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Abstract

Context The loss of landscape heterogeneity is

causing declines of farmland biodiversity around the

world. Traditional farmland regions are often highly

heterogeneous and harbor high biodiversity, but are

under threat of land cover homogenization due to

changing agricultural practices. One species poten-

tially affected by landscape homogenization is the

Corncrake (Crex crex), which is threatened in Western

Europe but remains widespread in the traditional

farmland regions of Eastern Europe.

Objectives In this study we present a case study

aiming to assess the potential threat of landscape

homogenization for the Corncrake in Romania. We

first examined current Corncrake distribution in rela-

tion to woody vegetation cover, landscape heterogene-

ity, and topography (measured at three different spatial

scales), as well as human disturbance, throughout the

existing agricultural mosaic. Second, we predicted

potential future distribution of suitable Corncrake

habitat in response to land cover homogenization by

simulating a reduction in land cover diversity.

Results Corncrakes were present in grassland and

arable fields, and preferentially occupied remote areas

that were wet and flat, and had high land cover

diversity at the 100 ha scale. The simulation of land

cover diversity loss revealed that even a moderate

reduction of land cover diversity could drastically

reduce the extent of suitable Corncrake habitat.

Conclusions Our findings show the high conserva-

tion value of traditional heterogeneous farmland for

the Corncrake. Therefore, to protect the Corncrake in

traditional farmland, pro-active policy measures

should encourage the continuation of mixed farming

practices to maintain a diversity of land covers.
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Introduction

Agricultural intensification since the mid-1900s has

caused worldwide declines of farmland biodiversity

(Donald et al. 2001; Tilman et al. 2001; Stoate et al.

2009). The process of agricultural intensification

typically involves a combination of changes in man-

agement practices to increase production, such as

increased mechanization and use of agrochemicals,

loss of crop varieties and crop rotation, and the

decrease of fallow land, non-cropped areas, and

natural and semi-natural vegetation (e.g. Tilman

et al. 2002; Tscharntke et al. 2005). One of the

defining consequences of agricultural intensification is

the homogenization of the agricultural mosaic at

multiple spatial scales, for instance through the loss of

land cover diversity and structural heterogeneity

(Benton et al. 2003; Tscharntke et al. 2005). Such

land cover homogenization has severely reduced the

suitability of farmland for numerous species across

multiple taxa through reducing (nesting) habitat, food

availability, and causing habitat fragmentation (e.g.

Hinsley 2000; Weibull et al. 2003; Concepción et al.

2008; Guerrero et al. 2012; Tscharntke et al. 2012).

To mitigate the loss of farmland biodiversity, a

range of national and international conservation

policies are being implemented. In the European

Union, agri-environment schemes (AES) of the Euro-

pean Common Agricultural Policy (CAP; Pillar 2) are

a particularly prominent strategy (Skogstad and Ver-

dun 2010). Farmers can take up AES voluntarily and

receive financial support to improve habitat quality

and promote certain species. However, the effective-

ness of AES for biodiversity conservation has been

questioned, and European farmland biodiversity con-

tinues to decline (Kleijn et al. 2006, 2011; Pe’er et al.

2014). The apparent ineffectiveness of AES partly

could be explained by the lack of effective tools to

assess the outcomes of AES (Kleijn and Sutherland

2003), or by a poor fit of AES to the ecological

requirements of specific farmland bird species (Princé

et al. 2012). Moreover, the effectiveness of AES is

likely to be dependent on context conditions, including

levels of land-use intensification (Princé et al. 2012)

and landscape complexity. For example, local-scale

AES may be more effective in relatively homogenous

landscapes than in highly heterogeneous landscapes

(Tscharntke et al. 2005; Concepción et al. 2008;

Batary et al. 2011a). However, highly heterogeneous

landscapes are threatened as a whole (Tscharntke et al.

2005). To more effectively protect the ecological

values of heterogeneous landscapes, a key challenge

therefore is to scale up AES, from local-level

measures to landscape-level measures (Concepción

et al. 2008).

The increasing shift in focus from local to larger

scale agri-environment measures (e.g. Dallimer et al.

