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A B S T R A C T

Traditional agricultural landscapes represent mosaics of land use covers that often support high species
diversity. Many Eastern European countries contain large areas of High Nature Value (HNV) farmland.
However, these landscapes are likely to change under current EU regulations and global market pressure,
with potentially negative consequences for biodiversity. The conservation value of Romania’s grasslands
is widely recognized, but the potential conservation value of other parts of the landscape mosaic has not
been assessed to date. For this reason, we sought to assess patterns of plant diversity across the entire
landscape mosaic. We sampled vascular plants at 139 sites (comprising 8 plots of 1 m2/ha) in forest
(n = 23), grassland (n = 57) and within the arable mosaic (n = 59). To examine potential differences in
species richness and composition between these land cover types, we used analysis of variance and
detrended correspondence analysis. We also modeled total species richness, richness of HNV indicator
plants and richness of arable weeds in response to variables representing topography as well as structural
and configurational heterogeneity. Species composition differed strongly between grassland, the arable
mosaic and forests. Richness was highest in grasslands, but surprisingly, the arable mosaic and grassland
contributed similarly to the cumulative number of recorded species. Models of species richness revealed
a wide range of responses of plant groups to topographical conditions and to structural and
configurational heterogeneity, which often differed between land use types. Plants were affected by
conditions measured at both local (1 ha) and landscape (50 ha) scales. Noting the substantial, and
hitherto under-recognised, contribution of the agricultural mosaic to regional-scale plant diversity, we
recommend consideration of the entire landscape mosaic in future conservation schemes.

ã 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Many agricultural landscapes around the world are character-
ized by a mosaic of land covers (Forman, 1995). With their various
patches of land-use types and structures, mosaic landscapes often
host a wide range of species (Bennett et al., 2006). However,
unprecedented changes in agricultural mosaic landscapes are
causing major biodiversity loss worldwide (Tscharntke et al.,
2005). Moreover, patterns of species richness and distribution in
agricultural landscapes are affected by processes operating at
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multiple spatial scales, including both local and landscape-level
variables (Vandvik and Birks, 2002; Rundlöf et al., 2010; Costanza
et al., 2011). Hence, effective management of biodiversity in
agricultural landscapes requires an assessment of the drivers of
species diversity across multiple spatial scales.

In many Eastern European countries, such as Romania,
traditional practices have created small-scale mosaic landscapes.
For example, 72% of farms in Romania are smaller than 1 ha
(Fundatia Adept, 2012), and individual fields are typically smaller
than that. However, Romania’s farmland has been undergoing
drastic changes since the collapse of communism in 1990
(Kuemmerle et al., 2008) and accession to the European Union
(EU) in 2007. Ongoing land use changes comprise both intensifi-
cation of land use in some areas, and land abandonment in others
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(Government of Romania, 2010; Dahlström et al., 2013; Mikulcak
et al., 2013). At present, 20% of Romanian farmland is considered to
be High Nature Value (HNV) farmland, and 10% is protected under
the EU Birds and Habitats Directives (Natura 2000) (European
Environment Agency, 2010). Despite official recognition of the
ecological values of large areas of farmland, the future of Romania’s
agricultural landscapes and their biodiversity is uncertain.

Some of Romania’s most notable mosaic landscapes occur in the
region of Southern Transylvania. A large part of Transylvania was
recently designated one of the largest continuous (lowland) Natura
2000 sites in Europe (i.e., Târnavelor Plateau), partly in recognition
of its outstanding grassland diversity (Jones et al., 2010; Akeroyd
and Page, 2011). The region’s biodiversity includes various taxa
that are rare or endangered in other parts of Europe, such as the
yellow-bellied toad (Bombina variegata) (Hartel and von Wehrden,
2013), Maculinea butterflies (Vod�a et al., 2010) and several rare
species of woodpeckers (Dorresteijn et al., 2013). Moreover,
Transylvanian dry grasslands hold the world record for vascular
plant species richness at the scales of 0.1 m2 and 10 m2 (Wilson
et al., 2012). However, land use change is likely in Transylvania, and
would pose major threats to its biodiversity. Modifications of land
use will most likely consist of increasing cropland area, increasing
the use of agrochemicals, structural homogenization, and conver-
sion of traditional hay meadows to pastures, thus mirroring the
patterns already apparent in Western Europe (McLaughlin and
Mineau, 1995; Benton et al., 2003; Billeter et al., 2008; Ernoult and
Alard, 2011).

