., Stauber W. 1987. Zur Populationsdynamik des
Neuntoters Lanius collurio. Beih. Veroff. Naturschutz
Landschaftspl. Bad.-Wiirtt. 48: 25-53.

Jenni L. 1998. EURING Swallow Project. Field Mannual. EUR-
ING, Sempach.

Jenny M. 1990a. Nahrungsockologie der Feldlerche Alauda
arvensis in einer intensiv genutzten Agrarlandschaft des
schweizerischen Mittellandes. Ornithol. Beob. 87: 31-53.

Jenny M. 1990b. Territorialitat und Brutbiologie der Feldlerche
Alauda  arvensis in einer intensiv  genutzten
Agrarlandschaft. J. Ornithol. 131: 241-265.

Jenny M., Lugrin B., Weibel U., Regamey ].-L., Zbinden N.
1997. Der okologische Ausgleich in intensiv genutzten
Ackerbaugebieten der Champagne genevoise GE und des
Klettgaus SH und seine Bedeutung fiir Vogel, Pflanzen
und ausgewdhlte Wirbellose. Swiss Ornithological
Institute, Sempach.

Johansson O. C., Blomqvist D. 1996. Habitat selection and diet
of Lapwing Vanellus vanellus chicks on coastal farmland in
SW Sweden. J. Appl. Ecol. 33: 1030-1040.

Kennedy P J. 1992. Ground beetle communities on set-aside
and adjacent habitats. In: Clarke J. (ed.). Set-aside. British
Crop Protection Council Monograph 50: 159-164.

Kenward R. E., Marcstrom V., Karlbom M. 1999. Demographic
estimates from radio-tagging: models of age-specific sur-
vival and breeding in the Goshawk. J. Anim. Ecol. 68:
1020-1033.

Klomp H. 1954. De terreinkeus van de kievit Vanellus vanellus
(L.). Ardea 42: 1-139.

Kooiker G. 1990. Bestandsentwicklung und Bruterfolg einer
Kiebitzpopulation (Vanellus vanellus) im Agrargebiet bei
Osnabriick. Vogelwelt 111: 202-216.

Kooiker G., Buckow C. V. 1997. Der Kiebitz. Flugkiinstler im
offenen Land. Aula-Verlag, Wiesbaden.

Krebs J. R., Davies N. B. (eds). 1993. An introduction to behav-
ioural ecology. Blackwell Sciences, Oxford.

Krebs J. R., Davies N. B. (eds). 1997. Behavioural ecology.
Blackwell Science, Oxford.

Kristin A. 1993. Contribution to ecology and distribution of
Hoopoe (Upupa epops). Tichodroma 6: 175-186

Kyrkos A. 1997. Behavioural responses of Yellowhammers to
variation in agricultural practices. PhD thesis, Oxford
University, Oxford.

Kyrkos A., Wilson J. D., Fuller R. J. 1998. Farmland habitat
change and abundance of Yellowhammers Emberiza cit-
rinella: an analysis of Common Bird Census data. Bird
Study 45: 232-246.

Labhardt A. 1988a. Zum Bruterfolg des Braunkehlchens
(Saxicola  rubetra) in  Abhédngigkeit von der
Griinlandbewirtschaftung in den  Westschweizer
Voralpen. Beih. Vero6ff. Naturschutz Landschaftspflege
Bad.-Wiirtt. 51: 159-178.

Labhardt A. 1988b. Siedlungsstruktur von Braunkehlchen-
Populationen auf zwei Hohenstufen der Westschweizer
Voralpen. Beih. Veroff. Naturschutz Landschaftspflege
Bad.-Wiirtt. 51: 139-158.

Lambelet-Haueter C. 1995. Etude de la végétation de friches
spontanées dans le canton de Genéve. Candollea 50:
329-349.

Laussmann H., Plachter H. 1998. Der Einfluss der

Vogelfauna: Ein Fallbeispiel aus Stiddeutschland.
Vogelwelt 119: 7-19.

Lefranc N. 1993. Les Pies-grieches d’Europe, d’Afrique du
Nord et du Moyen-Orient. Delachaux- Niestlé, Lausanne.

Leisler B. 1975. Die Bedeutung der Fussmorphologie fiir die
6kologische Sonderung mitteleuropaischer Rohrsédnger
und Schwirle. J. Ornithol. 116: 117-153.

