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Abstract. Traditional farming landscapes harbour high biodiversity worldwide, but are increasingly threatened by agricultural 
intensification. Here, we aimed to assess the impact of current and potential future land-use intensification on the avifauna in 
Transylvania, Romania, one of Europe’s most notable traditional farming landscapes. We conducted repeated point counts for 
breeding birds in a randomly selected set of 30 forest, 60 grassland, and 60 arable sites. We first compared the overall bird richness 
and the richness of birds with different habitat specialization between the three main land-use types. Second, we examined the 
responses of bird richness to a gradient in woody vegetation cover and compositional heterogeneity in arable land and grassland to 
indicate changes in land-use intensity. Third, we examined at which spatial scales the effects occurred. All three land-use types 
contributed to the overall regional bird diversity, including several species of conservation concern. Overall species richness and 
richness of forest specialists was highest in forests, whereas the opposite was true for farmland birds. Within farmland, richness of 
forest specialists and farmland birds was most strongly positively affected by woody vegetation cover within one hectare. However, 
for farmland birds this effect was stronger in arable land compared to grassland. In contrast, woody vegetation cover had a negative 
effect on the richness of open-country specialists within 50 hectares. Maintaining forest cover in farming landscapes will be 
important to conserve forest specialists. To conserve farmland species, individual farmers should be encouraged to maintain woody 
vegetation cover at the local scale. In contrast, open-country specialists would benefit from extensive grassland areas with low cover 
of woody vegetation. Thus, maintaining bird diversity in traditional farming landscapes requires a combination of small- and large 
scale conservation approaches. For this to be successful, cooperation among multiple stakeholders is necessary to achieve larger-
scale conservation action. 
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Introduction 
 
Agriculture is essential to humanity, but the expansion and 
intensification of agriculture is a global conservation issue 
(Tilman et al. 2001, Foley et al. 2005). Today, agricultural 
land occupies 40% of terrestrial land (Foley et al. 2005), and 
further expansion and intensification of agriculture is pre-
dicted in the coming decades (Foley et al. 2011, Tilman et al. 
2011). While agricultural land has often been viewed by con-
servationists as uniformly inhospitable ‘non-habitat’ (Fahrig 
2003), such land supports much of the world’s biodiversity 
(Wright et al. 2012), and there is a growing recognition that 
some agricultural landscapes are pivotal for global biodiver-
sity conservation (Clough et al. 2011, Tscharntke et al. 2012).  

Traditional farming landscapes occur in regions where 
farming practices have changed little over long periods of 
time (i.e. centuries; Bignal & McCracken 2000, Fischer et al. 
2012). Examples of traditional farming landscapes include 
the Satoyama landscapes in Japan (Takeuchi 2010), the Milpa 
cultivation systems in Mexico (Robson & Berkes 2011), 
south-western China’s terrace landscapes (Liu et al. 2013), 
and traditional village systems in parts of Eastern Europe 
(see Fig. 1; Palang et al. 2006, Fischer et al. 2012). Traditional 
farming landscapes often retain a high cover of ‘countryside 
elements’ (Daily et al. 2003) – natural and semi-natural habi-
tats within the farming landscapes, such as scattered trees, 
hedgerows, and small patches of woody vegetation cover 
(Haslem & Bennett 2008, Mendenhall et al. 2011) – and high 
spatial heterogeneity in land uses and structural elements 

(Plieninger et al. 2006). These attributes, combined with low-
intensity farming practices, often result in high biodiversity 
(Tscharntke et al. 2005, Kleijn et al. 2009).  

Biodiversity within traditional farming landscapes is 
particularly vulnerable to the intensification of farming 
(‘land-use intensification’) for two reasons. First, as their 
farming practices are low-intensity, traditional farming 
landscapes often have large ‘yield gaps’ (the gap between 
the agricultural yields a parcel of land currently produces 
and that which it could produce under land-use intensifica-
tion; see Godfray et al. 2010). Recent work has advocated the 
closing of yield gaps to increase food production while re-
ducing the need for further expansion of agriculture (Foley 
et al. 2011, Phalan et al. 2014), creating an added incentive 
for the intensification of agriculture in traditional farming 
regions. Second, because of the long association of local bio-
diversity with a low-intensity form of farming, changes to 
agricultural practices may rapidly erode biodiversity within 
traditional farming landscapes (Bignal & McCracken 2000, 
Dorresteijn et al. 2015). However, there is a dearth of empiri-
cal studies documenting the impacts of land-use intensifica-
tion on biodiversity in traditional farming landscapes.  