In this study, we focus on vascular plants and their distribution
throughout the entire landscape mosaic in Southern Transylvania.
Plants respond relatively slowly to environmental changes (Helm
et al., 2006), but in agricultural landscapes, specialized species are
highly prone to rapid decline (Davies et al., 2004; Clavel et al., 2010).
Plant communities in agricultural landscapes are at risk of
homogenization in composition because of nutrient inputs, which
many species, and especially grassland specialists, are sensitive to.
For Transylvania, a specific set of sensitive grassland specialists has
been proposed to indicate High Nature Value (HNV) grassland
(Akeroyd and B�ad�ar�au, 2012). Furthermore, arable weeds are of
particular interest. Many such weeds have persisted in Transylvania
to date, but are under worldwide decline, and may react quickly to
changes in the environment, both at local and landscape scales
(Gabriel et al., 2005; Armengot et al., 2012; Storkey et al., 2012).

We soughtto understand theresponsesofvascular plant diversity
to key landscape features. To that end, we used a snapshot natural
experiment (Diamond,1986; Lindenmayer et al., 2008) that spanned
a wide range of environmental conditions with respect to heteroge-
neity and woody vegetation cover across local and landscape scales.
We sampled vegetation and environmental conditions throughout
the landscape mosaic and asked: (i) how current land use was
associated with vascular plant diversity and species composition;
and (ii) how landscape structure was related to total richness,
richness of HNV indicator plants and richness of arable weeds.

2. Methods

2.1. Study area

Our study area covered approximately 7000 km2 in the lowlands
of Southern Transylvania, Romania. The area consists of undulating
terrain with altitudes from 300 to 700 m above sea level, and its
climate is subcontinental-temperate. The area comprises a mosaic of
land use types, including arable fields (40% according to CORINE land
cover), secondary grasslands and ancient dry steppe-like grasslands
(30%) and deciduous forests (30%) (Dengler et al., 2012). The natural
vegetation consists of oak-hornbeam forests (Quercus petraea–
Carpinus betulus; Bohn et al., 2004).
2.2. Site selection

We followed the notion of a natural experiment (Diamond,
1986), with randomized site selection in pre-defined strata at two
levels: (i) village catchments and (ii) survey sites within village
catchments. We delineated the study area into village catchments
using a cost-distance algorithm that allocated each pixel to the
village with the lowest travel cost to this pixel (slope-penalized
distance, implemented in ArcGIS 10.1). We randomly selected a
subset of 30 village catchments within three different strata cross-
combined by a gradient of terrain ruggedness (low, medium, high;
defined by quantiles) and protection status according to EU Birds
and Habitats Directives (Site of Community Importance (SCI),
Special Protection Area (SPA) and unprotected; Table S1). Within
each village catchment, we assigned land to three different land
use types using the CORINE land cover map, namely forest,
grassland or arable land. By “arable land”, we refer to the mosaic of
arable land in its entirety, including semi-natural vegetation
occurring within the mosaic, such as field margins, road verges,
hedges and old fields. Throughout grassland and arable land
(collectively termed “farmland”), we identified gradients of
heterogeneity and woody vegetation cover. We quantified
heterogeneity as the standard deviation of panchromatic SPOT
5 data (ã CNES 2007, Distribution Spot Image SA) within a 1 ha
moving window. We calculated the percentage of woody vegeta-
tion within a 1 ha moving window by supervised classifications of
the panchromatic channels of SPOT 5, using a support vector
machine algorithm (Knorn et al., 2009). We used the upper, middle
and lower thirds of these gradients to randomly select cross-
replicated circular 1 ha survey sites – 59 within arable land and
57 within grassland (Table S2). An additional 23 sites (also
measuring 1 ha) were randomly selected in forest without further
stratification.