2010; McKenzie et al. 2013) could thus be of

particular interest for heterogeneous landscapes, such

as the traditional farming landscapes in Eastern

Europe (Fischer et al. 2012). Traditional farmland is

typically characterized by high heterogeneity in land

cover and structural elements (Plieninger et al. 2006),

and subsequently often harbors high levels of biodi-

versity, including threatened species (Tscharntke et al.

2005; Kleijn et al. 2009). However, traditional farming

landscapes are under severe pressure of landscape

homogenization from changes associated with agri-

cultural intensification (Lepers et al. 2005). Neverthe-

less, empirical research to inform conservation

management is lacking from the traditional farming

regions in Eastern Europe, and therefore current

measures within the CAP are poorly adapted to

Eastern European conditions (Baldi and Batary

2011; Tryjanowski et al. 2011; Sutcliffe et al. 2014).

Given this context, understanding the potential effects

of land cover homogenization on biodiversity in

traditional landscapes is an important research

priority.

Here, we present a case study highlighting the

potential consequence of homogenization of a tradi-

tional farmland mosaic for the Corncrake (Crex crex)

in Transylvania, Romania. The Corncrake is a pro-

tected bird species in the European Union that

primarily occurs in low-intensity grasslands and wet

meadows with tall vegetation (Green et al. 1997).

Agricultural intensification caused major declines in

Corncrake populations in Western Europe (Green

et al. 1997), although recently, some populations have

begun to recover (Koffijberg and Schäffer 2006;

Koleček et al. 2014). In contrast, large populations

persist in former USSR and Eastern European coun-

tries. However, several populations in this region are

declining (Koffijberg and Schäffer 2006; Koleček

et al. 2014), and current trends in economic develop-

ment are expected to enhance landscape homogeniza-

tion and may thus further exacerbate existing declines

(Fourcade et al. 2013). To date, Romania has persisted
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as a major stronghold of the Corncrake, supporting an

estimated 60,000 individuals (Koffijberg and Schäffer

2006).

With this study, we sought to understand the drivers

underpinning Corncrake distribution in traditional

Romanian farmland to gauge its sensitivity to possible

future land cover homogenization. Specifically, (1) we

assessed the response of Corncrake presence to human

disturbance, and different features of landscape struc-

ture at three spatial scales; and (2) based on this, we

simulated the possible effects of land cover ho-

mogenization on the distribution of suitable Corncrake

habitat.

Methods

Study area and design

The study area covered 3100 km2 and was located in

Southern Transylvania, Romania, at altitudes between

230 and 1100 m (Fig. 1a). Transylvania is one of

Europe’s last regions dominated by traditional, small-

scale farming systems. The landscape supports a

heterogeneous farmland mosaic with similar amounts

of forest and farmland: 47 % forest, 20 % pastures, and

25 % arable land (Corine Land Cover Digital

map 2006). Arable land is used mainly for low-intensity

semi-subsistence farming, with most fields smaller than

two hectares. Most fields are still tilled by horses and

people, and agrochemical use is low by European

standards. Considering all farmland, the average use of

inorganic fertilizer was only 16 kg/ha in 2013 in the four

counties in which our study was carried out (INS 2015),

while the average use in Romania is 28 kg/ha and

76 kg/ha for the entire European Union (www.ec.euopa.

eu). Hay meadows provide fodder for livestock and

many are still cut by hand. This, in turn, provides a

variety of different sward heights throughout the spring

and summer. The semi-natural pastures are grazed by

sheep (dominant livestock), goats and cattle. Semi-nat-

ural vegetation is present throughout the landscape as

hedgerows, streamside vegetation, and scattered trees.

About half of the study area (1500 km2) was located

within the EU protected Natura 2000 network, including

both sites of community importance (SCI, Habitats

Directive), and special protection areas (SPA, Birds

Directive; Fig. 1a).

To select our survey sites, we divided the study area

into ‘‘village catchments’’, defined as villages includ-

ing their surrounding land. Such village catchments

have been identified as both ecologically and socially

meaningful landscape units (Angelstam et al. 2003).

We delineated the area belonging to a given village

catchment using a cost-distance algorithm that allo-

cated each pixel to the village with the lowest travel

cost (defined by slope) to this pixel in ArcGIS 10.1.