In general, land-use intensification influences landscape 
structure via two related mechanisms. First, countryside ele-
ments are cleared to accommodate larger farms and more 
mechanized farming practices (Tscharntke et al. 2005, Maron 
& Fitzsimons 2007). For example, land use intensification in 
Britain resulted in a 50% reduction in hedgerows between 
the 1940s and 1999, largely driven by increases in the aver-
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age size of farms (Robinson & Sutherland 2002). Second, in-
creasing the scale of farming leads to landscape homogeni-
zation (Fahrig et al. 2011), as the fine-scale heterogeneity of 
low intensity farming gives way to larger-scale, industrial-
ized farms (Benton et al. 2003). The effects of these two 
changes on biodiversity are often scale-dependent. For in-
stance, Gonthier et al. (2014) found that mobile vertebrates 
respond more strongly to landscape-scale measures of land-
use intensity compared to local-scale measures, whereas the 
opposite was true for plants. Understanding the scale at 
which biodiversity responds to land use intensification is 
important as it can indicate the appropriate scale to imple-
ment policies aimed at biodiversity conservation (e.g. agri-
environment schemes; Tscharntke et al. 2005, McKenzie et al. 
2013). 

Here, we present a multi-scaled case-study of the effects 
of land-use intensification on bird communities in a tradi-
tional farming landscape in Eastern Europe. Eastern Europe 
is one region identified as having large yield gaps and there-
fore high potential for land-use intensification (see Foley et 
al. 2011, Mueller et al. 2012). Transylvania is one of Eastern 
Europe’s ecologically most notable regions dominated by 
traditional, semi-subsistence farming that has maintained a 
species-rich mosaic of arable fields, grasslands, and forests 
(Wilkie 2001, Akeroyd & Page 2007). Until recently Transyl-
vania’s farmland has changed relatively little, yet, the region 
is now undergoing rapid socio-demographic and land-use 
changes (Fig. 1) (Mikulcak et al. 2013). Notably, an increase 
in land-use intensity could cause a loss of land-cover hetero-
geneity and woody vegetation in the currently heterogene-
ous landscapes of Transylvania, which may significantly 
impact biodiversity in the future. 

To assess the impact of land-use on the region’s avi-
fauna, we undertook a natural experiment by strategically 
selecting survey sites along two gradients related to land-use 
intensity; (1) the cover of countryside elements (from open 
landscapes to more continuous forests), represented by the 
amount of woody vegetation within a landscape, and (2) 
landscape heterogeneity (from low to high compositional 
heterogeneity). We then analysed the response of bird com-
munities to these two gradients at three spatial scales. We 
aimed to (1) examine the consequences of anticipated land-
use intensification on bird species richness in a traditional 
farming landscape, including the independent effects of the 
loss of woody vegetation cover and landscape heterogeneity; 
and (2) reveal the scale at which such effects occur. 
 
 
Methods 
 
Study area  
The study area covered 7441 km2 in the foothills (230 m to 1100 m 
above sea level) of the Carpathian Mountains in Southern Transyl-
vania, Romania (Fig. 2a). The region contained 34% forest, 25% 
grassland, and 35% arable land. The remaining land cover included 
villages (typically < 1000 inhabitants; 4%), towns (1%), water bodies 
(1%), and permanent crops (3%), such as orchards and vineyards. 
Forests were dominated by hornbeam (Carpinus betulus), oak (Quer-
cus sp.), and beech (Fagus sylvatica). Grasslands occurred on the 
slopes and were grazed by sheep, goats and cattle. Most arable land 
occurred in the valleys and at low intensities and small scales, with 
some exceptions, especially in the broader valleys. The major crops 
were maize, alfalfa and wheat.  

 
Figure 1. Examples of traditional landscapes from around the world. 

(a) Satoyama landscapes in Japan; (b) terrace landscapes in China 
(c) Western Ghats in India; (d) a traditional farming village in the 
current study area (Transylvania); (e) an example of a low-intensity 
heterogeneous Transylvanian farmland; and (f) Transylvanian 
farmland under higher-intensity use with few countryside ele-
ments. Source: Wiki commons (a-c) and Jan Hanspach (d-f).  

 
 

 
Figure 2. Study area. (a) Romania with our study area highlighted, 

(b) our study area with selected village catchments highlighted, 
and (c) example of one of the village catchments showing the main 
land cover types and five survey sites. 