Leisler B. 1980. Morphological aspects of ecological specializa-
tion in bird genera. Okol. Vogel 2: 199-220.

Leugger-Eggimann U. 1997. Parental expenditure of Red-
backed Shrikes Lanius collurio, in habitats of varying farm-
ing intensity. PhD thesis, University of Basel and Swiss
Ornithological Institute.

Lille R. 1996. Zur Bedeutung von Brachflichen fiir die
Avifauna der Agrarlandschaft: Eine nahrungsokologische
Studie an der Goldammer Emberiza citrinella.
Agrarokologie 21: 1-150.

Loske K. H. 1993. Untersuchungen zu Uberlebensstrategien
der Rauchschwalbe (Hirundo rustica) im Brutgebiete. Diss
Rhein. Friedrich-Wilhelms-Univ. Bonn. Cuvillier Verlag,
Gottingen.

Lugrin B. 1999. Habitat, densité et évolution de la population
de Tarier patre Saxicola torquata du canton de Genéve. Nos
Oiseaux 46: 219-228.

MacArthur R. H., Wilson E. O. 1967. The theory of island bio-
geography. Princeton University Press, Princeton.

Mick U. 1998. Populationsbiologie und Raumnutzung der
Elster (Pica pica Linnaeus 1758) in einem urbanen Okosys-
tem — Untersuchungen im Grossraum Ulm. Okol. Végel
20: 1-215.

Magrath R. D. 1991. Nestling weight and juvenile survival in
the Blackbird, Turdus merula. J. Anim. Ecol. 60: 335-351.
Mann W, Brandl R. 1986. Nestlingswachstum und
Niederschlag beim Neuntoter (Lanius collurio). J. Ornithol.

127: 97-98.

Marchant J., Forest C., Greenwood ]J. J. D. 1997. A review of
large-scale generic population monitoring schemes in
Europe. Bird Census News 10: 42-79.

Masman D., Klaassen M. 1987. The energy expenditure during
free flight in trained and free-living Eurasian Kestrels
(Falco tinnunculus). Auk 104: 603-616.

Mason C. E, MacDonald S. M. 1999. Habitat use by Lapwings
and Golden Plovers in a largely arable landscape. Bird
Study 46: 89-99.

Matter H. 1982. Einfluss intensiver Feldbewirtschaftung auf
den Bruterfolg des Kiebitzes Vanellus wvanellus in
Mitteleuropa. Ornithol. Beob. 79: 1-24.

Maurer B. A. 1996. Energetics of avian foraging. In: Carey C.
(ed.). Avian energetics and nutritional ecology. Chapman
& Hall, London. pp. 250-279.

Mayor J. P, Lambelet-Haueter C. 1996. Evolution comparée de
la végétation d'une friche spontanée et d'une jachere flo-
rale. Rev. suisse d’agriculture 28: 337-342.

Meury M. 1989. Siedlungsdichte und Raumnutzung des
Baumpiepers Anthus trivialis im inselartig verteilten
Habitat des aargauischen Reusstals. Ornithol. Beob. 86:
105-135.

Meury R. 1991. Zur Nahrungsokologie des Baumpiepers
Anthus trivialis in einem Landwirtschaftsgebiet des
schweizerischen Mittellandes. Ornithol. Beob. 88: 57-72.

Moreby S. J., Aebischer N. J. 1992. Invertebrate abundance on

DownloalBa 3tk tHitEnaSnpIRteibaRslyrischalitRetsiehsiRbb e on 03 NGFHRRly fields and set-aside land: implications for wild

Terms of Use: https://complete.bioone.org/terms-of-use



Birds breeding in a changing farmland 49

gamebird chicks. In: Clarke J. (ed.). Set-aside. British Crop
Protection Council Monograph 50: 181-186.

Moreby S. J., Aebischer N. J., Southway S. E., Sotherton N. W,
1994. A comparison of the flora and arthropod fauna of
organically and conventionally grown wheat in southern
England. Annals of Appl. Biol. 125: 13-27.

Moreno ]. 1984. Search strategies of Wheatears (Oenanthe
oenanthe) and Stonechats (Saxicola torquata): adaptive vari-
ation in perch height, search time, sally distance and inter-
perch move length. J. Anim. Ecol. 53: 147-159.