The study area contained 172 villages. We randomly

selected a subset of 42 villages (Fig. 1a), stratified to

cover the full gradients of terrain ruggedness (low,

medium, high) and protection level (Natura 2000, no

protection). Terrain ruggedness was divided into three

categories based on terciles of ruggedness values

across the entire study area. The standard deviation

ranged from 32.5 to 47.8 m, with a mean altitude of

491 m for the low category; from 47.8 m to 57.7 m

with a mean altitude of 500 m for the medium

category; and from 57.7 to 97.2 m, with a mean

altitude of 518 m for the high category. Thus, seven

villages were selected for each possible cross-combi-

nation of ruggedness level and protection status.

Within each village, survey sites were placed along

all drivable roads with a distance of 500 m between

sites (Moga et al. 2010; Fig. 1a), resulting in 331

survey sites in total. The number of sites varied

between 2 and 18 per village catchment.

Corncrake surveys

Corncrake surveys were performed under suitable

weather conditions in the breeding season of 2013,

from May 15 to June 30, from 23:00 to 3:00 h, which

is the most active calling period (Moga et al. 2010).

Each site was surveyed twice, using 5 min point

counts from the road based on auditory observations

(Bibby et al. 2000). The Corncrake typically calls

loudly and frequently, and is often heard over several

hundred meters. 5 min appeared to be an appropriate

time span, with 82 % of all males detected within

1 min and 98 % within 4 min. The location of each

singing (male) Corncrake was calculated by triangu-

lation, based on two to three GPS points and their

respective compass bearing towards the singing bird.

Triangulation was implemented in ArcGIS using the

tool ‘‘Bearing distance to line’’; Corncrake locations

were defined as the crossing of two lines in case of two
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GPS points or as the center of the polygon in case of

three GPS points.

To broadly characterize the landscape surrounding

Corncrake locations we identified the land cover of all

Corncrake locations from the road within the follow-

ing categories: arable land, fallow land, hay meadow,

pasture, and marginal elements (e.g. reed patches and

field margins). No further habitat measurements were

taken because detailed microhabitat requirements of

the Corncrake in this region were previously described

by Moga et al. (2010).

Variables used to model Corncrake presence

We modelled Corncrake presence/absence around

each site in relation to two indices of human distur-

bance as well as to environmental variables that may

explain Corncrake occurrence. The indices of human

disturbance were human population density and

distance to village. Environmental variables were

measured at three spatial scales. The local scale

(circular area of 10 ha, radius of 178 m) covered the

approximate home range of the Corncrake (Grabovsky

1993; Van Weperen 2009), which rarely moves more

than 250 m between calling sites (Peake and McGre-

gor 2001). The context scale (circular area of 100 ha,

radius of 564 m) and village catchment scale

(mean ± SD: 18.2 ± 10.7 km2) represented scales

beyond the typical daily movements of male Corn-

crakes (Sklı́ba and Fuchs 2004).

At each scale, we quantified environmental vari-

ables expressing woody vegetation cover, land cover

heterogeneity, and topography (Table 1). Both woody

vegetation cover and land cover heterogeneity are

Fig. 1 a The inset shows the location of Romania in Europe

(red) and the location of the study area in Romania (black). The

close-up of the study area shows the location of the survey sites

in the 42 focal villages and the area protected in the Natura 2000

network. The altitude is given for the area occupied by farmland

(arable land and pastures), and represents the area for predicted

Corncrake habitat suitability in Fig. 3. b The location of

Corncrake presences in relation to land cover diversity in a 100

ha surrounding (context scale)
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likely to be affected by possible land cover ho-

mogenization (Benton et al. 2003; Tscharntke et al.

2005). In contrast, topography controls key bio-

physical gradients within the landscape, but is not

subject to medium-term changes.

At the local scale we included the variables:

(i) proportion of woody vegetation cover, (ii) spectral

variance of monochromatic SPOT imagery (�CNES

2007, Distribution Spot Image SA) as an index of local

structural heterogeneity, and (iii) Topographic wet-

ness index (TWI) to indicate topographic position and

potential soil wetness. At the context scale we

included: (i) Simpson’s diversity index of land cover

(assessed with FRAGSTATS 4.1, McGarigal et al.