 
 

The region is characterized by a high degree of environmental 
heterogeneity, mainly due to the presence of small size farms (most 
farms are less than 2 ha), a patchwork of fields and field boundaries, 
and the occurrence of woody vegetation cover throughout fields and 
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Table 1. Overview of environmental variables used for generalized linear modelling. 
 

Scale Variable Description 
Local  Land-use type Land cover classification as forest, grassland, or arable land, based on CLCa 
 Woody vegetation cover  Percent woody vegetation cover derived from a supervised classification  

of the monochromatic channels of SPOT 5 Satellite data (accuracy of 94%)b 
 Compositional Heterogeneity Remotely sensed compositional heterogeneity indicated by the reflectance  

of land surfaces measured using the panchromatic channel of SPOT 5 datab.  
 Topographic wetness index  Measure of soil wetness, calculated as a function of slope and topographic positionc 
Context  Woody vegetation cover  Percent woody vegetation cover derived from a supervised classification  

of the monochromatic channels of SPOT 5 datab 
 Compositional heterogeneity  Simpson’s diversity index of land cover, based on a raster of all land-use types  

derived from CLCa,d 
 Terrain Ruggedness  Terrain ruggedness calculated as the standard deviation of the altitudec 
Village Woody vegetation cover Percent cover of forest derived from CLCa  
 Compositional heterogeneity  Simpson’s diversity index of land cover, based on a raster of all land-use  

types derived from CLCa,d 
 Terrain Ruggedness  Terrain ruggedness calculated as the standard deviation of the altitudec 
 

aCLC: Corine Land Cover Digital map 2006  
b©CNES 2007, Distribution Spot Image SA with a spatial resolution of 2.5 m x 2.5 m  

for the panchromatic channel, and of 10 m x 10 m for the monochromatic channels 
cBased on the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) 

 Global Digital Elevation Model Version 2 (GDEM V2) with a spatial resolution of 30 m x 30 m 
dCalculated using FRAGSTATS 4.2 (McGarigal et al. 2012) 

 
 

grasslands (Fig. 1d). Woody vegetation cover occurred as linear fea-
tures such as lines of trees and streamside vegetation, but also in 
small patches of shrubs and trees, and scattered shrubs or trees. The 
most common trees in farmland were similar to those in forest, but 
fruit trees (e.g. Prunus sp.) and Robinia pseudoacacia were also com-
mon. Common farmland shrub species were Salix sp., Crataegus 
monogyna, Prunus sp., Corylus avellana, and Rosa sp. Almost half of the 
study area (46%) was contained within Natura 2000 sites, including 
Sites of Community Importance (SCI, Habitats Directive) and Special 
Protection Areas (SPA, Birds Directive; Fig. 2b).  
 
Study design 
Our design followed the principles of a snapshot “natural experi-
ment” in that we used randomly selected and replicated experimen-
tal units within pre-defined strata of ecologically relevant landscape 
gradients (Diamond 1986). We considered two spatial scales for 
stratification, namely village catchments (defined below) and survey 
sites. Village catchments were chosen for stratification at the land-
scape scale because they constitute both ecologically and socially 
meaningful units (Angelstam et al. 2003). Village boundaries were 
delineated using a cost-distance algorithm implemented in ArcGIS 
with the village centre as the reference point and the slope and the 
distance to the next village as the cost variables. We randomly se-
lected 30 village catchments (Fig. 2b), stratified to cover full gradi-
ents in terrain ruggedness to account for the key environmental gra-
dient across the region (standard deviation of the altitude; low, me-
dium, high; defined by the upper, middle, and lower terciles), and 
protection level (SCI, SPA, no protection; see Appendix Table A.1).  

Within each village catchment, we randomly allocated five sam-
ple sites to the three main land covers, namely forest, grassland and 
arable land. Of a total of 150 sites, 30 were located in forest, 60 in 
grassland, and 60 in arable land. We surveyed fewer sites in forests 
because our main interest was in changes in avifauna farmland and 
also because forests are structurally more homogenous compared to 
grassland and arable land. Grassland sites included pastures and 
meadows and arable sites included fields as well as fallow land and 
field margins. We collectively refer to grassland and arable land as 
“farmland”. Sample sites were circular areas of one ha (i.e. radius of 
56 m).  
Grassland and arable sites were cross-stratified to cover full gradi-
ents in cover of woody vegetation (i.e. percent cover: low (0-5%), 
medium (5-15%), and high (15-60%); thresholds chosen on a loga-
rithmic scale to match distributional characteristics and to give a 
good resolution at low cover) and compositional heterogeneity (low, 
medium, high; defined by terciles) calculated within one ha (see de-

