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Abstract
1. Decline of farmlands and grasslands’ biodiversity is one the major conservation concerns
nowadays. The European roller is a secondary cavity nester species inhabiting typically
grasslands and farmlands. It has suffered large declines both in size and range of the
population since the 1960s, but applying direct conservation actions, this negative trend has
been reversed in several countries.
2. In this study, we aimed to evaluate the current habitat suitability of the historical breeding
area of the species in Hungary to promote the recolonization and the enlargement of the
breeding range in the Carpathian basin and evaluate potential significance of the Natura
2000 network in this process. We applied species distribution modelling (SDM) to map
potential areas for nest-box supplementation.
3. Grasslands, broad-lived forests, agriculture sites with significant areas of natural vegetation
were found as the most important predictors. The majority (71%) of the predicted area was
without current nest-box occupancy data. Significantly larger proportion of grid cells with
archive data still preserve suitable land cover composition for rollers than cells where the
former breeding wasn’t confirmed, and only small proportion of former breeding area has
become completely unsuitable for the species. Our results indicate large overlaps between
Nature 2000 network and the predicted area, 16.9% overlaps with Special Protection Area
(SPA) sites and 48.6% with Special Area of Conservation (SAC/SCI) sites.
4. Policy implications Our study highlights the importance to promote the recolonization of the
Europen roller in the Transdanubian part of Hungary and provides a useful tool for direct
conservation planning for the species. Our results also suggest that coordinated network of
protected areas such as Natura 2000 can potentially serve as core areas in the recolonization
processes.
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Introduction
Adaptation to environmental conditions may induce restrictions or expansion of a species’
distribution area. Contrary to long-term variance of species distribution throughout geological times,
human-induced climate change triggered much faster population declines and modification of the
breeding grounds (Huntley et al. 2008). Large-scale habitat elimination and/or degradation due to
the intensification of agriculture and forestry management already resulted in faster biodiversity
declines since the middle of the 20th century. Most of the typical farmland and grassland bird species
have decreased since that period (Pain & Pienkowski, 1997; Donald et al. 2001; Donald et al. 2006),
and many of them have suffered range contractions as well (Fuller et al. 1995). The process of
agricultural intensification was different in Central-Eastern European countries and Western part of
Europe (Guerrero et al. 2012). The intensive socialist agriculture characterized by large state farms
and increased chemical use also resulted in the decline of farmland birds, but after the socialist
regime collapsed, farmland biodiversity increased again during the political and economical
transition due to extensification and abandonment (Báldi & Batáry, 2011). After joining the EU’s
Common Agricultural Policy (CAP), the negative effects of agricultural intensification have been
detected in both Central and Eastern European countries (Nagy et al. 2009; Báldi & Batáry, 2011;
Szép et al. 2012). However, several species have been able to increase and recolonize former
distribution areas due to conservation management or decreased/forbidden persecution (in
Hungary, e.g. Imperial Eagle (Horváth et al. 2011), Saker Falcon (Bagyura et al. 2012). In an attempt
to mitigate the recent adverse anthropogenic effects, a large variety of conservation management
techniques including the establishment of artificial nesting sites, habitat restoration and
management or supplementary feeding sites have been developed to promote the survival as well as
the recolonization of threatened bird populations. As these actions are usually expensive, welldesigned and evidence-based programmes are essential to perform fruitful and cost-effective
conservation management.

The European roller (Coracias garrulus) is a medium size bird, populations of which has undergone
large population declines and range contractions since the 1960s in Europe and in the whole
breeding range as well. In the Carpathian basin, it used to be a widespread species, breeding
regularly in lowlands and upland regions up to foothill valleys and plain areas of the Carpathian
Mountains. Nowadays, Hungary harbours one of the largest populations in the Central European
region, but contrary to its historical distribution, the roller population is now restricted to lowlands,
plain areas in the eastern part of the country (Kiss & Tokody, 2017). As the European roller is a
secondary cavity-nesting species, the shortage of nest sites was successfully counterbalanced by
artificial nest-box provisioning in several countries (Avilés et. al., 1999; Kiss et al. 2014; Kiss et al.
2017). The nest-box program started in 1980s in Hungary and successfully assisted the recovery of
the population in the Hungarian Great Plain in the eastern part of the country (Kiss et al. 2014; Kiss
& Tokody, 2017).