2012), and (ii) terrain ruggedness. We excluded

woody vegetation cover at this scale because it was

positively correlated with terrain ruggedness

(q = 0.63). We also excluded edge density (see

below) because it was positively correlated with the

Simpson’s diversity index of land cover (q = 0.75).

Finally, at the village catchment scale we included:

(i) Simpson’s diversity index of land cover, (ii) land

cover edge density, (iii) proportion of arable land

cover, and (iv) terrain ruggedness. We did not include

woody vegetation at this scale because it is dominated

by forest cover which is unsuitable for Corncrakes.

Together, these (statistically independent) variables

characterized major differences in land cover compo-

sition and configuration between village catchments.

For a detailed description of human disturbance and

Table 1 Description and calculation of human disturbance variables and the environmental variables (at local, context, and village

catchment scale) used to model Corncrake distribution

Variable Description and calculation Data source

Human disturbance

Population density

(people per km2)

Human population density; calculated as the number of people per each

village catchment area

National Institute for Statistics,

Romania, 2008

Distance to village

(m)

Distance to the closest village; calculated as the distance from each point

to the edge of the nearest village

National Institute for Statistics,

Romania, 2008

Local scale (10 ha)

Woody vegetation

cover (%)

Proportion of woody vegetation cover; calculated as the percent cover

based on a supervised classifications of the panchromatic channels of

SPOT 5 data

CNES 2007, distribution spot

image SA; resolution of 10 m

Heterogeneity Remotely sensed compositional heterogeneity; calculated as the standard

deviation of the monochromatic channel of SPOT 5 data

CNES 2007, distribution spot

image SA; resolution of 2.5 m

Topographic

wetness index

Relative position in the landscape and hence potential soil wetness;

calculated as a function of upslope catchment area to local slope

ASTER digital elevation model;

resolution of 30 m

Context scale (100 ha)

Land cover

diversity

Compositional heterogeneity of different land covers; calculated as the

Simpson’s diversity index of land cover

Corine land cover digital

map 2006

Ruggedness (m) Terrain ruggedness; calculated as the standard deviation of the altitude ASTER digital elevation model;

resolution of 30 m

Village catchment scale (18.2 ± 10.7 km2)

Land cover

diversity

Compositional heterogeneity of different land covers; calculated as the

Simpson’s diversity index of land cover

Corine land cover digital

map 2006

Edge density

(m/ha)

Configurational heterogeneity of different land covers; calculated as the

edge density of land cover in meters per hectare

Corine land cover digital

map 2006

Arable land cover

(%)

Proportion of arable land; calculated as the percent cover Corine land cover digital

map 2006

Ruggedness (m) Terrain ruggedness; calculated as the standard deviation of the altitude ASTER digital elevation model;

resolution of 30 m

Environmental variables were calculated at three spatial scales. The data source for the environmental variables and units for

variables with a unit are given
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environmental variables and their calculation, see

Table 1.

Statistical analysis

We pooled Corncrake presence data over the two

repeated surveys. Because some individual Corncrake

locations were in very close proximity to one another,

we did not attempt to distinguish between individuals

between the two repeats. At sites where no Corncrake

was detected (n = 171), one absence point was

randomly allocated in farmland within a 1000 m

circular buffer, which equals the maximum distance a

Corncrake call can be heard (Moga et al. 2010).

All analyses were implemented in the R-environ-

ment using the packages ‘‘MASS’’, ‘‘raster’’, ‘‘rgdal’’,

‘‘maptools’’ and ‘‘spatstat’’ (R Development Core

Team 2013). We modeled Corncrake presence/ab-

sence using a generalized linear mixed effects model

(function glmmPQL from the ‘MASS’ package) with a

binomial error distribution. The models included all

human disturbance and environmental variables as

explanatory variables (fixed effects), village as a

random effect to account for nested experimental

units, and an autocorrelation structure of order 1,

implementing geographic coordinates to account for

spatial autocorrelation (Dormann et al. 2007). The

final minimum adequate model was obtained through

stepwise backward selection (p B 0.1), because AIC

is not implemented in glmmPQL. The model was

internally validated using AUC based on a model

calibrated on a randomly selected training dataset

(70 % of the data) and predictions to the remaining

validation dataset (30 % of the data). Validation was

repeated 100 times and AUC values were averaged.