tails in Table 1). Woody vegetation cover was derived from a super-
vised classification of the monochromatic channels of SPOT 5 satel-
lite data on a 10 m x 10 m resolution. Low intensity farming in 
Southern Transylvania is characterised by a high frequency of 
woody vegetation along field margins or even within fields, whereas 
this is lacking in more intensively farmed areas. Compositional het-
erogeneity was calculated as the standard deviation in 2.5 m x 2.5 m 
panchromatic SPOT 5 satellite imagery describing the variation in 
land cover patterns (Riera et al. 1998). This heterogeneity measure 
based on SPOT data effectively captured small-scale patterns of het-
erogeneity (e.g. from smaller field sizes, field margins, unused land, 
or scattered trees). Thus, heterogeneity links to different levels of 
land use intensity in the study area. Within our sites, all possible 
cross-combinations of the woody vegetation and heterogeneity 
classes were replicated (8 sites selected on average for each combina-
tion), except for sites with high woody vegetation cover and low 
compositional heterogeneity, which did not exist (see Table A.2). 
Importantly, this cross-stratification approach to site selection avoids 
strong correlations between woody vegetation cover and heteroge-
neity, allowing us to isolate the independent effects of woody vege-
tation cover and compositional heterogeneity. In contrast, an un-
stratified selection along gradients of correlated variables would 
have led to collinearity in explanatory variables, which is problem-
atic for the application of linear models. 
 
Scales of analysis 
Because the response of biodiversity to land-use intensification is 
scale-dependent (Gonthier et al. 2014), we calculated environmental 
variables at three scales. The local scale covered the site (1 ha), and 
approximately corresponded to both the typical home range size of 
breeding passerines (Cramp 2000) and the average size of local farm-
ing units. The effects of local-scale environmental variables can ex-
plain how individual landowners can affect bird communities on 
their farms by manipulating landscape structure at a fine scale. The 
context scale covered an area of 50 ha (i.e. radius of 400 m), and was 
used because birds responded to landscape metrics at this scale 
elsewhere (Barbaro & Van Halder 2009). The context scale also repre-
sents how actions by collective landowners could affect on-farm bio-
diversity. Finally, the village scale corresponded to the village catch-
ment (mean ± SD: 2046 ± 1123 ha), and reflects the broader-scale ef-
fects of environmental variables on bird communities and the impact 
of village-wide approaches to land management.  
 
Environmental variables 
Within each scale, we chose one variable for each of the following  
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features: woody vegetation cover, compositional heterogeneity, and 
topography (see Table 1 for details on the variables). Woody vegeta-
tion cover and compositional heterogeneity represent a measure of 
land use intensity. Local variables included the woody vegetation 
cover (range: 0-59%), remotely sensed compositional heterogeneity, 
and a topographic wetness index. Context variables included woody 
vegetation cover (range: 0-57%), Simpson’s diversity index of land 
cover as a measure of compositional heterogeneity, and terrain rug-
gedness. Village variables included forest cover (range: 9-74%) as a 
measure for woody vegetation cover, because forests dominate 
woody vegetation cover at this scale, Simpson’s diversity index of 
land cover as a measure of compositional heterogeneity, and terrain 
ruggedness. Variables for compositional heterogeneity differed be-
tween the local scale and the context and village scales, because 
Simpson’s diversity index of land cover could not be calculated at 
the local scale as it mainly contained a single land cover type. Simi-
larly, the topographic wetness index and terrain ruggedness were 
calculated at different scales, with wetness being meaningfully calcu-
lated at local scale only, and ruggedness at the two larger scales. 
 
Bird surveys  
Each site was surveyed three times during the breeding season, each 
time by one of four experienced observers, using 10 minute point 
counts based on visual and auditory observations (Bibby et al. 2000). 
Based on a pilot study, three surveys proved sufficient to representa-
tively capture the species within a site (Loos et al. 2014b). We fo-
cused on the breeding bird community, and we therefore only con-
sidered singing males in the analysis (i.e. one male breeding song 
was counted as one individual). We also excluded corvids, raptors, 
and aerial foragers, because these species did not use the sites as 
breeding habitat but only moved through the sites. Surveys were 
carried out in suitable weather conditions between 05:30 AM and 
11:00 AM, between mid-April and mid-July 2012.  
 
