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Abstract
Across Europe, patches of un-cropped land (field margins, fallows, etc.) have been 
established and managed as part of agri-environment schemes (AES) to counteract 
the decrease in farmland biodiversity. Various studies demonstrate a positive impact 
of such un-cropped land on different taxa. However, there is potential to further 
improve the efficiency of fallow options for farmland birds. In a long-term monitor-
ing, 12 breeding farmland bird species and sizes of perennial fallows were recorded 
from 1992 to 2015 in a 6.1 km2 area in Switzerland. Furthermore, habitat composi-
tion and fallow characteristics were mapped in 2012. We calculated population 
trends, analyzed habitat associations and revealed the impact of fallow habitat char-
acteristics on territory density. The proportion of fallows in the study site increased 
from 1.4% (1992) to 8.5% (2012). Population trends of six of 12 censused species in-
creased significantly over the same time, four species showed no trend and trends of 
two species decreased. Seven species were analyzed in more detail, for five of them 
fallows were overrepresented around their territory center points compared to ara-
ble fields and grassland. The overall territory density of these five species was higher 
in small fallows which were not placed next to a wood and which held bramble rubus 
spp., shrubs and the tall-growing forb goldenrod (Solidago canadensis and S. gigantea). 
Our study confirms that perennial fallows are a highly suitable option to support dif-
ferent farmland birds in arable landscapes. Yet, we recommend optimizing fallows 
through careful site selection and management, such that they are not established on 
shady locations and are structurally diverse by allowing brambles, shrubs, and tall-
growing forbs to occur. We suggest adapting the Swiss AES in this regard. Biodiversity-
related advisory services available for farmers could increase the probability that 
fallow options are implemented and managed properly for targeted species.
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1  | INTRODUC TION

Populations of farmland birds have been severely decreasing in 
Europe over the last decades (PECBMS 2016), mostly due to the ag-
ricultural intensification, which led to habitat degradation and loss 
(Benton, Bryant, Cole, & Crick, 2002; Donald, Sanderson, Burfield, & 
van Bommel, 2006; Shrubb, 2003). Hedgerows were cleared, rural, 
or overgrown uncultivated areas disappeared and formerly exten-
sively used crop margins impoverished ecologically through the ap-
plications of herbicides and other pesticides. To halt or reverse the 
decline of farmland biodiversity, agri-environment schemes (AES) 
were developed in most European countries. Several of these AES 
provide an option of un-cropped land (land that otherwise could 
be cultivated) that is managed specifically to provide benefits for 
wildlife. In the existing literature, the most frequently used terms 
are “field margin” and “fallow,” covering a whole range of options 
such as beetle banks, cultivated/arable margins, wildflower strips, 
grassy boundaries, sown grass strips, ditch banks, rotational fallows, 
conservation headlands, fauna margins (Cordeau, Petit, Reboud, & 
Chauvel, 2012; Emerson & Gillmor, 1999; Haenke, Scheid, Schaefer, 
Tscharntke, & Thies, 2009; Maddock, 2008; Marja & Herzon, 2012; 
Marshall & Moonen, 2002; Noordijk, Musters, van Dijk, & de Snoo, 
2010; Vickery, Feber, & Fuller, 2009; Zollinger, Birrer, Zbinden, & 
Korner-Nievergelt, 2013). Field margins are usually a linear element 
at the edge of an arable field. The term “fallow” comprises both, 
strips and larger parts of a field. It can be managed similarly to field 
margins, for example, using the same seed mixes, but often stays 
only for one vegetation period. In Switzerland, six AES options on 
arable land exist, namely wildflower area/strip, rotational fallow, 
conservation headland, improved field margin, and flower strips 
(Caillet-Bois, Weiss, Benz, & Stäheli, 2018) as well as naturally veg-
etated field margins as part of a local AES. In this study, we concen-
trate on the three AES types sown wildflower area, rotational fallow, 
and naturally vegetated field margin and named them “fallows.” In 
contrast to fallow options in other countries, in our study site the 
fallows were perennial (lasting for more than one vegetation period). 
Being quite divers in spatial configuration, they were established 
with the aim to create fallow-like habitat by increasing structural 
and botanical richness in arable landscapes, thereby, for example, 
provisioning breeding habitat or food sources for birds.

Various studies report a positive influence of field margins and 
fallows on birds (Burgess et al., 2015; Henderson et al., 2012; Kuiper, 
2015a,b; Meichtry-Stier, Jenny, Zellweger-Fischer, & Birrer, 2014; 
Tryjanowski, 1999) and other species (Haaland, Russell, & Bersier, 
2011; Meichtry-Stier et al., 2014; Van Buskirk & Willi, 2004; and ref-
erences therein). Despite these benefits, farmland bird indices are 
decreasing in the EU (PECBMS 2016) and Switzerland (see “Swiss 
Bird Index—Priority Species Agriculture” in Sattler, Knaus, Schmid, 
& Strebel, 2016). Possible reasons for this are low floristic and 
structural diversity (ecological quality) of implemented options and 
the low uptake of the most appropriate options by farmers (Birrer, 
Spiess, Herzog, Kohli, & Lugrin, 2007; Breeze, Bailey, Balcombe, 
& Potts, 2014; Hardman et al., 2015). A few studies described 

specifically what these qualities are for biodiversity and birds in par-
ticular. A management that “creates a structurally and floristically di-
verse sward” thereby providing resources such as insects and seeds 
as well as the “proximity to a good quality hedgerow” of field mar-
gins and fallows were shown to be beneficial for birds (Tscharntke, 
Batáry, & Dormann, 2011; Vickery et al., 2009). Different results are 
found about the optimal age and size of un-cropped land for birds, 
reflecting the diverse local conditions and landscape history (Flade, 
Plachter, Schmidt, & Werner, 2006; Henderson et al., 2012; Holland, 
Storkey, Lutman, Henderson, & Orson, 2013; Tscharntke et al., 2011; 
Zollinger et al., 2013). In terms of structural and floristic diversity, 
implemented options often look too similar to the crops around in-
stead of creating an ecological contrast. Fallows in Switzerland are 
designed to increase the floristic and structural diversity (Figure 1) 
and thus stand out from the neighboring uniform farmland, pro-
viding resources (e.g., food, nesting opportunities, or song posts) 
that are limited in the surroundings for birds (Batáry, Dicks, Kleijn, 
& Sutherland, 2015; Hammers, Müskens, van Kats, Teunissen, & 
Kleijn, 2015). Yet, the influences of the vegetation composition of 
un-cropped land on birds have been much less investigated (but see 
Marja & Herzon, 2012). Un-cropped land undergoes succession and 
especially in older ones, small shrubs, bramble or goldenrod may ap-
pear, or mainly grassy vegetation develops.

In Switzerland, fallows are often suboptimally placed on wet, 
steep, or shady areas (Herzog et al., 2005). There, botanical diver-
sity is impaired because many species of the seed mix do not grow 
and are outcompeted by a few dominating species. We assume that 
many fallows could be optimized in location, size, and vegetation 
composition. To improve fallows for conservation management, 
more knowledge is needed about the preferred characteristics of 
such habitats for breeding farmland birds.