Morse D. H. 1980. Behavioral mechanisms in ecology. Harvard
University Press, Cambridge, Massachusetts.

Moller A. P. 1990. Changes in the size of avian breeding terri-
tories in relation to the nesting cycle. Anim. Behav. 40:
1070-1079.

Naef-Daenzer B., Widmer E, Nuber M. 1999. Is the timing of
breeding in Great and Coal Tit adapted to maximum
nestling food or to avoid juvenile predation. In: Adams N.,
Slotow R. (eds). Proc. XXII Int. Orn. Congr. Durban, Univ.
Natal: 1406-1415.

Newton I. 1979. Population Ecology of Raptors. T & A D
Poyser.

O’Connor R.J., Shrubb M. 1986. Farming and Birds. University
Press, Cambridge.

Odderskaer P, Prang A., Poulsen ]J. G., Andersen P N.,
Elmegaard N. 1997. Skylark (Alauda arvensis) utilisation of
micro-habitats in spring barley fields. Agriculture,
Ecosystems and Environment 62: 21-29.

Pain D. J., Pienkowski M. W. (eds.). 1997. Farming and Birds in
Europe. Academic Press, London.

Panek M. 1997. The effect of agricultural landscape structure
on food resources and survival of grey partridge Perdix
perdix chicks in Poland. J. Appl. Ecol. 34: 787-792.

Peach W.]., Baillie S. R., Balmer D. E. 1998. Long-term changes
in the abundance of passerines in Britain and Ireland as
measured by constant effort mist-netting. Bird Study 45:
257-275.

Peach W. J., Thompson P S., Coulson ]J. C. 1994. Annual and
long-term variation in the survival rates of British lap-
wings Vanellus vanellus. J. Appl. Ecol. 63: 60-70.

Petersen B. S. 1994. Interactions between birds and agriculture
in Denmark: from simple counts to detailed studies of
breeding success and foraging behaviour. In: Hagemeijer E.
J. M., Verstrael T. J. (eds). Bird Numbers 1992. Distribution,
monitoring and ecological aspects. Statistics Netherlands,
Voorburg/Heerlen, SOVON, Beek-Ubbergen. pp. 49-56.

Petersen S. 1998. The distribution of Danish farmland birds in
relation to habitat characteristics. Ornis Fenn. 75: 105-118.

Petersen S., Falk K., Bjerre K. D. 1995. Yellowhammer studies on
organic and conventional farms. Pesticide Research No. 15.
Danish Environmental Protections Agency, Copenhagen.

Potter C. 1997. Europe’s changing farmland. In: Pain D. J.,
Pienkowski M. W. (eds.). Farming and Birds in Europe.
Academic Press, London. pp. 25-42.

Potts D. 1997. Cereal farming, pesticides and grey partridges.
In: Pain D. J., Pienkowski M. W. (eds). Farming and Birds
in Europe. Academic Press, London. pp. 150-177.

Poulsen ]. G. 1996. Behaviour and parental care of Skylark
Alauda arvensis chicks. Ibis 138: 525-531.

Pulliainen E. 1984. Changes in the composition of the autumn
food of Perdix perdix in west Finland over 20 years. J. Appl.

Rands M. R. W. 1988. The effect of nest site selection on nest
predation in Grey Partridge Perdix perdix and Red-legged
Partridge Alectoris rufa. Ornis Scand. 19: 35-40.

Rands M. R. W,, Southerton N. W. 1992. The impact of the
selective use of pesticides at the edges of cereal crops on
wild gamebird stocks in Britain. In: Bobek B., Perzanowski
K., Regelin W. L. (eds). Global trends in wildlife manage-
ment, Vol. 2, Transactions XVIII Congr. Int. Union Game
Biol. pp. 299-303.

Rehsteiner U. P 2000. Breeding ecology of the Woodchat
Shrike Lanius senator in one of its strongholds, south-west-
ern Spain. PhD. Thesis, University of Basel and Swiss
Ornithological Institute, Sempach.

Richner H. 1989. Habitat-specific growth and fitness in Carrion
Crows Corvus corone corone. J. Anim. Ecol. 58: 427-440.
Robertson J., Berg A. 1992. Status and population changes in
farmland birds in southern Sweden. Ornis Svec. 2:

119-130.