Statistical analysis 
Prior to modelling species richness we: 1) log-transformed local and 
context woody vegetation cover and local compositional heterogene-
ity to improve model fit; 2) confirmed that variables were not 
strongly correlated within and between spatial scales (-0.6 < r < 0.6); 
and 3) standardized all variables by centering and dividing by two 
standard deviations (Gelman 2008). Standardizing variables in this 
way allows a direct comparison of the effect sizes of the various pre-
dictor variables across the three spatial scales, including land use, 
which was entered as a binary variable (0 = grassland, 1 = arable 
land) in the multivariate GLMMs (see below). Centering also allows 
the coefficients of the main effects to retain their interpretability in 
the presence of interaction terms (Schielzeth 2010).  

We modelled overall species richness and richness of forest spe-
cialists, farmland birds (defined here as farmland birds that depend 
on woody vegetation cover such as shrubs and trees) and open-
country birds as response variables, using generalized linear mixed 
effects models (GLMM) with Poisson error distribution. All models 
were conducted using species richness observed within the one ha 
site as the response variable. Habitat specialization was assigned to 
all bird species by two Romanian experts, based on Birds of the 
Western Palearctic (Cramp 2000) and specific literature from Roma-
nia (Linţia 1954, 1955, Ciochia 1992).  

To compare species richness in the three main land-use types, 
we generated a univariate GLMM with the measures of species rich-
ness as the response variable and land use type as a single categori-
cal predictor variable with three levels: forest, grassland, arable land. 
Village was included as a random effect to account for spatial clus-
tering of sites within villages, and an additional observation level 
random effect was included to model variation unaccounted for by 
the Poisson distribution (Zuur et al. 2012).  

Next, because our primary interest was to assess the potential 
consequences of land-use intensification of farmland, we excluded 
forest sites from further analyses and examined the drivers of bird 
richness in farmland only. We used multivariate GLMMs to model 

each response variable separately at each scale (i.e. local, context, 
and village scales). At each scale, four fixed effects were included: 
land-use type (grassland or arable land), woody vegetation cover, 
compositional heterogeneity, and topographical variability (Table 1). 
All of these variables were continuous, except from land-use, which 
was binary. Because their effects may differ depending on land use 
type, we also included interaction terms between land-use type 
(grassland versus arable land) and both woody vegetation cover and 
compositional heterogeneity. All continuous predictor variables 
were standardised to zero mean and unit variance. 

An information theoretic approach (Burnham & Anderson 2002) 
was used to assess the level of support for models considering all 
combinations of the four fixed effects (land use, woody vegetation 
cover, compositional heterogeneity, and topography) and the two in-
teractions terms at each of the three spatial scales. Models were 
compared using Akaike’s Information Criterion corrected for small 
sample sizes (AICc). We calculated the Akaike weight (wi) for each 
model as a measure of the probability that the model was the best in 
the candidate set. The difference between the AICc value of the best 
model (lowest AICc value) and the AICc value of each candidate 
model (∆i) was calculated to compare support for models relative to 
the most parsimonious model. Models with ∆i < 2 were considered to 
have substantial support from the data. When no single model was 
identified as clearly best [wi < 0.9]), we used model averaging to de-
termine the direction and magnitude of the effect of each predictor 
variable. Variables were considered influential when the 95% confi-
dence interval of the averaged estimate did not include zero. We also 
calculated marginal and conditional R2 for the global model to assess 
the explained variance of the fixed factors and the random and fixed 
factors, respectively (Nakagawa & Schielzeth 2013). 

All analyses were implemented in the R-environment, using the 
packages ‘lme4’and ‘MuMIn’ for model selection and averaging (R 
Development Core Team 2013). 
 
 
Results 
 
We identified 61 breeding bird species in total, including 29 
forest specialists, 21 farmland birds, 10 open-country special-
ists, and 1 synanthropic species (Table A.3). Most forest spe-
cialists were observed in both forest and farmland sites, with 
only seven (24%) species observed exclusively in forest sites. 
Within farmland, ten (48%) farmland bird species and nine 
(90%) open-country specialists were observed in both grass-
land and arable sites. We observed several species (e.g. 
Corncrake, Crex crex, and Woodlark, Lullula arborea) that are 
of European conservation concern and/or are protected by 
the EU Birds Directive (Table A.3). These species occurred in 
all three land-use types, with some species occurring in more 
than one land-use type. For example, the EU-protected spe-
cies Red-backed shrike, Lanius collurio, was observed fre-
quently, and occurred in both grassland (n=22) and arable 
sites (n=13).  