The study is embedded in a long-term monitoring of priority farm-
land birds (birds of conservation concern according to the Swiss leg-
islation) in an ecologically improved landscape. In this project region, 
perennial fallows were established, providing the possibility to study 
the relationship between farmland birds and characteristics of the 

F IGURE  1 Red-backed Shrike on a Wild Teasel, photo: Markus 
Jenny
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fallows. Our questions were threefold: (a) Do abundances of priority 
bird species increase over the long-term study period? We expect 
the trends to be more positive than European or Swiss bird indices, 
because of the comparably high percentage of fallows in the study 
region. (b) Do territories of priority farmland bird species contain 
more fallow area than expected according to the available habitat in 
the study site? Studies from other regions and countries revealed a 
preference for fallow habitat. (c) Which characteristics of fallows are 
related to territory density of priority farmland birds and is vegeta-
tion composition of the fallows related to territory density? Personal 
observations revealed that small shrubs, brambles, and goldenrod in-
crease the attractiveness of fallows whereas a high amount of grass 
is less favored by priority bird species of open farmland.

2  | METHODS

2.1 | Study site

We conducted our study in the very southwest of the Swiss low-
land, the Champagne genevoise (420–450 m a.s.l., 46°09′11″N, 
6°01′25″E, canton Geneva), which has a warm and dry climate (mean 
temperature is 11.2°C, mean yearly precipitation is around 700 mm). 
The study site (6.1 km2) is dominated by intensively cultivated farm-
land (mainly winter cereals) and some large gravel pits (covering be-
tween 6.1% and 13.2% of the study area in all years) and holds only a 
few small settlements and woods (Table 1). The depleted gravel pits 
were filled up and then used again as farmland. Some hedgerows and 
small coppices structure the wider countryside, the hedges being 
quite diverse in density and height but mostly lower than 3 m. The 
landscape composition within the study site is simple (Tscharntke 
et al., 2011) with less than 20% semi-natural habitats (extensively 

used meadows and pastures, ponds, hedgerows, woods, ruderal 
areas). Mean field size is small (1.0 ha) compared to other arable 
landscapes of Western Europe. Nonetheless, the area is intensively 
farmed with fields under annual crops and infrequent hedgerows. 
The only common semi-natural element is narrow grassy margins 
(approx. 1 m wide) along the roads.

2.2 | Fallows

In this study, fallows were either sown wildflower areas/strips, rota-
tional fallows, or naturally vegetated field margins, showing differ-
ent characteristics of structural and floristical diversity. Wildflower 
areas/strips and rotational fallows are options of the Swiss AES 
(Caillet-Bois et al., 2018), naturally vegetated field margins are part 
of a local AES. They are designed to halt the overall biodiversity loss 
in farmed landscapes without a special focus on birds or even single 
species. Since 1992, perennial fallows have been implemented by 
farmers in the study site, mostly according to instructions regard-
ing site selection and management by one of the co-authors (BL). 
In 2012, there were 82 fallows next to 189 arable fields (Table 1). 
They were either naturally vegetated (left fallow after harrowing) 
or were sown with species-rich wildflower seed mixes (minimum 17 
plant species). In some of them, shrubs and bramble were cleared, in 
others bramble, shrubs (mainly common dogwood Cornus sanguinea, 
small willows Salix spp. and small poplars Populus spp.) and golden-
rod (mainly Solidago gigantea, but also S. canadensis) occurred in dif-
ferent amounts therein.

Every few years, they were partially mown to reduce the expan-
sion of goldenrod, bramble, and shrubs. Their spatial configuration 
was quite diverse, most of them being linear strips of 10–25 m width; 
others were of rectangular (whole parcels) or triangular shape. Size 
ranged from 0.06 to 3.3 ha (median 0.36 ha). Their age ranged from 

Category Description
Proportion of 
study area (%)

Fallow Naturally vegetated perennial un-cropped strips on arable 
farmland from a local AES, sown wildflower areas or sown 
rotational fallow from the Swiss AES (either as strip or 
area); fertilization and treatment with insecticides are not 
allowed; large-scale chemical or mechanical weed control 
is not allowed; cut max. once a year on half of the area

8.5

Hedgerow Hedgerows within farmland 0.8

Arable Farmland used for conventional arable production, mostly 
winter wheat (21.5% of the study area), winter rapeseed 
(9.2%), winter barley (7.4%), and sunflowers (5.7%). 
Treatments with fertilizers and agrochemicals allowed.

53.0

Wood Small woods and coppices 1.7

Gravel Gravel-pits and small ruderal areas not on farmland 13.0

Grassland Meadows and pastures; semi-natural fields (mown once a 
year and not fertilized) as well as intensively used 
grassland (mown several times a year and fertilized), some 
grazed with horses.

12.4

Others All other areas, for example, roads, settlements, vineyards, 
pomiculture, ponds

10.6

TABLE  1 Description and proportion 
of the habitat categories in the study site 
in 2012, as used in the compositional 
analysis
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zero to 22 years (median 13 years). The use of herbicides and pesti-
cides was not allowed. All these fallows stand out from the surround-
ing arable fields by their high botanical and structural richness. They 
usually bordered directly on crop fields or meadows with no physi-
cal boundary in-between and only 15 were adjacent to hedgerows. 
Some of them adjoined roads, gravel-pits, ruderal areas, or small 
woods. The proportion of fallows relative to the area of the study 
site increased significantly from 1.4% in 1992 to 8.5% in 2012 (linear 
regression, estimate = 0.35, df = 14, t = 22.9, p < 0.001, R2 = 0.97).

2.3 | Data collection

In the long-term monitoring, we censused territory numbers of 12 
breeding farmland bird species of conservation concern (Common 
Whitethroat Sylvia communis, European Stonechat Saxicola torquata, 
Melodious Warbler Hippolais polyglotta, Yellowhammer Emberiza cit-
ronella, Red-backed Shrike Lanius collurio, Corn Bunting Miliaria ca-
landra, Cirl Bunting Emberiza cirlus, Common Quail Coturnix coturnix, 
Western Yellow Wagtail Motacilla flava, Ortolan Bunting Emberiza 
hortulana, Northern Lapwing Vanellus vanellus, Whinchat Saxicola 
rubetra). Eight of the species are listed as “Species of European 
Conservation Concern” (SPEC). All species are listed in the environ-
mental objectives of the agricultural sector in Switzerland (EOA spe-
cies, BAFU & BLW 2008), except the Melodious Warbler. This species 
is of local conservation concern as the project region holds a major 
part of the Swiss population. Other EOA species were not censused 
yearly because a yearly census would have been too time-consuming 
(skylark), or the species were not typical for open arable farmland in 
Switzerland (nightingale, turtle dove). Bird census took place from 
1992 to 2015 except for 2006. Yellowhammer and Cirl Bunting were 
mapped from 1994 and 1995 on. In addition, Skylark was mapped in 
2012 to include this typical and locally abundant field nesting spe-
cies in the compositional analysis (see further down). Each year, the 
study site was visited six times from 5 to 9 a.m. between April and 
July. Monitoring was only performed in suitable weather conditions 
(minimal wind, no rain). The same observer (BL) was sampling in all 
years, except 2010, sometimes supported by other ornithologists. 