Rothaupt G. 1995. Current status and habitat of the Great Grey
Shrike in Germany. Proc. West. Found. Vert. Zool. 6:
122-127.

Rudin M. 1990. Bruterfolg und Fiitterungsverhalten des
Neuntoters Lanius collurio in der Nordwestschweiz.
Ornithol. Beob. 87: 243-252.

Rudolph S. G. 1982. Foraging strategies of American Kestrels
during breeding. Ecology 63: 1268-1276.

Sakl P 1989. Zur Erndahrungsbiologie und Habitatnutzung des
Weissstorchs. Vogelschutz in Osterreich 4: 6-10.

Saris E, Van Dijk A. J., Hustings M. E H., Lensink R., Van
Scharenburgh C. W. M. 1994. Breeding birds in the chang-
ing agricultural environment in the Netherlands in the 20th
century. In: Hagemeijer E. J. M., Verstrael T. ] (eds.). Bird
Numbers 1992. Proc. XII Int.Conf. IBCC and EOAC,
Noordwijkerhout, The Netherlands. Statistics Netherlands,
SOVON, Voorburg/Heerlen. pp. 75-85.

Schiffer N. 1999. Habitatwahl und Partnerschaftsystem von
Tupfelralle Porzana porzana und Wachtelkonig Crex crex.
Okol. Vogel 21: 1-267.

Schaub M. 1996. Jagdverhalten und Zeitbudget von
Rotkopfwiirgern Lanius senator in der Nordwestschweiz. J.
Ornithol. 137: 213-227.

Schifferli L. 1989. Die naturnahen Walliser Kulturlandschaften:
Biotope von nationaler Bedeutung fiir Vogelarten. Bull.
Murithienne 107: 9-19.

Schifferli L. 1993. Die Vogel der Agrarlandschaft der Schweiz.
Rev. suisse Zool. 100: 501-518.

Schifferli L. 1998. Brutvogel in unterschiedlich genutzten
Kulturlandschaften. Mitt. Naturf. Ges. Bern, Neue Folge
55: 183-190.

Schifferli L. 2000. Changes in agriculture and the status of birds
breeding in European farmland. In: Aebischer N. J., Evans
A. D., Griece PV, Vickery J. A. Proc. Bou Conf., pp. 17-25.

Schifferli L., Fuller R. J., Miiller M. 1999. Distribution and habi-
tat use of bird species breeding on Swiss farmland in rela-
tion to agricultural intensification. Vogelwelt 120, Suppl.:
151-162.

Schlapfer A. 1988. Populationsokologie der Feldlerche Alauda
arvensis in der intensiv genutzten Agrarlandschaft.
Ornithol. Beob. 85: 309-371.

Schmid H., Luder R., Naef-Daenzer B., Graf R., Zbinden N.

DownloaBE8IF ek 1Rfpd:Homplete.bioone.org/journals/Acta-Omithologica on 03 N?28p2chweizer Brutvogelatlas. Verbreitung der Brutvogel
Terms of Use: https://complete.bioone.org/terms-of-use



50 L. Schifferli

in der Schweiz und im Fiirstentum Lichtenstein, 1993-96.
Swiss Ornithological Institute, Sempach.

Schoener T. W. 1968. Sizes of feeding territories among birds.
Ecology 49: 123-141.

Schon M. 1994. Kennzeichen des Raubwiirger-Lebensraumes
(Lanius e. excubitor) im Gebiet der siidwestlichen
Schwibischen Alb: Jahreszeitliche Nutzung und Revier-
Grosse, Strukturmerkmale und -Verdnderungen,
Kleinstrukturen und Bewirtschaftung. Okol. Végel 16:
253-496.

Schon M. 1999. Zur Bedeutung von Kleinstrukturen im
Ackerland: Bevorzugt die Feldlerche (Alauda arvensis)
Storstellen mit Kiimmerwuchs? J. Ornithol. 140: 87-91.

Schoppenhorst A. 1996. Auswirkungen der Griinlandextensiv-
ierung auf den Bruterfolg von Wiesenvogeln im Bremer
Raum. Brem. Beitr. Naturkde Naturschutz 1/96: 117-123.