Results from GLMMs indicated that overall species rich-
ness and the richness of forest specialists was higher in for-
ests than grasslands and arable land, whereas the opposite 
was true for farmland birds (Table 2; Fig 3). Higher numbers 
of open-country specialists were also found in farmland; 
however, the model did not converge because no open-
country specialists were found in forest sites.  

Considering only farmland sites, model selection indi-
cated a high degree of model uncertainty, with no model 
identified as clearly best (wi > 0.9; Table A.4). Therefore, 
model averaging was undertaken to estimate the strength 
and direction of model parameters. Model averaging and the 
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Figure 3. Regression coefficients (circles) and 95% confidence intervals (black lines) from generalized linear mixed effects models. The mod-

els were obtained through model averaging for total species richness and for species richness of groups with different habitat specialization 
in grassland and arable land. Regression coefficients and 95% confidence intervals are provided for three scales of analysis: site (black cir-
cles), context (yellow circles), and village (blue circles). See Table 1 for an explanation on the environmental variables. 

 
 

 
Figure 4. Fitted relationships between bird species richness and woody vegetation cover at each of three spatial scales. Black lines = local 

scale, yellow lines = context scale, blue lines = village scale. Dashed lines = grassland, solid lines = arable land. NB. For forest specialists, 
only responses in grassland are shown as the interaction term was not influential, and thus responses are the same for arable land and 
grassland. 

 
 

Table 2. Parameter estimates from GLMMs of the relationship be-
tween overall species richness and the richness of species groups 
and land-use type.  

 

Response variable Variablea Coef SE z value 
Total richness Intercept 2.325 0.088 26.373 
  Arable land -0.706 0.114 -6.184 
  Grassland -0.675 0.114 -5.939 
Farmland birds Intercept -0.975 0.304 -3.214 
  Arable land 1.684 0.320 5.269 
  Grassland 1.886 0.317 5.945 
Forest specialists Intercept 2.252 0.148 15.262 
  Arable land -1.861 0.192 -9.688 
  Grassland -1.793 0.190 -9.461 

 

a‘Forest’ was entered as the reference category. 
 
 

regression coefficients showed that woody vegetation cover 
had a positive effect on species richness and the richness of 

forest specialists (Fig. 3; Table A.4). For both groups, this 
positive effect was strongest (i.e. largest effect size and mar- 
ginal R2) at the local scale (Table 3); for overall species rich-
ness, the positive effect of woody vegetation cover was not 
observed at the context or village scale, respectively; 
whereas for forest specialist richness, the positive effect per-
sisted but diminished with increasing spatial scale (Fig. 3). 
Interactions between land use and woody vegetation cover 
were observed for both overall species richness and farm-
land bird richness (Fig. 4), indicating that the response of 
these variables to increasing woody cover differed between 
grasslands and arable land. For example, for farmland birds, 
woody vegetation cover at the local scale was most influen-
tial in arable lands, and comparatively less so in grasslands 
(Fig. 4). In contrast, woody vegetation cover had a negative 
effect on the richness of open-country specialists at the con-
text scale (Fig. 3). No measure of compositional heterogene- 
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Table 3. Marginal (to measure model fit for fixed factors) and condi-
tional (to measure model fit for fixed and random factors) R2 val-
ues for the global models for species richness and richness of spe-
cies with different habitat specialization, at three spatial scales.  

 

 Scale Marginal R2 Conditional R2 
Species richness Local 0.278 0.278 
 Context 0.089 0.089 
 Village 0.055 0.055 
Open-country richness Local 0.177 0.227 
 Context 0.274 0.274 
 Village 0.142 0.172 
Farmland bird richness Local 0.175 0.175 
 Context 0.101 0.101 
 Village 0.085 0.085 
Forest specialist richness Local 0.230 0.322 
 Context 0.216 0.216 
 Village 0.175 0.175 

 

Similar marginal and conditional R2 values indicate relatively little variance ex-
plained by the random effects. 

 
 

ity or topography affected overall species richness or any of 
the species groups at any of the three spatial scales (Fig. 3). 
 