Monitoring was conducted by walking along paths which allowed 
audio-visual observation of the entire study site. All observations 
of each bird species were recorded on maps following the breeding 
bird census method (Bibby, Burgess, Hill, & Mustoe, 2000; Schmid, 
Zbinden, & Keller, 2004). To assess breeding territories, species had 
to be observed during their breeding period in a suitable habitat 
(Schmid, Luder, Naef-Daenzer, Graf, & Zbinden, 1998), at least twice 
during different survey rounds or displaying territorial behavior (e.g., 
song, conflicts indicating territory defense, transport of nest mate-
rial). Territory center points were specified as geometric center point 
of the observations of each territory with ArcGIS.

Each year from 1992 to 2015, size of fallows was recorded. For 
the compositional analysis and the habitat model (see further down), 
a habitat mapping was conducted in 2012. Land-use types of the 
whole study site were mapped between June 5th and August 10th, 
assigning each type to one of the habitat categories in Table 1. Then, 
each fallow was surveyed in-depth, determining structural variables 
and vegetation composition (Table 2). Distance to the nearest wood 
was defined using the compiled map of land-use types and orthopho-
tos (SWISSIMAGE © 2016 swisstopo DV 043734). The proportions 
of bramble, goldenrod, and grass per fallow were visually estimated 
during field visits by the same fieldworker, traversing through every 
single fallow. Strips were crossed once, and bigger fallows were 
traversed along two or three lines. The amount of shrubs (woody 
plants of relatively low height, lacking a single trunk; not including 
brambles) was defined the same way but due to the strongly skewed 
distribution of this variable, the values were grouped in three cate-
gories (0%, 1%–10%, >10%).

2.4 | Statistics

All analyses were performed in R 3.3.1 (R Development Core Team 
2015).

For each species, the population trend was calculated with a 
generalized linear model (GLM, package “arm”) using a Poisson dis-
tribution. Territory numbers (response variable) were tested against 
year and the second and third polynomial of year to account for a 

Variable Description Range, median

Size Area of the fallow, measured in ha 0.06–3.3, 0.36

Age Age of the fallow (in years) 0–22, 13

Distance to 
wood

Distance from the center of the fallow to the 
nearest wood (in meter)

10–400, 130

Shrubs Amount of shrubs (e.g., dogwood, willow, 
poplar) in the fallow

0: 0%, 34 fallows 
1: 1%–10%, 32 fallows 
2: >10%, 16 fallows

Bramble Proportion of the fallow overgrown with 
bramble

0%–85%, 2%

Goldenrod Proportion of the fallow overgrown with 
goldenrod

0%–90%, 13%

Grass Proportion of the fallow overgrown with 
grass

0%–95%, 13%

TABLE  2 Description of the 
explanatory variables (structural variables 
and vegetation composition of fallows) 
used in the habitat model (GLM)
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possible change in the population trend within the study period. The 
polynomials of year were removed from the full model if the BIC of 
the model with the polynomial(s) was less than 2 units lower than the 
BIC of the reduced model. Overdispersion appeared in the models 
of Corn Bunting and Common Quail; thus, for these species, we cal-
culated a generalized linear mixed model (GLMM) instead, including 
observation number (unique number of each row in the data set) as a 
random factor. Model fit was assessed graphically by plotting the re-
siduals against the fitted values and by plotting the residuals against 
each explanatory variable.

We analyzed the association of birds with the different habitat 
categories in 2012 (Table 1) with a compositional analysis (Aebischer, 
Robertson, & Kenward, 1993; Calenge, 2011; package “adehabi-
tatHS”). This was performed for the seven species with more than 
20 territories (based on the recommended sample sizes in Aebischer 
et al., 1993): Common Whitethroat, European Stonechat, Melodious 
Warbler, Yellowhammer, Red-backed Shrike, Corn Bunting, and 
Skylark. Around each territory center point a buffer (radius 50 m) 
was laid. Subsequently, we term these buffer areas pseudoterrito-
ries. We chose 50 m for two reasons: (a) this way each pseudoter-
ritory covers an area of 0.8 ha, which corresponds to the known 
territory sizes of the three studied species Whitethroat, Stonechat, 
and Yellowhammer (Bauer, Bezzel, & Fiedler, 2005); (b) For Red-
backed shrike, Corn bunting, and Skylark the pseudoterritories of 
0.8 ha are smaller than their known territory sizes. However, a larger 
buffer radius would result in many overlapping pseudoterritories. 
Only pseudoterritories lying completely within the study site were 
used for the compositional analysis. Then, the proportions of each 
habitat category within each pseudoterritory and within the whole 
study site (= available habitat) were calculated. Zero values in the 
pseudoterritories were replaced by 0.001. Randomization tests (with 
500 replicates) were used for both the significance of habitat associ-
ation (using Wilks lambda) and of the habitat ranking. Habitat cate-
gories were ranked independently of availability, indicating whether 
a habitat category was significantly more or less represented in the 
pseudoterritory than the other categories.

To find out which characteristics of fallows were related to 
territory density, we calculated a habitat model using the data on 
vegetation composition of fallows also collected in 2012. Because 
the Swiss fallows are designed to increase the diversity and total 
abundance of farmland species rather than promoting single spe-
cies, we pooled territories of the five species which showed a clear 
association with fallows in the compositional analysis (Whitethroat, 
Stonechat, Melodious Warbler, Yellowhammer and Red-backed 
Shrike). We analyzed the relationship of territory density within each 
fallow (n = 82) to structural variables as well as vegetation compo-
sition of each fallow. This was performed with a generalized linear 
model (GLM, package “arm”) using a Poisson distribution with log 
link function and the number of territory center points per fallow 
as dependent variable. Territory center points that did not fall into 
a fallow were counted as well if they were laying 10 m at most out-
side a fallow. Explanatory variables were size, age, distance to wood, 
and amount of shrubs, proportions of bramble, goldenrod, and grass. 

Because fallows were of different sizes, we included the logarithm 
of size (in ha) as offset in the model. Thus, we modeled territory den-
sities (number of territories per ha) rather than absolute numbers of 
territories. The proportions of bramble, goldenrod, and grass were 
arcsine-square root-transformed and distance to wood was square 
root-transformed. All explanatory variables were standardized with 
mean zero and SD = 1. No collinearity was found between the ex-
planatory variables, as variance inflation factors were all <3 (Zuur, 
Ieno, Walker, Saveliev, & Smith, 2009). Quadratic polynomials of 
size, age, distance to wood, bramble, and goldenrod were included 
in the model because we expected an optimum for these variables, 
or for size even another nonlinear relationship. From this full model, 
the polynomial terms of age and bramble were removed because 
their 95% credible interval (CrI; calculated by Bayesian statistics, see 
procedure in Zollinger et al., 2013) did not include zero. The inter-
pretation of lower-order polynomials is difficult when higher-order 
polynomials are present. Thus, the elimination of nonsignificant 
higher-order polynomials makes the lower-order polynomials inter-
pretable. Linear effects of the variables were not selected out of the 
model as we had an a priori interest in these variables. Moreover, 
eliminating nonsignificant effects may lead to biased parameter 
estimates (Whittingham, Stephens, Bradbury, & Freckleton, 2006). 
Variables were considered significant if their 95% CrI did not in-
clude zero. No spatial autocorrelation was found in the final model 
(checked by variogramm and bubble plot). We graphically assessed if 
model assumptions were met, as described above.