Seastedt T. R., MacLean S. F 1979. Territory size and composi-
tion in relation to resource abundance in Lapland
Longspurs breeding in Arctic Alaska. Auk 96: 131-142.

Shrubb M. 1990. Effects of agricultural change on nesting
Lapwings Vanellus vanellus in England and Wales. Bird
Study 37: 115-127.

Siriwardena G. M., Baillie S. R., Buckland S. T,, Fewster R. M.,
Marchant J. H., Wilson J. D. 1998. Trends in the abundance
of farmland birds: a quantitative comparison of smoothed
Common Bird Census indices. J. Appl. Ecol. 35: 24-43.

Soderstrom B., Pért T, Rydén J. 1998. Different nest predator
faunas and nest predation risk on ground and shrub nests
at forest ecotones: an experiment and a review. Oecologia
117: 108-118.

Soderstrom B. 1999. Farmland birds in semi-natural pastures.
PhD. thesis, Swedish University of Agricultural Sciences,
Uppsala.

Sodhi N. S. 1992. Central place foraging and prey preparation
by a specialist predator, the Merlin. J. Field Ornithol. 63:
71-76.

Solari C., Schudel H. 1988. Nahrungserwerb des Neuntoters
Lanius collurio wahrend der Fortpflanzungszeit. Ornithol.
Beob. 85: 81-90.

Spaar R., Schifferli L. 1998. Vogel in der Kulturlandschaft:
Beispiel Wallis. Bericht Schweiz. Vogelwarte, Sempach.
Stauber W., Ullrich B. 1970. Der Einfluss des nasskalten
Frithjahres 1969 auf eine Population des Rotriicken-
wiirgers Lanius collurio und des Rotkopfwiirgers Lanius

senator in Stidwestdeutschland. Vogelwelt 91: 213-221.

Stephens D. W, Krebs J. R. 1986. Foraging theory. Princeton
University Press, Prince.

Stoate C., Moreby S. J. 1995. Do yellowhammers benefit from
habitat conservation for game? Game Conservancy
Review of 1994: 66. Game Conservancy Trust,
Fordingbridge.

Stoate C., Moreby S. J., Szczur ]. 1998. Breeding ecology of
farmland Yellowhammers Emberiza citrinella. Bird Study
45: 109-121.

Struwe-Juhl B. 1995. Auswirkungen der Renaturierungsmass-
nahmen im Hohner See-Gebiet auf Bestand, Bruterfolg
und Nahrungsokologie der Uferschnepfe (Limosa limosa).
Corax 16: 153-172.

Tinbergen J. M. 1981. Foraging decisions in Starlings (Sturnus
vulgaris L.). Ardea 69: 1-67.

Thompson D., Baillie S., Peach W. 1997. The demography and

ods of population stability and decline. J. Anim. Ecol. 66:
414-424.

Tiainen J., Hanski I. K., Pakkala T., Piirioinen J., Yrjold R. 1989.
Clutch-size, nestling growth and nestling mortality of the
Starling Sturnus vulgaris in south Finnish agroenviron-
ments. Ornis Fenn. 66: 41-48.

Tryjanowski P 1997. Changes in population size of the
Yellowhammer (Emberiza citrinella) in farmland of western
Poland. Ring 19: 127-133.

Tryjanowski P, Hromada M., Antczak M. 1999. Breeding habi-
tat selection in the Great Grey Shrike Lanius excubitor —
the importance of meadows and spring crops. Acta
Ornithol. 34: 59-63.

Tucker G. 1997. Priorities for bird conservation in Europe: the
importance of the farmland landscape. In Pain D. J.,
Pienkowski M. W. (eds). Farming and Birds in Europe.
Academic Press, London. pp. 79-116.

Tucker G. M., Heath M. E 1994. Birds in Europe: their conser-
vation status. BirdLife Conservation Series, No. 3: 79-116.
BirdLife International, Cambridge.

Tye A. 1992. Assessment of territory quality and its effects on
breeding success in a migrant passerine, the Wheatear
Oenanthe oenanthe. Ibis 134: 273-285.

Tyler G. A, Green R., Casey C. 1998. Survival and behaviour of
Corncrake Crex crex chicks during the mowing of agricul-
tural grassland. Bird Study 45: 35-50.