We confirmed that variables were not correlated

(q\ 0.6), log-transformed local woody vegetation

cover and population density, square-root transformed

distance to village, and standardized all variables to

zero mean and unit variance, prior to modelling.

Based on the model outlined above, we simulated

how the distribution of suitable Corncrake habitat

would change under hypothetical scenarios of land

cover homogenization. This was implemented by a

stepwise reduction of context land cover diversity and

subsequently predicting suitable Corncrake habitat for

each step. Notably, we only altered context land cover

diversity, because of the modelled variables it is the

variable most likely to change under land cover

homogenization. Other variables that influenced Corn-

crake occurrence are either not influenced by land

cover change (e.g. ruggedness), or would change in

unpredictable ways (e.g. human population density).

We reduced land cover diversity incrementally by

values of 0.01 for a given pixel in a given step (original

dataset: min = 0, max = 0.84). Pixels with a value of

zero were not reduced further. After each homogeniza-

tion step, we predicted the probability of suitable

Corncrake habitat in farmland (grassland and arable

land) of the whole study area using the fixed effects

estimates from the above described Corncrake model.

Finally, the predicted probabilities of occurrence were

converted into presence/absence data using a prob-

ability threshold of 0.5 to define suitable Corncrake

habitat.

Based on the results of this simulation, we calcu-

lated percent loss in land cover diversity as the

proportion of land cover diversity in a given step

relative to the current situation and standardized to

100 %. Similarly, we calculated the remaining pro-

portion of suitable Corncrake habitat based on the area

of predicted suitable Corncrake habitat in a given

simulation step relative to the total area of suitable

Corncrake habitat in the region. To visualize the

effects of reducing land cover diversity, we plotted

percent loss of land cover diversity against the percent

of available suitable Corncrake habitat. Additionally,

land cover diversity and Corncrake suitable habitat

were mapped, both for current conditions and for

habitat losses of 33 and 66 %, corresponding to the

loss of a third or two-thirds of the available suitable

habitat, respectively.

Results

We found 114 Corncrake presences pooled over the

two repeats, of which 71 were located in the Natura

2000 area (Fig. 1b). Corncrakes occurred most fre-

quently in arable land (36; 25 in Alfalfa fields,

Medicago sativa subsp. sativa), marginal elements

[31; mostly reed (Phragmites australis)], and hay

meadows (25), followed by fallow land (13) and

pastures (9).

Corncrake presence was predicted by human dis-

turbance variables and by environmental variables at

the local and context scales (Table 2). The Corncrake

was more likely to occupy remote locations at large
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distances from villages, and village catchments with a

low human population density. Moreover, the species

was more likely to occur in areas with low terrain

ruggedness and high land cover diversity at the context

scale, and a high topographic wetness index at the

local scale (Table 2; Fig. 1b). Model validation indi-

cated a good overall model performance (AUC

mean ± SD: 0.84 ± 0.04).

The simulation of Corncrake distribution in re-

sponse to landscape homogenization showed that the

extent of predicted suitable Corncrake habitat de-

creased rapidly with a simulated loss of land cover

diversity at the context scale. Notably, a substantial

contraction of suitable Corncrake habitat was already

apparent at relatively small reductions in land cover

diversity (Figs. 2, 3). For example, an 11 % overall

decrease in current land cover diversity (based on the

complete range of the variable standardized to 100 %)

resulted in a 33 % loss of suitable Corncrake habitat

(Fig. 3; middle row); and a 35 % decrease in current

land cover diversity resulted in a 66 % loss of

Corncrake habitat (Fig. 3; bottom row).

Discussion

Our study adds to a growing body of knowledge on the

effects of heterogeneity on farmland biodiversity,

suggesting that the loss of heterogeneity, typically

associated with land-use intensification, can negative-

ly impact biodiversity (e.g. Stein et al. 2014).

Furthermore, substantial losses of Corncrake habitat

are likely to result from relatively small losses in land

cover diversity, indicating a non-linear relationship

between habitat loss and loss in land cover diversity.