3  | RESULTS

3.1 | Population trends

Territory numbers of six (Whitethroat, Stonechat, Melodious 
Warbler, Yellowhammer, Red-backed Shrike and Cirl Bunting) of the 
12 yearly censused species in the study site increased significantly 
during our study (Table 3 and Figure 2). Two species (Ortolan and 
Whinchat) showed no significant trend, yet they were both non-
regular breeders in the study site and occurred only in a few years 
and in very low numbers. The Corn Bunting and the Western Yellow 
Wagtail showed (the latter on a low level) an increase for a few 
years followed by a decrease. Only two species (Common Quail and 
Northern Lapwing) decreased significantly over the years. However, 
Quail territory numbers were strongly fluctuating throughout the 
study and Lapwing numbers had been on a very low level from the 
beginning of the census.

3.2 | Compositional analysis

The association of the studied species with habitat categories 
was not random (randomization test, p-values for all species 
<0.004). For four of the seven analyzed bird species (Whitethroat, 
Stonechat, Melodious Warbler and Red-backed Shrike) fallows 
ranked first before all other habitat categories, that is, fallows 
were strongly overrepresented in the pseudoterritories (Figure 3, 
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see Supporting Information Appendix S1). The Yellowhammer was 
associated with fallows and hedgerows. For the Skylark, arable 
fields, fallows, and hedgerows were ranked highest, whereas the 
Corn Bunting showed no association with a single habitat category.

3.3 | Habitat model

The final model revealed that the density of bird territories was strongly 
influenced by size, distance to wood, and vegetation composition (pro-
portion of bramble, goldenrod, and shrubs) of the fallows (Table 4). 
Territory density was negatively correlated with size but positively 
with the distance to wood and the proportion of bramble (Figure 4a–c). 
Territory density showed a significant relationship with the proportion 
of the neophyte goldenrod, with an optimum at approximately 37% 
goldenrod per fallow (Figure 4d). The positive effect of shrubs on terri-
tory density was as strong as the effect of bramble, yet not significant. 
The least influential (nonsignificant) explanatory variables were age 
(positive) and the proportion of grasses (negative).

4  | DISCUSSION

Fallows are options of the national and local AES in Switzerland and 
are designed to promote biodiversity in arable landscapes. In line 

with former studies, we stress the importance of un-cropped land 
like fallows and field margins for breeding farmland birds (Henderson 
et al., 2012; Meichtry-Stier et al., 2014; Revaz, Schaub, & Arlettaz, 
2008). Most studied species increased in this ecologically improved 
study site and five of them appear to prefer fallows over arable fields 
and grassland around their territory center points. These results add 
to the already known benefits of field margins and fallows for farm-
land birds. The novelty of the study lies in the suggestions on how 
the efficiency of fallows can be further improved, with a closer look 
on vegetation composition. We demonstrate that for the implemen-
tation and management of fallows, attention should be paid to the 
size, location, and the vegetation composition.

Several farmland birds of conservation concern seem to benefit 
from the ecological improvement of the study region with fallows. 
The amount of fallows in the study region increased from 1.4% in 
1992 up to 8.5% of study site in 2012 (accordingly 11.0% of the 
utilized agricultural area). In the same period, we measured a large 
gain in territory numbers of six of 12 bird species. These are spe-
cies which are usually not increasing in Switzerland or elsewhere 
in Europe (PECBMS 2016, Sattler et al., 2016), or if so, which have 
shown a much lower increase than in the study site. The only ex-
ception is the Cirl Bunting, whose trend corresponds to the trend 
in Switzerland and in other European countries. Abundances of 
Whitethroat, Melodious Warbler, Stonechat, and Yellowhammer 

Species Estimate of year
Estimate 
of year2

Estimate 
of year3

No. of 
territories

Common Whitethroat Sylvia 
communis

0.03 −0.25*** 0.19*** 15–79

European Stonechat Saxicola 
torquata

0.37*** −0.15*** — 14–75

Melodious Warbler Hippolais 
polyglotta

0.43*** −0.43*** 0.16** 5–59

Yellowhammer Emberiza 
citrinella

1.28*** −0.27** — 2–39

Red-backed Shrike Lanius 
collurio

2.88*** −1.06*** — 0–31

Corn Bunting Miliaria 
calandra

−0.63*** −0.21** 0.38*** 6–21

Cirl Bunting Emberiza cirlus 0.53*** −0.62*** — 2–8

Common Quail Coturnix 
coturnix

−0.32** — — 14–6

Western Yellow Wagtail 
Motacilla flava

−0.77 −1.21** — 0–0

Ortolan Emberiza hortulana −9.80 — — 2–0

Northern Lapwing Vanellus 
vanellus

−1.09* — — 1–0

Whinchat Saxicola rubetra −1.26 — — 1–0

Note. Estimates of the linear models are given, showing the relation of territory numbers with year. 
The effect of year2 and year3 is only shown if significant, else it was removed from the model. 
Asterisks represent p-values: *<0.05, **<0.01, ***<0.001. Number of territories at the beginning of 
the population censuses in 1992 (and 1994 for Yellowhammer and 1995 for Cirl Bunting resp.) and in 
2015 are given.

TABLE  3 Population trends of the 
monitored bird species in the study site 
between 1992 and 2015
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increased more than fivefold during 25 years and the Red-backed 
Shrike newly occurred. The first three mentioned species reached 
very high densities (around ten or more breeding pairs per 100 ha) 
which are records for Switzerland and rare across Western Europe 
(Bauer et al., 2005; Maumary, Vallotton, & Knaus, 2007). The six 
species with a positive trend all nest in the herbaceous layer or in 
shrubs, except the ground breeding Stonechat. In line with former 
studies showing a positive effect of fallows on birds (Burgess et al., 
2015; Henderson et al., 2012; Kuiper, 2015a,b; Meichtry-Stier et al., 
2014; Tryjanowski, 1999), we suppose that their populations ben-
efit from the structurally diverse fallows in the study area which 
provide dense herbaceous vegetation, bramble, and shrubs. In con-
trast, territory numbers of Corn Bunting, Whinchat, Western Yellow 
Wagtail, Ortolan, Common Quail, and Lapwing have not signifi-
cantly increased, a result which follows the general trends in other 

countries (PECBMS 2016, Sattler et al., 2016). These species were 
never numerous in the region and Corn Bunting, Whinchat, and 
Ortolan decrease even in the nearest optimal habitats (own observa-
tions). The other species (Western Yellow Wagtail, Common Quail, 
and Lapwing) may benefit less from fallows as in our region they 
have other habitat requirements for breeding such as damp soils, ex-
tensively used meadows, or crops with sparse and low vegetation 
(Maumary et al., 2007). A similar result was found for priority farm-
land birds in the UK, where mainly species nesting in field boundar-
ies (hedgerows and field margins) benefited from the Higher Level 
Stewardship management (Bright et al., 2015).