2.3. Vegetation surveys

We conducted vegetation surveys between 26 May and 26
August, 2012. We sampled eight plots measuring 1 m � 1 m within
each site, placed at a random distance from the center, and
distributed every 45�. We alternated between random distances
>40 m and <40 m from the center to cover the inner and the outer
0.5 ha of the site equally. In each plot, we identified vascular plants
to species level and recorded their percent cover.

2.4. Environmental parameters

We considered variables that were potentially related to plant
species richness within circles of 1 ha (henceforth: local level) and
circles of 50 ha (henceforth: landscape level) around a given site. At
the local level, we considered heterogeneity, altitude, woody
vegetation cover, a heat index (after Parker (1991): cos (slope
aspect � 225) � tan (slope angle)), a terrain wetness index (after
Fischer et al., 2010), and land cover type. At the landscape level, we
considered terrain ruggedness, woody vegetation cover, edge
density to account for configurational heterogeneity (Fahrig et al.,
2011), and a Simpson index of heterogeneity to account for
compositional heterogeneity. Variables were calculated using
ArcGIS 10.1 and FragStats 4.1, and are described in more detail
in Table 1.

2.5. Statistical analyses

The analyses consisted of three steps. First, we compared
the means of alpha and beta richness (sensu Tuomisto, 2010)
between the different types of land use and different levels of
protection status. Second, we investigated patterns in community



Table 1
Definition and method description of the explanatory variables used to model plant species richness.

Scale Variable Definition and method

Local (1 ha) Heterogeneity Heterogeneity measured as the standard deviation of 2.5 m panchromatic SPOT 5 dataa

Altitude Altitude above sea level derived from ASTER DEMb

Woody vegetation cover
(woody 1 ha)

Proportion of woody vegetation cover based on supervised classification 10 m SPOT 5 dataa

Heat index Potential for ground heating calculated after Parker (1991): heat index = cos (slope aspect � 225) � tan (slope angle)
Terrain wetness index Measure of potential soil wetness, estimated as the topographic position in the landscape and the slopeb (after Fischer et al.,

2010)
Land cover Land use classification as arable land, grassland or forest based on CLCc

Landscape
(50 ha)

Ruggedness Terrain ruggedness, calculated as standard deviation of altitudeb

Woody vegetation cover
(woody 50 ha)

Proportion of woody vegetation cover based on classified 10 m SPOT 5 dataa

Edge density Configurational heterogeneity of different land covers, based on CLCc,d

Random
effects

Village catchment Classification of the landscape into social–ecological units according to a cost distance algorithm of proximity to the nearest
village as reference point and the slope of the terrain as cost factor

Level Observation level random effect

a ã CNES (2007), ISIS programme, Distribution Spot Image SA.
b Based on the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model with 30 m resolution Version 2 (GDEM V2).
c CLC: corine land cover digital map 2006.
d FRAGSTATS 4.2 (McGarigal et al., 2012).
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composition. Third, we modeled richness of all plant species,
richness of HNV indicator plants, and richness of arable weeds as a
function of environmental predictors. To visualize the resulting
diversity patterns at a regional scale, we predicted species richness
across the entire study area.

2.5.1. Patterns of alpha and beta richness
For all analyses, we pooled individual plots (n = 8) within a given

site (1 ha) to obtain a relative estimate of plant species richness at
the local level. First, we compared species richness between the
different land use types (arable, grassland, forest) and different
levels of protection status (SCI, SPA and unprotected) using analysis
of variance (ANOVA). Second, we illustrated additive beta richness
(Lande, 1996) using species accumulation curves, and calculated
species turnover by additive partitioning of species richness
(Veech et al., 2002; Tuomisto, 2010). We tested differences in beta
richness between land use types using ANOVA and a post-hoc
Tukey test of honest significant difference (HSD).