Even though large conservation efforts were made also to save the small

populations in Slovakia and Austria, the Slovakian population have become extinct (Bohus, 2011) and
the Austrian is possibly extinct (Nebel et al. 2019). In contrast, the roller population in Vojvodina,
Serbia, adjacent to the Hungarian population, is increasing sharply (Ruzic et al. 2017).
Species distribution modelling (SDM) has become an important tool in nature conservation
(Rodríguez et al. 2007) which can be used to identify priority areas of conservation management of
birds (Bosso et al. 2018; Guisan et al. 2013; Marini et al. 2010; Tarjuelo et al. 2014; Na et al. 2018)
or mammals (Bassi et al. 2015), estimating population size (Krüger et al. 2017), locating potential
wintering range (McFarland et al. 2013; Rodriguez-Ruiz et al. 2018), and predicting the effects of
climatic variance on species distribution (Huntely et al. 2006; Monadjem et al. 2012; Morganti et al.
2017; Sandor & Đomsa, 2017).
In this study, we aim to use SDM based on current nest-box occupancy and land-cover data to assign
potential areas for European rollers’ conservation management in Hungary. Until the collapse of the
population in the 1970s, the species’ historical breeding area was more extended in the Carpathian

Basin than nowadays, and despite of the continuous increase of the Hungarian population, its former
distribution area has not yet been recolonised. Therefore, we aim to evaluate the current suitability
of historical breeding area for a nest-box program to promote the recolonization and enlargement of
the breeding range in Hungary. Natura 2000 is an ecological network in the European Union for
threatened species and habitats which aims to develop ecologically and economically sustainable
management, to maintain the condition of the natural habitats and species' populations. However,
its efficiency to achieve this goal is contradictory (Jantke et al. 2011; Zisenis 2017), whereas Special
Protected Areas for birds (SPAs) seem to have positive effect on birds’ populations (Gamero et al.
2017); therefore targeted conservation measures should at least partially rely on areas with longterm, nature-friendly management strategies such as Natura 2000 sites. In this paper, we also
examine the potential significance of the Natura 2000 network in roller conservation in Hungary by
calculating overlap between the predicted areas and Nature 2000 sites in the country.

Methods
The study species
The European roller is a medium size species breeding in the temperate zone, its breeding range
reaches from North-Africa, Europe, the steppe region of Asia, and the Middle-East to Mongolia and
China. Throughout their breeding range, rollers use various habitats for nesting such as deciduous
forest patches, treelines, pine forests or old buildings and sand walls. In the Carpathian basin, rollers
typically breed in tree cavities, where the main cavity excavator species are the Green woodpecker
(Picus viridis) and Black woodpecker (Dryocopus martius). Nesting in human buildings and sand walls
was rarely recorded. However, trees are required for breeding, the species avoids closed forests; it is
connected to the open habitats such as grasslands or extensive agricultural areas in heterogeneous
landscape where it typically feeds on large insects and occasionally on vertebrates.

The European roller is a migratory species wintering in the sub-equatorial Africa. They arrive in the
breeding grounds in late April and commence autumn migration in late August. They usually have
one brood; the breeding season is between May and July.
Breeding data
The nest-box occupancy data was collected in 2016 in the framework of LIFE13/NAT/HU/000081
Life+ Nature project. The study covered the entire current breeding range of the species in Hungary.
We collected only artificial nest-box occupancy data (n=1449), natural breeding sites were not
included into this analysis. The nest boxes were checked at least once during the breeding period
(from beginning of June to the middle of July). A nest-box was considered to be occupied when at
least one egg was laid. Both successful and unsuccessful breeding attempts were used as occupied
breeding sites. The historical breeding occurrences were derived from data published in Kiss and
Tokody (2017).
Environmental data
As environmental predictors, we used land cover data derived from CORINE Land Cover 2015 vector
map (1:100 000), Copernicus high resolution forest layers (Forest Type and Tree Cover Density raster
map (100 m resolution) https://land.copernicus.eu/). We also used vector layers of the Hungarian
Land Parcel Identification System (MePAR) such as scattered trees, treelines, environmentally
sensitive and non- environmentally sensitive permanent grasslands. Occurrence data of the main
cavity-maker species was derived from the Hungarian Bird Atlas program.
Species distribution model (SDM)
We employed the MaxEnt bioclimatic modelling software (Philips & Dudík, 2008) to estimate the
suitability of present environmental conditions for breeding Rollers (Elith et al. 2010). MaxEnt
applies a machine-learning algorithm using maximum entropy framework to predict the potential
range of species calculating presence-only data and environmental parameters, and considered as