Furthermore, five of the seven studied species (Whitethroat, 
Stonechat, Melodious Warbler, Yellowhammer, and Red-backed 
Shrike) showed a significant association with fallows in the 
Compositional Analysis. They are typical species of open farmland 

F IGURE  2 Population trends of nine farmland bird species (lines) from 1992 to 2015 and change in total fallow area (bars) as a proportion 
of the study region (6.1 km2). Fallows were mapped in the years 1992 to 2006 and 2012. For clarity reasons Ortolan, Lapwing and Whinchat 
are not shown, as their territory numbers were zero almost every year and lines would strongly overlap
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interspersed with single shrubs (Maumary et al., 2007). Fallows 
seem to meet their demands. They hold a broad diversity of plant 
species, many of them flowering and thus providing food for birds by 
attracting insects (Frank & Reichhart, 2004 and references therein). 
Thanks to the diverse growth of grass, forbs, and single shrubs, the 
high structural richness provides shelter and protection against 
predators for birds and their nests. Also the Skylark, an open field 
breeder, was associated with fallows, together with arable fields and, 
surprisingly, hedgerows. This species seems to benefit from fallows, 
probably using them for foraging while the nest was built in a nearby 
arable field. Skylarks are known to avoid high structures, but they 
did not seem to be disturbed by the hedgerows in our study site, 
most probably because most hedgerows were clearly lower than 
3 m. The only species showing no clear association with any habitat 
category was the Corn Bunting, maybe due to the small sample size. 
Yet, in 2012 12 of the 22 territory centers lay in fallows and a previ-
ous analysis in the region had shown a significant preference of Corn 
Bunting for fallows between 1992 and 1996 (Jenny et al., 2002).

Our results highlight the important characteristics of fallows for 
farmland priority bird species and therefore how to optimize this 
AES option. Size, location (distance to wood), and vegetation com-
position (amount of bramble and goldenrod, occurrence of shrubs) 
had the strongest influence on territory density. The effect of age 
and the amount of grass were less pronounced.

We found a negative effect of fallow size on territory density 
per fallow. The same relation was found by Zollinger et al. (2013) 
in western Switzerland. Strips can hold more territories per ha 
than larger (rectangular) areas because the birds also use habitats 
around the strip as foraging habitat and only a part of the territory 
(and the territory center) lies within the fallow strip. Yet, in strips or 
small areas, the risk of predation may be higher than in large areas 
due to the increased proportion of edge area (Donald, Evans, Pain, 
Muirhead, & Buckingham, 1998; Suvorov, Svobodova, & Albrecht, 
2014). Predators prefer to roam along edges and linear structures 
like field margins (Fernex, Nagel, & Weber, 2011). To avoid such 
negative predation effects, strips of more than 10 m width were 

promoted (only 10 of 82 fallows were narrower than 10 m). Further, 
because territory density is higher in smaller fallows, high abun-
dances of farmland birds could be reached with strips rather than 
with parcels of fallows (which is usually the case for rotational fal-
lows in Switzerland), thereby also reducing the conflict with food 
production. Interactions between edge effects, predation, and man-
agement costs are complex and need further study.

The nearer a fallow was established to a wood, the lower was 
its territory density of studied bird species. Fallows placed 200 m 
from the nearest wood had six times more territories than areas 
within 10 m of a wood (Figure 4b). One possible reason for this re-
sult is the fact that many locations next to woods are shady and wet. 
There, the benefit of fallows is impaired due to a reduced botanical 

F IGURE  3 Proportion of habitat 
in the study site (available) and in the 
pseudoterritories of the seven farmland 
bird species analyzed with a compositional 
analysis for habitat association Field margin Hedgerow Arable Wood Gravel Grassland Others
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TABLE  4 Estimates and their credible intervals of the final 
model (GLM) showing the relation between territory density of the 
five species associated with fallows (Whitethroat, Stonechat, 
Melodious Warbler, Red-backed Shrike, and Yellowhammer) and 
explanatory variables

Estimate
95% Credible 
interval Significance

Intercept 1.46 1.07 1.85 +

Area −0.57 −0.89 −0.24 +

Area2 0.12 0.02 0.22 +

Age 0.10 −0.15 0.34

Grass −0.18 −0.39 0.04

Bramble 0.29 0.07 0.52 +

Shrubs 1%–10% 0.33 −0.09 0.77

Shrubs >10% 0.32 −0.18 0.84

Goldenrod 0.28 0.06 0.51 +

Goldenrod2 −0.27 −0.50 −0.04 +

Distance to wood 0.30 0.10 0.50 +

Distance to wood2 −0.24 −0.46 −0.03 +

Note. +: Variables were considered significant if their 95% CrI did not in-
clude zero.
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diversity as many forbs need sunny locations. A lower botanical di-
versity has been related to fewer invertebrates (Baines, Hambler, 
Johnson, Macdonald, & Smith, 1998; Frank, 2000; Pfiffner & Luka, 
2000) and so may impair the food resources for most bird species 
during the breeding season (Benton et al., 2002). Furthermore, some 
species may avoid fallows in the proximity to wood to minimize the 
risk of predation from birds nesting in trees (Michel, Jiménez-Franco, 
Naef-Daenzer, & Grüebler, 2016).

Due to sowing or seed pools in the ground, differing soil fer-
tility, vegetation succession and management, fallows show quite 
a variety of vegetation composition and structural diversity. Our 
results show that the density of farmland bird territories increases 
with the proportion of bramble and the occurrence of shrubs in fal-
lows. From experience, we assume that the proportion of bramble 
in fallows peaks in an optimum with high proportions of bramble 
being less favorable for most farmland birds. Although we did not 
find a quadratic effect of bramble, this may arise from the very few 
samples with high proportions of bramble (only four of 82 fallows 
had more than 50% bramble, 90% of the fallows showed max. 30% 
bramble). The effect of shrubs on territory density was quite vari-
able (it had a wide credible interval) and therefore not significant. 
However, we consider it relevant because it was as strong as the ef-
fect of bramble. Its effect may depend on the structure and species 
composition of the shrubs and would be a topic for further work. It 
is already known that the Whitethroat favors bramble as breeding 
habitat, but it seems that some bramble in fallows enhances their 

attractiveness for several other bird species. Our model estimates an 
increase of 1.5 territories per ha fallow when the amount of bram-
ble is enhanced from 0% to 10%. Furthermore, predicted territory 
density increases from 4.3 territories per ha in shrubless fallows to 
six territories per ha in fallows containing shrubs. Both, bramble and 
shrubs, are nesting habitat and provide shelter from bad weather 
and predators, food resources (berries, seed and insects), and song 
posts or perches. In the Swiss AES directive, bramble and shrubs are 
permitted in wildflower areas to the amount of 1%. But they are only 
rarely tolerated by farmers, as these plants can overgrow fallows in a 
short time, which leads to the withdrawal of AES subsidy payments 
in Switzerland. We suggest to allow shrubs or bramble on about 10% 
of the area of fallows and to adapt the Swiss AES in this regard. A 
similar value of bushes was demanded for pastures in Sweden (Pärt 
& Söderström, 1999). However, if the conservation focus lies on 
open farmland species like the Lapwing or Skylark, shrubs must be 
kept low as these species are known to avoid high structures.