2.5.2. Species composition analysis
We conducted detrended correspondence analysis (DCA) to

describe species composition at the local level and to assess its
relation to possible underlying environmental gradients. We first
performed DCA including all survey sites. To more clearly capture
patterns in species composition within farmland, we performed a
second DCA excluding forest sites. For both DCAs, we used a
permutation test with 1000 permutations to correlate environ-
mental variables with the ordination.

2.5.3. Species richness models
We used generalized linear mixed effects models (GLMMs) to

assess the effects of environmental variables on richness of (i) all
plant species, (ii) HNV indicator plants, and (iii) arable weeds. In all
cases, we specified village catchment and site (to account for
overdispersion) as random effects. Only farmland sites (i.e., arable
land and grassland) were used in this analysis, because forests
differed fundamentally in structure and composition. Prior to the
modelling procedure, we tested the predictor variables for
collinearity. Based on this, we excluded the Simpson index of
heterogeneity, because it was highly correlated with edge density.
Furthermore, we log-transformed local heterogeneity, local and
landscape woody vegetation cover and landscape edge density to
(near-) normal distribution and standardized all continuous
variables to zero mean and unit variance. We calibrated the models
using a randomly selected subset of 75% of the data. We included
interactions of land use with all environmentalvariables, becausewe
considered responses may differ substantially between arable land
and grassland. We derived the final minimum adequate models
using stepwise backward model selection (P � 0.1). To validate the
final models, we predicted species richness on the remaining 25% of
the dataset and compared the predicted species richness with
observed species richness using Pearson correlations.

Finally, to obtain a regional-scale overview of species richness
patterns, we predicted total plant species richness throughout the
farmland of the study area, based on the fixed effect estimates of
the final model. For this purpose, we used a raster of data points
with a grid size of 1 ha that lay within the calibration range of the
environmental variables as measured in our field samples (�5%).
We plotted the results in a cumulative richness density curve to
visualize what proportion of the study area’s farmland supported
species richness values above or below particular thresholds. All
analyses were performed in R, using the packages vegan, lme4 and
bbmle (R Core Team, 2013).

3. Results

3.1. Diversity patterns

In total, we identified 603 vascular plant species in 139 sites, of
which 25% occurred exclusively in pastures, 20% exclusively in
arable land and 7% exclusively in forests (Fig.1a). Of all species, 30%
occurred in more than one land use type. We found a maximum of
50 species per 1 m � 1 m plot (mean � standard deviation: 14 � 9)
and a maximum of 84 species per 1 ha site (42 � 21). Species
richness differed significantly between the three land use types
(ANOVA: F2,136 = 81.47, P < 0.001), but not between Natura 2000
and unprotected sites (ANOVA: F2,136 = 0.07, P = 0.93). A comparison
of beta richness revealed significant differences between land use
types (ANOVA: F2,136 = 81.47, P < 0.001). Species accumulation
curves illustrated that grasslands had the highest beta richness,
closely followed by arable land (Fig. 1b).

3.2. Species composition

DCA ordination with all land use types showed a clear
separation of the three land use types (Fig. 2a). It revealed woody



Fig. 1. (a) Number of plant species that occurred exclusively in or were shared by the different landuse types, arable land (=A), grassland (=G), and forest (=F). (b) Species
accumulation curves in the three different landuse types.
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vegetation at the local and the landscape scale as the strongest
underlying environmental gradients and both correlated with the
first axis (length of axis 1 = 4.92, Fig. 2a), which indicated more
than one full species turnover. The second axis (length = 3.48)
described gradients in topography and heterogeneity, represented
by the terrain wetness index and heterogeneity at the local scale,
and ruggedness and edge density at the landscape scale. The DCA
ordination restricted to farmland sites showed a separation of
grassland and arable sites, with only a small overlap of sites
(Fig. 2b). None of the measured environmental variables were
significantly correlated with the first axis (length = 3.51), which
corresponded to approximately one full species turnover. The
second axis of the DCA (length = 2.24) correlated with landscape
Fig. 2. (a) Detrended correspondence analysis including all survey sites; (b) DCA w
superimposed correlated environmental superimposed (p < 0.05) (abbreviations: TW
landscape edge density; rugg_50 ha = landscape terrain ruggedness; woody_50 ha = l
SIDI_50 ha = landscape compositional heterogeneity; pd_50 ha = landscape configuration
variables, including both topography and configurational and
compositional heterogeneity.