Van Strien A., Pannekoek ]. 1998. A pilot study on
Euromonitoring. Bird Census News 11: 46— 49.

Village A. 1990. The Kestrel. T & A D Poyser, London.

Wakeham-Dawson A., Szoszkiewicz K., Stern K., Aebischer N.
J. 1998. Breeding Skylarks Alauda arvensis on environmen-
tally sensitive area arable reversion grass in southern
England: survey-based and experimental determination
of density. J. Appl. Ecol. 35: 635-648.

Ward R., Aebischer N. J. 1994. Changes in Corn Bunting distri-
bution on the South Dows in relation to agricultural land
use and cereal invertebrates. English Nature Res. Reports
No. 129.

Weibel U. 1998. Habitat use of foraging skylarks (Alauda arven-
sis L.) in an arable landscape with wildflower strips. Bull.
Geobot. Inst. ETH, Ziirich 64: 37-45.

Wilson J. 1995. The effect of organic farming systems on breed-
ing and wintering bird populations. In: Carter S. (ed.).
Britain’s birds in 1991-92: the conservation and monitor-
ing review. BTO/JNCC: 67-72.

Wilson J. D., Evans J., Browne S. J., King J. R. 1997. Territory
distribution and breeding success of skylarks Alauda arven-
sis on organic and intensive farmland in southern
England. J. Appl. Ecol. 34: 1462-1478.

Wilson Ph. J. 1992. The natural regeneration of vegetation
under set-aside in southern England. In: Clarke J. (ed.).
Set-aside. British Crop Protection Council Monograph 50:
73-78.

Witt H. 1986. Reproduktionserfolge von Rotschenkel (Tringa
totanus), Uferschnepfe (Limosa limosa) und Austernfischer
(Haematopus  ostralegus) in  intensiv ~ genutzten
Griinlandgebieten — Beispiele fiir eine ,irrtiimliche”
Biotopwahl sogenannter Wiesenvogel. Corax 11: 262-300.

Witt H. 1989. Auswirkungen der Extensivierungsforderung
auf Bestand und Bruterfolg von Uferschnepfe und
Grossen Brachvogel in Schleswig-Holstein. Ber. Dt. Sekt.

Downloa®@8 fR&efiipantahpmxiNebat SPaBIaRGs GRS BEEA on 03 NdRbdBat Vogelschutz 28: 43-76.

Terms of Use: https://complete.bioone.org/terms-of-use



Birds breeding in a changing farmland 51

Wright J., Both C., Cotton P A., Bryant D. 1998. Quality vs.
quantity: energetics and nutritional trade-offs in parental
provisioning strategies. J. Anim. Ecol. 67: 620-634.

Yosef R. 1993. Influence of observation posts on territory size
of Northern Shrikes. Wilson Bull. 105: 180-183.

Yosef R., Grubb T. C. Jr 1993. Effect of vegetation height on
hunting behavior and diet of Loggerhead Shrikes. Condor
95: 127-131.

Zbinden N. 1989. Beurteilung der Vogelwelt in der Schweiz in
den 1980er Jahren. Rote Liste der gefdhrdeten und verlet-
zlichen Vogelarten der Schweiz. Ornithol. Beob. 86:
235-241.

Zollner T. 1994. Untersuchungen zur Populationsbiologie des
Kiebitzes (Vanellus vanellus) in der Oberlausitz. Mitt. Ver.
Sachs. Orn. 7: 209-219.

STRESZCZENIE

[Ptaki legowe wobec zmian w rolnictwie]

Od stuleci krajobraz rolniczy byt mozaika pdl,
nieuzytkow, zarosli, zadrzewien, mokradet i cie-
kéw melioracyjnych. Zapewniato to bogactwo
§rodowisk i réznorodnoé¢ gatunkowa. W ciagu
ostatnich 50 lat intensyfikacja produkgji rolnej,
ktéra umozliwil postep technologiczny (Tab. 1),
drastycznie zmniejszyla te réznorodnosé. Spo-
wodowato to wielkie zmiany w awifaunie lego-
wej Europy (Tucker & Heath 1994, Hagemijer &
Blair 1997). Praca jest przegladem badah nad r6z-
norodnymi skutkami tych zmian dla awifauny le-
gowej krajobrazu rolniczego: nad wplywem
dziatalnosci rolniczej na zageszczenie awifauny
legowej, mozliwosci wyzywienia, wyniki legéow
i dynamike populacji legowych. Omawia tez po-
trzeby dalszych badan.