The positive relationship of farmland bird density with the 
amount of goldenrod is most probably also linked with structural 
richness. Goldenrod grows taller than other forbs in fallows and 
therefore serves as a preferred perch or song post for several stud-
ied species. Because of its invasive character, it has to be mechan-
ically kept under control in fallows. Ideally, fallows contain enough 
other, native tall-growing forbs that remain after winter, for ex-
ample Wild Teasel Dipsacus fullonum, or Dense-flowered Mullein 
Verbascum densiflorum. Such plants as well as bramble and shrubs 

F IGURE  4 Response curves of 
habitat variables on territory density of 
the five species associated with fallows 
(Whitethroat, Stonechat, Melodious 
Warbler, Yellowhammer, and Red-backed 
Shrike). Effect of (a) area of fallows, 
(b) distance of fallows to wood, (c) the 
proportion of bramble in fallows, (d) the 
proportion of goldenrod in fallows. Values 
of all other explanatory variables in the 
models were set to their mean. Dashed 
lines show the 95% credible intervals
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increase structural diversity and habitat heterogeneity of fallows, 
a key factor driving biodiversity (Benton, Vickery, & Wilson, 2003). 
In practice, tall-growing forbs should be included in the seed mixes 
for fallows, as is partially performed in Switzerland. Thorough in-
formation, advisory services, appreciation, and financial support are 
key factors to motivate farmers to change their fallow management 
and to select sites — for fallows — that optimally benefit biodiversity 
(Chevillat et al., 2017; Field, Hill, Carroll, & Morris, 2015; Perkins, 
Maggs, Watson, & Wilson, 2011).

As mentioned in the introduction, fallows are beneficial for bio-
diversity in general. We expect structural and floristic richness by 
brambles and shrubs to positively affect a variety of species (i.e., 
Orthoptera species, Detzel, 1998). A similar result was found for 
hedges (Graham, Gaulton, Gerard, & Staley, 2018). The occurrence 
of goldenrod may have negative impacts specifically on inverte-
brates because they are not adapted to this neophyte. Optimum 
values of specific measures (i.e., distance to wood, amount of 
brambles, or bushes) also vary between different species and taxa. 
Therefore, a diversity of habitats should be promoted at the local 
scale and management prescriptions should aim at structural rich-
ness within and between fallows (Graham et al., 2018; Tscharntke 
et al., 2011).

5  | CONCLUSION

Our study reveals that perennial fallows in Switzerland are a suit-
able option in arable landscapes to benefit different farmland bird 
species. Yet, location, size, and vegetation composition are impor-
tant factors. The benefit of fallows can be enhanced through wise 
site selection and modified management, such that these areas are 
not established next to woods and are kept structurally diverse, 
featuring small proportions of brambles, shrubs, and tall-growing 
forbs. This can be achieved through a seed-mix adapted to the re-
gion where fallows are planned to be established. Further, cutting is 
not recommended or only partially and selectively in order to avoid 
overgrowing by bramble, shrubs, and invasive plants like goldenrod 
and to keep shrubs low. Advisory services (ideally by local consult-
ants) are necessary and should be available for all farmers within an 
agri-environment scheme. Our results are relevant for arable farm-
land in simple landscapes (less than 20% semi-natural habitats) in 
Switzerland and may also in wider continental Europe. The above-
mentioned management measures provide habitat structures which 
have become very rare in many European countrysides, and which 
benefit a variety of farmland bird species.

ACKNOWLEDG MENTS

We thank Niklaus Zbinden and Otto Holzgang for project man-
agement at the beginning of our study. A “thank you” goes to Pius 
Korner for statistical advice and to Roman Graf, Lukas Jenni, Markus 
Jenny, and Judith Zellweger-Fischer for their comments on earlier 

drafts of the manuscript. We thank everyone who helped to collect 
data in the field and all involved farmers.

CONFLIC T OF INTERE S T

None declared.

AUTHOR CONTRIBUTIONS

Jérôme Duplain, Michael Lanz, and Simon Birrer gave substantial 
contribution to the design of the study and the interpretation of the 
data. Jérôme Duplain and Bernard Lugrin collected the data. Kim 
Meichtry-Stier analyzed the data and drafted the article. Jérôme 
Duplain, Michael Lanz, Bernard Lugrin, and Simon Birrer revised the 
article, and all co-authors gave their approval for the final version 
to publish.

DATA ACCE SSIBILIT Y

Data on territories numbers and habitat characteristics will be ar-
chived on Dryad upon manuscript acceptance.

ORCID

Kim S. Meichtry-Stier   http://orcid.org/0000-0001-6455-9442 

R E FE R E N C E S

Aebischer, N. J., Robertson, P. A., & Kenward, R. E. (1993). Compositional 
analysis of habitat use from animal radio-tracking data. Ecology, 74, 
1313–1325.

BAFU & BLW (2008). Umweltziele Landwirtschaft. Hergeleitet aus beste-
henden rechtlichen Grundlagen. Umwelt-Wissen. Bern, Switzerland: 
Bundesamt für Umwelt (BAFU) und Bundesamt für Landwirtschaft 
(BLW).

Baines, M., Hambler, C., Johnson, P. J., Macdonald, D. W., & Smith, H. 
(1998). The effects of arable field margin management on the abun-
dance and species richness of Araneae (spiders). Ecography, 21, 
74–86.

Batáry, P., Dicks, L. V., Kleijn, D., & Sutherland, W. J. (2015). The role of 
agri-environment schemes in conservation and environmental man-
agement. Conservation Biology, 29, 1006–1016.

Bauer, H.-G., Bezzel, E., & Fiedler, W. (Eds.) (2005). Kompendium der Vögel 
Mitteleuropas.  Wiebelsheim, Germany: Aula-Verlag.

Benton, T. G., Bryant, D. M., Cole, L., & Crick, H. Q. P. (2002). Linking 
agricultural practice to insect and bird populations: A historical study 
over three decades. Journal of Applied Ecology, 39, 673–687.

Benton, T. G., Vickery, J. A., & Wilson, J. D. (2003). Farmland biodiversity: 
Is habitat heterogeneity the key? Trends in Ecology and Evolution, 18, 
182–188.