3.3. Species richness models

Independently of the land use type, local woody vegetation
cover was positively related to total species richness (Fig. 3a). Total
plant species richness was higher in grassland than in arable land
(Table 2). Terrain ruggedness at the landscape scale affected
species richness positively in arable land, but negatively in
grasslands. The terrain wetness index had a negative effect on
species richness in arable land, but a slightly positive effect in
grasslands (Table 2).
ith agricultural sites only. Significantly correlated environmental variables are
I_1 ha = local terrain wetness index; het_1 ha = local heterogeneity, ed_50_ha =

andscape woody vegetation cover; woody_1 ha = local woody vegetation cover;
al heterogeneity).



Fig. 3. Results of generalized linear mixed effect models for relative richness of total species, HNV indicator species, and arable weeds. Relationships are based on the final
models summarized in Table 2.
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Unsurprisingly, richness of HNV indicator plants was higher in
grasslands than in arable land. Especially in arable land, richness of
this group was positively related to edge density (Fig. 3c). Terrain
ruggedness had a positive effect on HNV plant richness in arable
land and a weaker positive effect in grassland. The terrain wetness
index was negatively related to the richness of HNV plants in arable
land, but positively in grassland. We found a unimodal relationship
with local woody vegetation cover, which was negative in arable
land and positive in grassland (Fig. 3b). Richness of arable weeds
was higher in arable land, where it decreased with increasing local
woody vegetation cover (Fig. 3d).

Predicting total species richness across the studyarea highlighted
that the results from the trainingmodel correlatedwell with ourfield
observation (total species richness: Pearson’s r = 0.75; grassland
specialists: r = 0.76; HNV plants: r = 0.69; arable weeds: r = 0.76).
Predictions for total plant species richness throughout the farmland
mosaicofour studyarearesultedinpredictedvaluesbetween12 and
77 species per hectare (Fig. 4). The distribution of predicted values
illustrated the widespread occurrence of high species richness
throughout the farmland mosaic, with approximately half of this
mosaic supporting at least 50 species per hectare (Fig. 5).
4. Discussion

Besides notable exceptions (Wagner et al., 2000; Waldhardt
et al., 2004; Simmering et al., 2006), this work is one of few studies
on plant diversity patterns in Europe applying a sampling approach
that covers a large extent of an agricultural landscape, and at the
same time investigates environmental variables at different spatial
scales. Our results illustrate the considerable contribution of arable
land to total vascular plant diversity in a low-intensity traditional
agricultural landscape. Our case study may well reflect a situation
that is typical for other Eastern European countries whose
agricultural landscapes are still structurally complex and rich in
biodiversity (Young et al., 2007). Based on our findings, we argue
that maintaining the extraordinary plant diversity of low-intensity
farming landscapes calls for a conservation vision and for
management plans that consider the entire farmland mosaic.

To date, biodiversity conservation in Europe has often targeted
specific sites or local “hotspots” of biodiversity, instead of
considering species pools across entire landscapes (Tscharntke
et al., 2012). In Romania, such hotspots are represented by
extensively and traditionally managed grasslands (Jones et al.,



Fig. 5. Density curves of predicted plant species richness in the farmland mosaic of
the study area, separated for arable land (black dashed line) and grassland (grey
dashed line). The two lines illustrate different distributions of species richness,
which explains the two humps in the cumulative density curve (solid line). For
example, point A indicates that 50% of the landscape contains 50 or fewer plant
species per hectare.