 
Discussion 
 
Traditional farming landscapes are increasingly under threat 
of land-use intensification, not least because of the recent 
emphasis on sustainable intensification and the closing of 
yield gaps as means to increase global agricultural produc-
tion (Foley et al. 2011, Loos et al. 2014a). Our study showed 
that all three major land-use types contribute to regional bird 
diversity of Transylvania’s traditional farmland. Forests 
were found to harbour a large number of forest specialists, 
including protected species; local-scale woody vegetation 
cover was critically important for farmland birds in arable 
land; and grasslands with a low cover of woody vegetation 
at the context scale were favoured by open-country specialist 
species. These environment-specific and scale-specific re-
sponses of different groups of birds provide clear directions 
for conservation management in the study region. Below, we 
outline the policy directions that, if implemented, would 
most promote biodiversity conservation in this traditional 
farming landscape.  
 
Maintaining forest stands in the landscape 
Although relatively few species were fully restricted to for-
est, it was the most species-rich environment in the study 
region. This finding underlines the value of forest for re-
gional biodiversity conservation. Notably, current forest 
cover is close to covering one third of the study region – an 
amount that is potentially high enough to conserve a large 
proportion of birds but also other species, such as mammals 
(Andrén 1994). Previous work has also found the forests of 
Transylvania to be of particular value for forest specialist 
birds, including the threatened Black Woodpecker (Dryoco-
pus martius) and Medium Spotted Woodpecker (Dendrocopus 
medius) (Dorresteijn et al. 2013), which were also observed in 
this study (Table A.3). On the other hand, it is important to 
avoid forest encroachment in farmland due to land aban-
donment, as this may negatively impact farmland bird spe-
cies and open-country specialists while only benefitting few 

forest specialists (Laiolo et al. 2004, Sanderson et al. 2013, 
Zakkak et al. 2015). Despite the increasingly well recognised 
conservation value of Transylvanian forests and its impor-
tance in providing ecosystem services to the rural commu-
nity (Hartel et al. 2014), there are concerns that illegal log-
ging activities could severely diminish the amount and 
structural complexity of forest within the near future (Knorn 
et al. 2012, Griffiths et al. 2013). Improving forest governance 
thus is a critical conservation priority.  
 
Encouraging local-scale woody vegetation cover  
within arable land 
A second key finding was that, within arable land, local-
scale woody vegetation cover had positive effects on both 
forest specialists and farmland birds. A strong positive effect 
of woody vegetation cover on farmland birds has been ob-
served across Europe (Kati et al. 2004, Sanderson et al. 2009, 
Wuczynski et al. 2011, Batáry et al. 2012). Surprisingly, the 
effect of woody vegetation cover was stronger compared to 
the more general effects of (compositional) heterogeneity, 
indicating the importance of woody vegetation within farm-
land for farmland birds regardless of heterogeneity (see also 
Sanderson et al. 2009). Yet, the importance of heterogeneity 
for farmland bird diversity should not be understated 
(Benton et al. 2003), as it has often been found valuable for 
bird species richness as well as abundance (Kati et al. 2010, 
Wretenberg et al. 2010, Pickett & Siriwardena 2011). Because 
the positive effect of woody vegetation cover was strongest 
at the local scale, the benefits of these elements appear to be 
directly related to the scale of the typical home ranges of 
passerine birds  (<1 to 4 ha, for most observed birds; (Cramp 
2000)). At this scale, woody vegetation cover offers a range 
of benefits, including a greater diversity of nesting, shelter-
ing and feeding sites (Hinsley & Bellamy 2000). 
 
Maintaining extensive areas of open grassland 
Our third key finding was that open grassland areas – with 
low cover of woody vegetation – can be particularly impor-
tant for open-country specialists. Several open-country spe-
cialists are ground-nesters, and dense cover of woody vege-
tation could increase their exposure to nest predators 
(Morris & Gilroy 2008). Moreover, predator visibility as a re-
sult of open landscapes may be an important requirement 
for selecting nest sites (Van Der Vliet et al. 2008). Maintain-
ing extensive open grassland areas may be especially impor-
tant for rare or protected species such as the Skylark (Alauda 
Arvensis), which has also been observed to favour more ho-
mogenous landscapes elsewhere (Moreira et al. 2005, Batáry 
et al. 2007). Similarly, the Calandra Lark (Melanocorypha ca-
landra) occurs in Mediterranean farmland without the pres-
ence of trees and shrubs (Morgado et al. 2010). Furthermore, 
the effects of woody vegetation are scale-dependent as 
woody vegetation positively affected species richness at the 
local scale, but had a negative effect on open-country spe-
cialists at the (larger) context scale. This poses additional 
challenges for conservation because strategies may differ be-
tween land-use types. Moreover, management actions need 
to scale up beyond individual plots, fields, or pastures. 
 