Bibby, C. J., Burgess, N. D., Hill, D. A., & Mustoe, S. H. (2000). Bird census 
techniques. London, UK: Academic Press.

Birrer, S., Spiess, M., Herzog, F., Kohli, L., & Lugrin, B. (2007). The Swiss 
agri-environment scheme promotes farmland birds: But only moder-
ately. Journal of Ornithology, 148(2), 295–303.

Breeze, T. D., Bailey, A. P., Balcombe, K. G., & Potts, S. G. (2014). Costing 
conservation: An expert appraisal of the pollinator habitat benefits 

http://orcid.org/0000-0001-6455-9442
http://orcid.org/0000-0001-6455-9442


9280  |     MEICHTRY-STIER et al.

of England’s entry level stewardship. Biodiversity and Conservation, 
23, 1193–1214.

Bright, J. A., Morris, A. J., Field, R. H., Cooke, A. I., Grice, P. V., Walker, 
L. K.,  Fern, J.,  Peach, W. J. (2015). Higher-tier agri-environment 
scheme enhances breeding densities of some priority farmland birds 
in England. Agriculture, Ecosystems & Environment, 203, 69–79.

Burgess, M. D., Bright, J. A., Morris, A. J., Field, R. H., Grice, P. V., Cooke, 
A. I., & Peach, W. J. (2015). Influence of agri-environment scheme 
options on territory settlement by Yellowhammer (Emberiza citro-
nella) and Corn Bunting (Emberiza calandra). Journal of Ornithology, 
156, 153–163.

Caillet-Bois, D., Weiss, B., Benz, R., & Stäheli, B. (2018). Promotion de 
la biodiversité dans l’exploitation agricole. Lausanne, Switzerland: 
AGRIDEA.

Calenge, C. (2011). Exploratory analysis of the habitat selection by the 
wildlife in R: the adehabitat HS Package. Retrieved from https://
cran.r-project.org/web/packages/adehabitatHS/vignettes/adehab-
itatHS.pdf

Chevillat, V., Stöckli, S., Birrer, S., Jenny, M., Graf, R., Pfiffner, L., & 
Zellweger-Fischer, J. (2017). Surfaces de promotion de la biodiver-
sité: Amélioration quantitative et qualitative par le conseil. Recherche 
Agronomique Suisse, 8, 232–239.

Cordeau, S., Petit, S., Reboud, X., & Chauvel, B. (2012). Sown grass strips 
harbour high weed diversity but decrease weed richness in adjacent 
crops. Weed Research, 52(1), 88–97.

Detzel, P. (1998). Die Heuschrecken Baden-Württembergs. Stuttgart, 
Germany: Eugen Ulmer.

Donald, P. F., Evans, A. D., Pain, D., Muirhead, L. B., & Buckingham, D. 
(1998). Factors affecting nest survival rates of Skylarks Alauda arven-
sis on farmland. In N. J. Adams (Ed.), Proceedings 22th International 
Ornithological Congress, Durban (pp. 425–426). Greenside, South 
Africa: Birdlife South Africa.

Donald, P. F., Sanderson, F. J., Burfield, I. J., & van Bommel, F. P. J. 
(2006). Further evidence of continent-wide impacts of agricultural 
intensification on European farmland birds, 1990–2000. Agriculture, 
Ecosystems & Environment, 116, 189–196.

Emerson, H. J., & Gillmor, D. A. (1999). The rural environment protection 
scheme of the republic of Ireland. Land Use Policy, 16, 235–245.

Fernex, A., Nagel, P., & Weber, D. (2011). Sites with reduced predation 
risk to young hares within an agricultural landscape. Mammalia, 75, 
395–397.

Field, R. H., Hill, R. K., Carroll, M. J., & Morris, A. J. (2015). Making explicit 
agricultural ecosystem service trade-offs: A case study of an English 
lowland arable farm. International Journal of Agricultural Sustainability, 
14(3), 249–268.

Flade, M., Plachter, H., Schmidt, R., & Werner, A. (2006). Nature con-
servation in agricultural ecosystems: Results of the Schorfheide-Chorin 
Research Project. Wiebelsheim, Germany: Quelle & Meyer.

Frank, T. (2000). Auswirkungen auf Prädatoren und Parasitoide. In W. 
Nentwig (Ed.), Streifenförmige ökologische Ausgleichsflächen in der 
Kulturlandschaft: Ackerkrautstreifen, Buntbrache, Feldränder (pp. 113–
126). Bern, Hannover: Verlag Agrarökologie.

Frank, T., & Reichhart, B. (2004). Staphilinidae and carabidae overwinter-
ing in wheat and sown wildflower areas of different age. Bulletin of 
Entomological Research, 94, 209–217.

Graham, L., Gaulton, R., Gerard, F., & Staley, J. T. (2018). The influence of 
hedgerow structural condition on wildlife habitat provision in farmed 
landscapes. Biological Conservation, 220, 122–131.

Haaland, C., Russell, E. N., & Bersier, L.-F. (2011). Sown wildflower strips 
for insect conservation: A review. Insect Conservation and Diversity, 
4, 60–80.

Haenke, S., Scheid, B., Schaefer, M., Tscharntke, T., & Thies, C. (2009). 
Increasing syrphid fly diversity and density in sown flower strips 
within simple vs. complex landscapes. Journal of Applied Ecology, 46, 
1106–1114.

Hammers, M., Müskens, G. J. D. M., van Kats, R. J. M., Teunissen, W. 
A., & Kleijn, D. (2015). Ecological contrasts drive responses of win-
tering farm-land birds to conservation management. Ecography, 38, 
813–821.

Hardman, C. J., Harrison, D. P. G., Shaw, P. J., Nevard, T. D., Hughes, B., 
Potts, S. G., & Norris, K. (2015). Supporting local diversity of habi-
tats and species on farmland: A comparison of three wildlife-friendly 
schemes. Journal of Applied Ecology, 53, 171–180.

Henderson, I. G., Holland, J. M., Storkey, J., Lutman, P., Orson, J., & 
Simper, J. (2012). Effects of the proportion and spatial arrangement 
of un-cropped land on breeding bird abundance in arable rotations. 
Journal of Applied Ecology, 49, 883–891.

Herzog, F., Dreier, S., Hofer, G., Marfurt, C., Schüpbach, B., Spiess, M., 
& Walter, T. (2005). Effect of ecological compensation areas on flo-
ristic and breeding bird diversity in Swiss agricultural landscapes. 
Agriculture, Ecosystems & Environments, 108, 189–204.

Holland, J. M., Storkey, J., Lutman, P. J. W., Henderson, I., & Orson, J. 
(2013). The Farm4Bio project: Managing uncropped land for biodi-
versity. Aspects of Applied Biology, 118, 89–99.

Jenny, M., Weibel, U., Lugrin, B., Josephy, B., Regamey, J.-L., & Zbinden, 
N. (2002). Rebhuhn. Schlussbericht 1991–2000, Schriftenreihe 
Umwelt. Bundesamt für Umwelt, Wald und Landschaft, Bern, und 
Schweizerische Vogelwarte, Sempach.