These findings have important implications for the

management of heterogeneous farming landscapes. In

Europe, the majority of studies on the effects of

landscape homogenization on farmland biodiversity

have been performed in countries with more inten-

sively used farmland (e.g. Devictor and Jiguet 2007;

Pickett and Siriwardena 2011), while more heteroge-

neous, low-intensity regions remain poorly understood

(Baldi and Batary 2011; Tryjanowski et al. 2011). Our

findings suggest that land cover homogenization in a

Table 2 Model coefficient

estimates ± Standard Error

(SE) of the final generalized

linear mixed effects model

obtained through backward

selection (threshold of

p\ 0.1)

– Indicates variables not

contained in the final model

Scale Variable Estimate ± SE p

(Intercept) -0.57 ± 0.37 0.13

Human disturbance Population density -0.77 ± 0.40 0.06

Distance to village 0.35 ± 0.15 0.02

Local Woody vegetation cover – –

Heterogeneity – –

Topographic wetness index 0.31 ± 0.14 0.03

Context Land cover diversity 0.49 ± 0.18 \0.01

Terrain ruggedness -0.95 ± 0.20 \0.01

Village catchment Land cover diversity – –

Edge density – –

Arable land cover – –

Terrain ruggedness – –

Fig. 2 Predicted suitable Corncrake habitat as a function of

land cover diversity loss in a 100 ha surrounding (context scale).

Land cover diversity loss was simulated through a step-wise

reduction of current land cover diversity. Suitable Corncrake

habitat is expressed as the remaining proportion of Corncrake

habitat calculated as the area of predicted Corncrake habitat in a

given simulation step relative to the total area of Corncrake

habitat in the region
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traditional farming landscape could drastically reduce

suitable habitat for farmland species such as the

Corncrake. This underlines the need for conservation

strategies that consider land cover diversity across

entire landscape mosaics, and that are specifically

geared towards traditional farmland supporting large

populations of rare or threatened species.

Agricultural landscapes are increasingly recognized

for their value for biodiversity conservation (e.g.

Mendenhall et al. 2014). This is especially important

Fig. 3 Predicted distribution of suitable Corncrake habitat

under current and reduced land cover diversity in a 100 ha

surrounding (context scale; resolution 27 m 9 27 m). The left

column shows changes in land cover diversity and the right

column shows the predicted concurrent change in the distribu-

tion of suitable Corncrake habitat. The upper row represents the

current situation. Thresholds for simulation of land cover

diversity were selected to illustrate a habitat loss of 33 and 66 %

of the current habitat. These figures were chosen to exemplify

the continuous pattern from Fig. 2 and were purely based to

show a third and two-thirds of habitat lost. The middle row

represents an 11 % reduction in land cover diversity which

reduces Corncrake habitat by 33 %. The lower row represents a

35 % reduction in land cover diversity which reduces Corncrake

habitat by 66 %. Land cover diversity varies from low (grey) to

high (black) on a standardized scale between 0 and 1. The

boxplot below each figure represents the distribution of land

cover diversity for a given step. Suitable Corncrake habitat

(black) was assumed by a predicted probability of Corncrake

occurrence of 0.5 or higher
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for European landscapes, which reflect centuries of

interactions between people and the natural environ-

ment (Bignal and McCracken 2000). Long-established

traditional agriculture has created many of the habitats

and niches for species valued for biodiversity today

(Bignal and McCracken 2000). Nevertheless, tradi-

tional agricultural landscapes have declined dra-

matically over the last decades (Foley et al. 2005).

The few remaining examples are under considerable

threat from changes in agricultural management and

their continued existence hinges on both national and

international conservation policies (Henle et al. 2008).

Our study shows that land-cover heterogeneity is a

key feature to be addressed in conservation measures

targeting traditional farmland. The positive effects of

heterogeneity on biodiversity, including farmland

birds, have been well-documented (e.g. Weibull

et al. 2000; Benton et al. 2003; Diacon-Bolli et al.

2012; Stein et al. 2014). In particular, land cover

diversity appears to positively affect bird richness and

abundance in farmland (Sanderson et al. 2009; Pickett

and Siriwardena 2011), suggesting that different land-

use covers provide complementary resources, such as

feeding, nesting, and sheltering sites. However,

responses of farmland birds to heterogeneity are

species-specific; especially ground nesting birds and

open farmland specialists often prefer relatively

homogenous landscapes (Filippi-Codaccioni et al.