Table 2
Results of generalized linear mixed models for total plants species richness,
richness of grassland specialists, High Nature Value (HNV) indicator plants and
arable weeds. Parameter estimates are shown, with significance levels indicated by:
yP < 0.1; *P < 0.005; **P < 0.01; ***P < 0.001; response.

Explanatory variable

Response variable Total plant
richness

HNV
plants

Arable weeds

Intercept 3.648 0.178 0.277
Grasslands 0.453*** 0.822* �2.292***
Arable: altitude
Arable: edge density 0.969***
Arable: heat index
Arable: heterogeneity
Arable: ruggedness 0.215** 0.933**
Arable: terrain wetness index �0.136** �0.347y
Arable: woody1 ha �0.249*
Arable: (woody 1 ha)2 �0.722*
Arable: woody 50 ha
Grassland: altitude
Grassland: edge density �0.918**
Grassland: heat index
Grassland: heterogeneity
Grassland: ruggedness �0.234** �0.879*
Grassland: terrain wetness
index

0.163y 0.45y

Grassland: woody 1 ha �0.106
Grassland: (woody 1 ha)2 0.931**
Grassland: woody 50 ha
Altitude
Edge density
Heat index
Ruggedness
Woody 1 ha 0.077y �0.146
Woody 50 ha
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2010; Akeroyd and Page, 2011; Dahlström et al., 2013). Some of
these are among the world’s most species-rich biotopes (Wilson
et al., 2012), and often support a range of species that are rare or
endangered especially in Western European countries (Cremene
Fig. 4. Map of predicted plant species richness for 1 ha pixels in agricultural land in
the study area, based on the final generalized linear mixed model summarized in
Table 2. Areas that are displayed in white were excluded from predictions, because
they were either outside of the calibration range of our dataset or represented land
cover types other than farmland.
et al., 2005; Peter et al., 2009). Hence, it is not surprising that in our
case study, we found 69% of all observed plant species in
grasslands. However, we also found 63% of all species were
present within the arable mosaic of our study area. Although site-
level species richness was significantly lower in arable land than in
grassland, arable land also supported a considerable amount of
species. Furthermore, plant communities in arable land differed
strongly from those in grasslands and forests. In combination,
these findings suggest that grassland, small-scale arable land and
forests all make important contributions to the landscape species
pool. Hence, conservation management in farmland would be most
effective if it considers both arable land and grassland as integral
parts of the landscape (Matson and Vitousek, 2006; Perfecto and
Vandermeer, 2010).

Our study unraveled several key drivers of species richness,
which occasionally differed between grassland and in arable land.
In both land use types, total species richness responded positively
to woody vegetation at the local scale. Woody vegetation may
provide relatively undisturbed refuge areas, which provide niches
for several species (Ernoult and Alard, 2011). Woody vegetation
therefore is an important part of structural heterogeneity, which is
often lost as a result of land use intensification.

In grasslands, species richness was higher in locations with
low ruggedness, higher terrain wetness and higher woody
vegetation cover. This might indicate the importance of continu-
ous areas of grasslands on species richness. Reasons why we may
find lower species richness on rugged terrain might be that (i)
rugged land is vulnerable to erosion if the grazing pressure is
high; and (ii) rugged land is prone to land abandonment, because
it is less accessible and less valuable for agriculture than flat areas.
Typically, abandonment induces re-growth of woody vegetation.
While the positive effect of a certain amount of shrub encroach-
ment on species richness is known (and is consistent with our
findings; see above), later successional stages that are dominated
by woody vegetation do not support high grassland species
diversity (Baur et al., 2006; Ruprecht et al., 2010). Consistently
with this, our findings indicate the importance of land cover
heterogeneity on species richness of HNV indicator plants. For
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woody vegetation and edge density, we found contrasting effects
for HNV indicator plants between arable land and grassland.
Specifically, greater heterogeneity appeared to be more beneficial
in arable land than in grassland. This indicates the importance of
maintaining structural elements within the arable mosaic while
simultaneously keeping grasslands free from woody encroach-
ment and fragmentation in order to maintain the richness of
specialized and sensitive species (Zulka et al., 2014).