Kuiper, M. W. (2015a). The impact of field margins on farmland bird 
abundance, species richness and population growth rates in the 
north of the Netherlands. The value of field margins for farmland birds. 
PhD Wageningen University. Chapter 2.

Kuiper, M. W. (2015b). Improving agri-environmental management for 
arable farmland birds – a synthesis. The value of field margins for farm-
land birds. PhD Wageningen University. Chapter 6.

Maddock, A. (2008). UK biodiversity action plan; priority habitat descrip-
tions. Arable field margins. Retrieved from http://jncc.defra.gov.uk/
page-5706 (19.12.2016)

Marja, R., & Herzon, I. (2012). The importance of drainage ditches for 
farmland birds in agricultural landscapes in the Baltic countries. Does 
field type matter? Ornis Fennica, 89, 170–181.

Marshall, E. J. P., & Moonen, A. C. (2002). Field margins in northern 
Europe: Their functions and interactions with agriculture. Agriculture, 
Ecosystems & Environments, 89, 5–21.

Maumary, L., Vallotton, L., & Knaus, P. (2007). Die Vögel der 
Schweiz. Schweizerische Vogelwarte, Sempach, & Nos Oiseaux, 
Montmollin.

Meichtry-Stier, K. S., Jenny, M., Zellweger-Fischer, J., & Birrer, S. (2014). 
Impact of landscape improvement by agri-environment scheme op-
tions on densities of characteristic farmland bird species and brown 
hare (Lepus europaeus). Agriculture, Ecosystems and Environment, 189, 
101–109.

Michel, V. T., Jiménez-Franco, M. V., Naef-Daenzer, B., & Grüebler, M. U. 
(2016). Intraguild predator drives forest edge avoidance of a meso-
predator. Ecosphere, 7(3), e01229.

Noordijk, J., Musters, C. J. M., van Dijk, J., & de Snoo, G. R. (2010). 
Invertebrates in field margins: Taxonomic group diversity and 
functional group abundance in relation to age. Biodiversity and 
Conservation, 19, 3255–3268.

Pärt, T., & Söderström, B. (1999). The effects of management regimes and 
location in landscape on the conservation of farmland birds breeding 
in semi-natural pastures. Biological Conservation, 90, 113–123.

PECBMS (2016). Trends of common birds in Europe, 2016 update. Pan-
European Common Bird Monitoring Scheme, European Bird Census 
Council. Retrieved from http://www.ebcc.info/index.php?ID=612 
(19.10.2016)

Perkins, A. J., Maggs, H. E., Watson, A., & Wilson, J. D. (2011). Adaptive 
management and targeting of agri-environment schemes does bene-
fit biodiversity: A case study of the Corn Bunting Emberiza calandra. 
Journal of Applied Ecology, 48, 514–522.

https://cran.r-project.org/web/packages/adehabitatHS/vignettes/adehabitatHS.pdf
https://cran.r-project.org/web/packages/adehabitatHS/vignettes/adehabitatHS.pdf
https://cran.r-project.org/web/packages/adehabitatHS/vignettes/adehabitatHS.pdf
http://jncc.defra.gov.uk/page-5706
http://jncc.defra.gov.uk/page-5706
http://www.ebcc.info/index.php?ID=612


     |  9281MEICHTRY-STIER et al.

Pfiffner, L., & Luka, H. (2000). Overwintering of arthropods in soils of ar-
able fields and adjacent semi-natural habitats. Agriculture, Ecosystems 
and Environment, 78, 215–222.

R Development Core Team (2015). R: A language and environment for 
statistical computing. Vienna, Austria: R Foundation for Statistical 
Computing.

Revaz, E., Schaub, M., & Arlettaz, R. (2008). Foraging ecology and re-
productive biology of the Stonechat Saxicola torquata: Comparison 
between a revitalized, intensively cultivated and a historical, tra-
ditionally cultivated agro-ecosystem. Journal für Ornithologie, 149, 
301–312.

Sattler, T., Knaus, P., Schmid, H., & Strebel, N. (2016). The State of Birds 
in Switzerland Online. Swiss Ornithological Institute, Sempach. 
Retrieved from www.vogelwarte.ch/state (30.11.2016)

Schmid, H., Luder, R., Naef-Daenzer, B., Graf, R., & Zbinden, N. (1998). 
Schweizer Brutvogelatlas. Verbreitung der Brutvögel in der Schweiz 
und im Fürstentum Liechtenstein 1993-1996. Sempach, Switzerland: 
Schweizerische Vogelwarte.

Schmid, H., Zbinden, N., & Keller, V. (2004). Überwachung der 
Bestandsentwicklung häufiger Brutvögel in der Schweiz. Sempach, 
Switzerland: Schweizerische Vogelwarte.

Shrubb, M. (2003). Farming and birds: An historic perspective. British 
Birds, 96, 158–177.

Suvorov, P., Svobodova, J., & Albrecht, T. (2014). Habitat edges affect 
patterns of artificial nest predation along a wetland-meadow bound-
ary. Acta Oecologica, 59, 91–96.

Tryjanowski, P. (1999). Effect of habitat diversity on breeding 
birds: Comparison of farmland bird community in the region of 
Wielkopolska (W. Poland) with relevant data from other European 
studies. Polish Journal of Ecology, 47(2), 153–174.

Tscharntke, T., Batáry, P., & Dormann, C. F. (2011). Set-aside manage-
ment: How do succession, sowing patterns and landscape context 

affect biodiversity? Agriculture, Ecosystems and Environment, 143, 
37–44.

Van Buskirk, J., & Willi, Y. (2004). Enhancement of farmland biodiversity 
within set-aside land. Conservation Biology, 18, 987–994.

Vickery, J. A., Feber, R. E., & Fuller, R. J. (2009). Arable field margins 
managed for biodiversity conservation: A review of food resource 
provision for farmland birds. Agriculture, Ecosystems and Environment, 
13, 1–13.

Whittingham, M. J., Stephens, P. A., Bradbury, R. B., & Freckleton, R. P. 
(2006). Why do we still use stepwise modelling in ecology and be-
haviour? Journal of Animal Ecology, 75, 1182–1189.

Zollinger, J.-L., Birrer, S., Zbinden, N., & Korner-Nievergelt, F. (2013). The 
optimal age of sown field margins for breeding farmland birds. Ibis, 
155, 779–791.

Zuur, A. F., Ieno, E. N., Walker, N. J., Saveliev, A. A., & Smith, G. M. (2009). 
Mixed effects models and extensions in ecology with R. New York, USA: 
Springer Science+Business Media.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

How to cite this article: Meichtry-Stier KS, Duplain J, Lanz M, 
Lugrin B, Birrer S. The importance of size, location, and 
vegetation composition of perennial fallows for farmland birds. 
Ecol Evol. 2018;8:9270–9281.  
https://doi.org/10.1002/ece3.4420

http://www.vogelwarte.ch/state
https://doi.org/10.1002/ece3.4420