From theory to practice 
The strong positive influence of woody vegetation cover at  
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the local scale suggests that conservation strategies should 
first of all focus on individual landowners. Retaining woody 
vegetation cover at small scales could potentially ameliorate 
some of the observed negative effects of agricultural intensi-
fication on bird richness (Donald et al. 2001, Kleijn et al. 
2009). The most obvious vehicle to support individual land 
owners is to support them through agri-environment 
schemes (AES) under the European Common Agricultural 
Policy (CAP; Pillar 2) (Skogstad & Verdun 2010). Farmers 
can take up AES voluntarily and they receive financial incen-
tives to improve habitat quality and promote certain species. 
However, AES are poorly adapted to the small-holding sizes 
of subsistence farmers, and in Romania available funds are 
not used to their full potential (Mikulcak et al. 2013, Sutcliffe 
et al. 2015). To get more out of AES, a key challenge there-
fore will be to adapt existing measures to the circumstances 
of traditional landscapes such as those in Transylvania 
(Sutcliffe et al. 2015).  

 In addition, we demonstrated that it will be important to 
maintain open areas at larger scales (i.e. context scale) for 
open-country specialists. Within Europe, evidence shows 
that both open farmland and farmland with abundant 
woody vegetation cover need to be maintained and restored 
to conserve bird diversity in its entirety (Batary et al. 2011, 
Fischer et al. 2011). Because Transylvanian farms are small 
(Tryjanowski et al. 2011), maintaining open grasslands at 
low-intensity use at the context scale will require collective 
conservation actions by multiple stakeholders. In the UK, 
farmers seem to be willing to participate in collaborative 
agri-environment schemes because, among other reasons, 
they perceive such schemes to provide better environmental 
benefits (McKenzie et al. 2013). Romania, however, has a 
long history of corruption and mistrust in local and national 
governments, leading to low levels of civic engagement and 
general scepticism towards cooperation (Hartel et al. 2014). 
Therefore, a key challenge for Romania, and possibly other 
traditional farming regions with a turbulent history, is to 
improve trust between policy makers and landowners, so 
that innovative, multi-stakeholder initiatives become feasi-
ble. 
 
Other key features of traditional farming not explicitly ex-
amined 
Notably, we examined responses of bird richness only to 
those landscape features linked to land-use intensification 
that we could readily quantify namely woody vegetation 
cover and heterogeneity. However, we acknowledge that 
many other characteristics of traditional farmland may also 
be relevant and are equally at threat from land-use intensifi-
cation. These characteristics include a high variety of crops 
and crop rotation within small fields (Guerrero et al. 2012), 
traditional livestock rotation (Söderström et al. 2001), occur-
rence of fallow land (Sanderson et al. 2013), and low pesti-
cide and fertilizer use (Kleijn et al. 2009, Geiger et al. 2010). 
Thus, although the conservation priorities identified in our 
study are well-grounded in empirical data, there may be ad-
ditional factors of land management associated with tradi-
tional farming that were beyond the scope of our work, but 
which could still be important for conservation. 
 

 

Conclusions 
Anticipated land-use intensification of traditional farming 
landscapes will negatively impact bird diversity through the 
loss of woody vegetation cover at small scales. However, 
there is no simple conservation recipe to mitigate the nega-
tive effects of land-use intensification that can be imple-
mented across all traditional farmland. Rather, farmland 
bird communities will benefit most from policies targeted to 
individual landowners to retain elements of woody vegeta-
tion cover in arable land, and from collaborative efforts to re-
tain open areas for open-country specialists. Because tradi-
tional farming has become largely unviable, new strategies 
need to be identified that benefit both farmland biodiversity 
and also the local people.  
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+ Supplementary material – available exclusive online (4 tables, 3 pages): 
 
Table A.1 The number of replicated combinations of villages according to stratification by landscape  

terrain ruggedness and protection status. 
Table A.2 The number of replicated combinations of sites according to stratification by local heterogeneity 

and woody vegetation cover in arable (A) and grassland (G) sites.  
Table A.3 List of recorded bird species, their associated SPEC category, their habitat specialization, and 

their occurrence in each of three land-use types. 
Table A.4 Model selection tables for total species richness and richness of country-side specialists,  

farmland birds, and forest specialists. 
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