the leading statistical approach to SDM (Philips et al. 2017). To assess the importance of predictors,
we used the jackknife test provided by MaxEnt, formulating models with each bioclimatic proxy
alternatively excluded. This procedure generates models including each proxy in isolation to calculate
variable importance (Shcheglovitova & Anderson 2013). To provide a different independent estimate
of the importance of environmental parameters, we calculated permutation importance, obtained
from the final MaxEnt model disregarding the path of model development. The contribution of each
parameter is calculated by randomly permuting predictor values among birds’ presences and
background training points and then estimating the resulting decrease in training area under the
curve (AUC); large increases in this measurement indicate that the model depends on the specific
variable (Phillips & Elith, 2010). The discrimination performance of all bioclimatic models was
assessed by AUC, in order to distinguish reliably between the presences and the background points.
AUC ranges between 0.0 and 1.0, where 1.0 is considered perfect prediction, while values lower than
0.5 indicate predictions that are not better than random (Fielding & Bell, 1997). During variable
selection, we considered the results of the jackknife test and biological information on the studied
species, as follows. First, we analysed the results of the jackknife test of the full set of environmental
variables (AUC = 0.883) which showed the importance of sensitive stable grasslands and the extent of
broad-leaved forests. As both members of this set of supported proxies are expected to have a
substantial impact on the distribution of the European Roller, we choose to apply all of these proxies
for generating MaxEnt models. MaxEnt model results generate logarithmically scaled calculations of
the presence probability estimated by the 10-percentile training presence threshold (Radosavljevic &
Anderson, 2014). By using this threshold, suitable habitats are identified which include 90% of the
data included in the model formulation.
All bioclimatic modelling was carried out in the statistical framework provided by the MaxEnt
programming environment, applying the “dismo” package of the R statistical programming
environment (R Development Core Team 2017). All other data management and analyses were
conducted applying the R environment, by employing its topic-specific “maptools” (Lewin-Koh et al.

2011), “spatstat” (Baddeley & Turner, 2005), “raster” (Hijmans & Van Etten, 2014), “rgdal” (Bivand et
al. 2014), and “rJava” packages (Urbanek, 2013).
Results
Evaluation of MaxEnt models and importance of bioclimatic predictors
MaxEnt modelling of the breeding distribution under current conditions was highly robust and
performed well (model AUC = 0.864), showing that the extent of sensitive, stable grasslands was the
most important predictor of Roller breeding, as represented by the highest value of variable support
(TG=0.864), calculated as training gain of models including each variable separately (Table 1). The
extent of broad-leaved forests proved to be only of secondary importance (TG=0.347). Land
principally occupied by agriculture, with significant areas of natural vegetation category was also
found as important predictor (TG=0.1233). Distribution of suitable areas for breeding Rollers under
current conditions is shown in Fig. 1.

Historical breeding range
The overlaps among current distribution, historical breeding range and predicted potential areas was
investigated at the level of 10x10 km UTM national grid. Our prediction showed 51% of Hungary
(51888 km2 in 913 grid cells) to be potentially suitable for roller conservation management (Fig.1). At
10x10 km spatial level altogether 87.5 % of grid cells contained predicted area which covered on
average 57.46 ±33.2 % of cell area (n= 913, range 0.09-100%). The majority of the predicted area
(71% (37023 km2) in 727 10x10 km cells) was in cells without current nest-box occupancy data.
Concerning the historical breeding distribution, 30% of the predicted area was in cells containing
archive data points without current nest-box occupancy data, however 12 % was in cells with archive
and current data as well (Fig. 2). Significantly larger proportion of cells with archive data still preserve
suitable land cover composition for rollers than cells where the former breeding wasn’t confirmed
(90.7 % versus 85.5 % respectively, p < 0.015, Fisher's exact test). Not more than 36 grid cells (3417

km2) were found where, contrary to the former presence of the study species, no potential area for
roller recolonization was predicted (Fig. 2.)