2010; Fischer et al. 2011; Pickett and Siriwardena

2011; Guerrero et al. 2012). For such specialist

species, management practices to increase hetero-

geneity may therefore reduce their populations, espe-

cially in low-intensity farmland (Batary et al. 2011b).

Also the Corncrake is a ground-nesting species in

open farmland, and similar to other grassland species,

it has been observed to occur in extensive areas of

relatively homogenous, uncultivated meadows (Keišs

2005; Berg and Hiron 2012; Quinn et al. 2012).

Nevertheless, a traditional farmland mosaic such as

the one we studied evidently can provide important

additional habitat for the Corncrake. Land cover

homogenization at the context scale as consequence

of intensification would have a substantial negative

impact on the Corncrake in currently heterogeneous

landscapes. To protect the Corncrake in traditional

farmland, it is therefore important to ensure the

persistence of mixed farming practices.

While the use of low-intensity grasslands and hay

meadows by the Corncrake is well documented (Berg

and Gustafson 2007; Budka and Osiejuk 2013), less is

known about the complementary values of other land-

uses to the species (but see e.g. Berg and Hiron 2012).

For example, in a diverse land cover mosaic, un-

cropped arable land, and the high density of edges

between different land covers (e.g. field margins or

ditches) provide safe breeding or sheltering sites for

the Corncrake (Green et al. 1997; Corbett and Hudson

2010; Budka and Osiejuk 2013). Such structures are

especially important during the early breeding season

when the height of surrounding spring-vegetation is

short (Budka and Osiejuk 2013). In addition, field

margins are often rich in invertebrates (Josefsson et al.

2013), and thus a higher abundance of field margins

may increase food availability for the Corncrake.

Some studies have found that the Corncrake tends

to avoid annually cropped arable fields (Keišs 2005;

Berg and Hiron 2012; Budka and Osiejuk 2013).

However, we found a considerable number of Corn-

crakes in arable fields, and in particular in Alfalfa

fields. Corncrakes and other grassland species have

also been observed in grass or clover fields used for

silage and hay in other regions (Corbett and Hudson

2010; Berg and Hiron 2012; Quinn et al. 2012).

Although this suggests that arable fields sown with

grass or leguminous plants can provide important

additional habitat for Corncrakes, care should be taken

for appropriate management because hayed crops can

create population sinks (Perlut et al. 2006). In contrast,

pastures appeared to have little habitat value for the

Corncrake, and similarly to other regions, the Corn-

crake was more likely to be present in hay meadows

than pastures (Wettstein et al. 2001; Keišs 2005). The

Corncrake may avoid grazed pastures for several

reasons. For example, they are typically located on

better drained, steeper slopes, whereas the Corncrake

preferentially uses moist flat areas. In addition, the

reduced vegetation height in pastures caused by

grazing may reduce habitat suitability (Berg and

Gustafson 2007).

Loss of hay meadows and the intensification of

grassland management are currently viewed as the

main threats to Corncrake populations (Koffijberg and

Schäffer 2006). Therefore, current conservation strate-

gies (including AES schemes) for the Corncrake relate

primarily to the maintenance of hay meadows and

low-intensity grasslands, with emphasis on specified

mowing regimes (Koffijberg and Schäffer 2006; Berg

and Gustafson 2007) and leaving unmown refuge
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strips (Tyler et al. 1998). These methods have been

successful (Koffijberg and Schäffer 2006), and have

also provided wider biodiversity benefits in countries

with relatively intensive agriculture (Wilkinson et al.

2012). However, our results suggest that the imple-

mentation of grassland-focused strategies alone may

not be sufficient for Corncrake conservation in Tran-

sylvania’s traditional farmland. Moreover, at present,

farmers in Transylvania mow their land in a way that

creates a heterogeneous vegetation structure, includ-

ing numerous unmown patches until late in the season.

Delayed mowing regimes could potentially be coun-

ter-productive, because they may result in the syn-

chronization of management and thus homogenization

of vegetation height (Dahlström et al. 2013), which

has negatively affected Corncrakes elsewhere (Bram-

billa and Pedrini 2013). Other specific CAP measures

in Romania, such as sheep premium payments, also

may pose a threat to the Corncrake. This is because

such incentives may inadvertently encourage the

conversion of hay meadows to pastures (Demeter

and Kelemen 2012). These examples highlight the

need to carefully adjust agri-environment schemes and

other CAP measures to traditional farmland. More-

over, schemes particularly related to the Corncrake

should primarily target core Corncrake habitat, such as

remote, flat and wet areas, which are especially at risk

of conversion to homogenous, intensified farmland.