We presume that high plant diversity at the landscape scale in
our study area results from agricultural practices that are still
dominated by semi-subsistence farming and labor-intensive,
traditional techniques, with low levels of agrochemical inputs
(van Elsen, 2000; Oppermann et al., 2012). In Southern
Transylvania, arable land in particular contains many semi-
natural elements, including woody vegetation, which create high
heterogeneity and provide different niches for a variety of species.
However, these traditional systems are being lost rapidly, and EU
legislation is likely to inadvertently foster the abandonment of
traditional systems and intensification of land use (Kleijn and
Baldi, 2005; Strijker, 2005; Fischer et al., 2012). It is well known
from Western Europe that modernization in the agricultural
sector, including farm consolidation and agrochemical applica-
tion, has caused a drastic decline of plant species richness in
arable land, with flow-on effects of other taxa and areas (Feest
et al., 2014). Application of nitrogen, for example, has been known
for decades to affect plant communities, and its negative impacts
on species richness are sometimes irreversible (Strengbom et al.,
2001; Stevens et al., 2004). Given existing trends towards rural
exodus, it is likely that traditionally used grasslands in Southern
Transylvania will also decrease in extent (Government of
Romania, 2010). In the long term, both abandonment and
intensification imply structural simplification of the landscape,
and typically cause declines in species richness in many different
taxa (Weibull et al., 2000; Benton et al., 2003; Diacon-Bolli et al.,
2012; Sanderson et al., 2013).

Preventing biodiversity loss is at the core of Romania’s
national rural development plan (Government of Romania,
2010). It is not only an important goal in its own right, but also
necessary to secure the delivery of important ecosystem services
and maintain landscape multi-functionality (Tscharntke et al.,
2012). Moreover, protection of biodiversity in farmland is
economically far more effective than expensive restoration
management in hindsight, which is being applied in many more
intensively used farmland areas in Western Europe (Kleijn et al.,
2011). To counteract loss of species diversity in agricultural
landscapes, the common agriculture policy includes a series of
agri-environment schemes, which provide opportunities to
promote HNV farming practices, especially in semi-natural
grasslands (Page et al., 2010). Existing agri-environment schemes,
however, are largely derived from experiences in Western Europe,
and their effectiveness in new EU member states is questionable
(Gorton et al., 2009; Dahlström et al., 2013).

At the moment, 20% of Romania’s farmland is of High Nature
Value (European Environment Agency, 2010), and 10% is protected
under Natura 2000 regulations. In our study area, a management
plan for the Natura 2000 area “Tarnava Mare” is currently being
developed, but to date, it remains unclear how much effective
support there will be for small-scale farmers and other decision
makers to use land in a way that promotes biodiversity. Our results
indicate that management strategies are needed that account for a
range of different and contrasting effects of environmental
conditions on species richness and particular species groups.
The diversity of plants across the landscape thus appears to result
from there being a wide range of different conditions available that
suit different plant species – suggesting that the mosaic character
of the region as a whole is important.
5. Conclusions

Despite many initiatives to conserve biodiversity in agricultural
landscapes, it is highly likely that existing policy settings, coupled
with rural exodus, will cause land use changes in many parts of
Eastern Europe. The negative effects of land use intensification, in
particular, are known to be especially pronounced in species-rich,
extensively managed agricultural landscapes (Kleijn et al., 2009),
such as in Southern Transylvania. Our study showed that plants
responded in a range of different ways to variables representing
structural heterogeneity, as represented by woody vegetation
cover at the local and the landscape scale, and to land use
heterogeneity at the landscape scale. To effectively safeguard the
extraordinary biodiversity of this and other biodiverse farming
landscapes of Eastern Europe, we suggest it would be useful to
broaden the focus of conservation strategies to encompass entire
agricultural mosaics. Such strategies should be developed both
within and outside protected areas, and need to consider different
management measures for grassland and arable land.
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