Na terenach rolnictwa ekstensywnego stwier-
dzono wyzsza liczebnos¢ i réznorodnosé gatun-
kowa awifauny (Fuller 1997, Schifferli et al. 1999,
Fig. 1). Korzystne jest tu szczeg6lnie rozrzedzenie
i mata wysoko$¢ roélin uprawnych na poczatku
okresu legowego, oraz ugorowanie i nieuzytki.

Jedna z przyczyn ubozenia awifauny na tere-
nach intensywnego rolnictwa jest zmniejszona
r6znorodnoé¢ i mata obfitos¢ bazy pokarmowej
(Pain & Pienkowski 1997). Szybki wzrost, gestos¢
i mata réznorodnoé¢ intensywnych upraw po-
Inych i tgkowych utrudniaja ptakom zerowanie
i przemieszczanie sie. Wréblowe Zzerujace na zie-
mi preferuja rzadka roslinnoé¢ o zréznicowanej
wysokosci (Fig. 4, 5, 6, 7). Intensywne uprawy sa

mato dostepne lub zmuszaja do meczacego polo-
wania z powietrza.

Intensywne, szybko rosnace uprawy zmniej-
szaja wydajnoé¢ pokarmowa terytorium legowe-
go, od czego zalezy pomy$lnos¢ legéw — przezy-
cie i kondycja potomstwa (Richner 1989, Wilson et
al. 1997). Wielkos¢ terytorium u wiekszych gatun-
koéw na ogoét wzrasta proporcjonalnie (Fig. 2).
Energochlonnoé¢ przynoszenia pokarmu piskle-
tom jest istotnym czynnikiem strategii legowej —
intensywne uprawy stwarzaja pod tym wzgle-
dem gorsze warunki (Fig. 3, Cuthill & Huston
1997, Wright et al. 1998). Szybko rosnace mono-
kultury czesto nie zapewniaja mozliwosci wyzy-
wienia w ciagu catego okresu trwania legu
(Chamberlain et al. 1999), czesto takze zmuszaja
do przenoszenia drugiego legu do innego teryto-
rium (Schlapfer 1988).

Istotne jest czy w pogorszonych warunkach
legowych na terenach intensywnego rolnictwa
ptasie populacje moga reprodukowaé swoj stan
czy tez majq tam bilans ujemny, uzupeiany imi-
gracja. U czajki w zachodniej i sSrodkowej Europie
bilans ten jest ujemny (Peach et al. 1994, Tab. 2,
Fig. 8) i jej stan w zmniejsza sie (van Strien & Pan-
nekoek 1998). Sukces legowy kulika wiekiego
(Grant et al. 1999), rycyka (Struwe-Juhl 1995),
trznadla (Kyrkos et al. 1998), poklaskwy (Bastian
& Bastian 1996) i skowronka (Wilson et al. 1997)
wskazuje, ze co najmniej w niektérych regionach
nie moze on zapewni¢ dtugookresowej stabilno-
§ci populacji. Brytyjska populacja skowronka
zmniejsza sie w ciagu ostatnich dziesiecioleci, mi-
mo wzrostu sukcesu legowego (Chamberlain &
Crick 1999). Moze to by¢ spowodowane zmniej-
szonymi mozliwosciami zalozenia gniazda w wa-
runkach intensywnnego rolnictwa (Chamberlain
et al. 1999). Dla wyja$nienia tych probleméw po-
trzebna jest europejska sie¢ monitoringu ptasich
populacji legowych (Gibbons 1998).

Potrzebne sa tez badania nad rolg dla ptakéw
ugorowania, stosowanego w rozwinietych kra-
jach europejskich. Wazne sa réwniez dlugookre-
sowe miedzynarodowe badania demograficzne
jak np. program EURING dotyczacy dymoéwki
(Jenni 1998) i inne programy oparte na znakowa-
niu ptakéw (Peach et al. 1998).

Gwaltowne przemiany w rolnictwie sg wy-
zwaniem i okazja dla réznorodnych badah po-
wigzanych z ochrong przyrody.
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