Our findings thus underline that agri-environment

management needs to be adapted to the context of the

landscape (Batary et al. 2011a), and schemes designed

for high-intensity landscapes cannot be readily trans-

ferred to traditional farmland (Sutcliffe et al. 2014).

Given the affinity of the Corncrake with the hetero-

geneous farmland mosaic, there could be major

benefits in agri-environment schemes specifically

aiming at maintaining the heterogeneous character of

low-intensity landscapes (Kleijn et al. 2011). Without

pro-active policy measures to maintain land cover

heterogeneity in traditional farmland, homogenization

of the landscape will have negative effects on

biodiversity in general, and on already threatened

species such as the Corncrake in particular.

The successful implementation of measures that

maintain land cover heterogeneity across entire land-

scapes will hinge on finding ways to coordinate

actions across multiple farmers, rather than relying on

local measures alone (McKenzie et al. 2013). More-

over, high heterogeneity in traditional farmland is

tightly linked to the multi-functionality of semi-

subsistence farm holdings of relatively small size

(Tryjanowski et al. 2011). Thus, landscape-scale

governance may be challenging because it depends

on the involvement of many individual farmers

(McKenzie et al. 2013). In traditional farmland, AESs

could be used to support collaborations of specific

target groups (Pe’er et al. 2014), such as small-scale

farm holders which create the heterogeneous mosaic

but are also particularly susceptible to selling land to

large-scale farmers.

Conclusions

Our study showed that heterogeneous farmland has

high complementary conservation value for the Corn-

crake, in addition to their core habitat of large areas of

wet meadows. Furthermore, our simulations high-

lighted that in heterogeneous low-intensity farmland,

conservation measures implemented on small scales

by single farmers should be complemented with

landscape-scale measures to maintain land cover

heterogeneity. Although we highlighted the impor-

tance of landscape-scale conservation for a single

protected species, a similar pattern appears to be

emerging more generally (e.g. Merckx et al. 2009;

Dallimer et al. 2010). More research is needed on the

effectiveness of landscape-scale conservation in farm-

land; however, research should also focus on how

conservation measures targeting whole landscapes

rather than single farms can be implemented. This is

especially important in traditional farming landscapes,

many of which are complex but rapidly changing

social-ecological systems that are threatened by land

cover homogenization.
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merle T, Leuschner C, Lindborg R, Loos J, Maccherini S,
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Herzon I, Goławski A, Konvička M, Hromada M, Jerzak L,

Kujawa K, Lenda M, Orłowski G, Panek M, Skórka P,

Sparks TH, Tworek S, Wuczyński A, _Zmihorski M (2011)

Conservation of farmland birds faces different challenges

in Western and Central-Eastern Europe. Acta Ornithol

46(1):1–12

Landscape Ecol

123

http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://dx.doi.org/10.1111/ddi.12288


Tscharntke T, Klein AM, Kruess A, Steffan-Dewenter I, Thies C

(2005) Landscape perspectives on agricultural intensifica-

tion and biodiversity—ecosystem service management.

Ecol Lett 8(8):857–874

Tscharntke T, Tylianakis JM, Rand TA, Didham RK, Fahrig L,

Batary P, Bengtsson J, Clough Y, Crist TO, Dormann CF

(2012) Landscape moderation of biodiversity patterns and

processes-eight hypotheses. Biol Rev 87(3):661–685

Tyler GA, Green RE, Casey C (1998) Survival and behaviour of

Corncrake Crex crex chicks during the mowing of agri-

cultural grassland. Bird Stud 45(1):35–50

Van Weperen M (2009) Habitat selection of the Corncrake

(Crex crex) in floodplains along the Dutch Rhine river

branches. Msc-thesis, Radboud Universiteit, Nijmegen

Weibull AC, Bengtsson J, Nohlgren E (2000) Diversity of

butterflies in the agricultural landscape: the role of farming

system and landscape heterogeneity. Ecography

23(6):743–750
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