Natura 2000 sites and roller conservation
Our prediction showed that large proportion of the potential roller conservation area overlaps with
the Nature 2000 network in Hungary. 16.9% of the predicted area overlaps with Special Protection
Area (SPA) sites and 48.6% with Special Area of Conservation (SAC/SCI) sites. On average, 98.4%
(range 88-100) of currently occupied SPAs and 98.5% currently occupied SAC/SCI sites were
predicted to be suitable for rollers. Concerning Natura 2000 sites where roller breeding was not
detected in 2016 on the average 45.6 % (range 1-100) of SPAs and 73% (range 0-100) of SAC/SCI sites
areas is potentially suitable roller nest-box provisioning in the future.
Discussion
In this study we predicted potential areas for direct conservation actions targeting the
European roller. Researches using species distribution modelling for conservation purposes often
focus on habitat suitability of target species by the identification of key environmental variables of
nesting and foraging habitats (Brambilla & Saporetti 2014; Kosicki et al. 2015; Stachura-Skierczynska
et al. 2009; Stachura-Skierczynska & Kosinski 2013; Engler et al. 2017). However, less studies
address practical conservation tasks such as nest-box provisioning (Brambilla et al. 2013; Fehérvári
et al. 2012) or predict recovery areas (Cianfrani et al. 2010). Contrary to the Red-footed falcon,
another typical steppe species (Fehérvári et al. 2009), our study showed that unlike the current
restricted distribution of the European roller in Hungary, large areas are still/again available for the
recolonization of the former breeding range. Although, the Hungarian population of the species
started to recover during the last decades (Kiss et al. 2014), it hasn’t been able to recolonize most of
the potential regions all over the country, but the process seems to be started during the last few
years (Kiss & Tokody, 2017). Our analysis found the presence of sensitive, stable grasslands as most

important predictor but agricultural areas with significant amount of natural vegetation were
beneficial as well However, the area of grasslands in Hungary decreased largely during the last
century (Báldi & Batáry, 2011) they still have high conservation value. Natural and semi-natural
grasslands are considered the most important agricultural habitat for biodiversity in Hungary
(Ángyán et al. 2003) which are still preserving generally very high species richness (Batáry et al.
2013).
The Kiskunság region is located between the Danube and Tisza river, and maintains one of
the largest core population of the European roller in Hungary (Kiss & Tokody, 2017), even though this
region suffered intensive loss of semi-natural grasslands between 1987 and 1999 (Bíro et al. 2013).
The study species was found sensitive for the agricultural intensification (Avilés & Parejo, 2004) and
showed negative trend such as many farmland and grassland bird species (Donald et al. 2006). The
European roller use various open areas for foraging and compositional landscape heterogeneity may
favour its occurrence without conservation measures (Kiss et al.

2016). Scattered patches of

natural/semi-natural areas may have high conservation value for the study species because roller
pairs breeding even on small grassland patches in farmland mosaics are able to achieve the same
reproductive performance than pairs using extended natural habitats (Kiss et al. 2014). Low intensity
grasslands in agricultural landscape are essential foraging sites as they harbour more preys than
other land use category (Bouvier et al. 2014), similarly to follow lands (Catry et al. 2017), and they
are available during the late-breeding season as well (Sackl et al. 2004).
The European roller was a widespread species in Hungary until the 1980s and the large
reduction of size and range of the population following that was most probably attributed to the
overall land use changes affecting both the breeding and foraging habitats (Kovács et al. 2008).
Comparing with the historical breeding range, 30 % of the predicted area was in cells containing
archive data points without current nest-box occupancy data, suggesting that large proportion of the
former breeding area may be suitable for rollers. Moreover, significantly larger proportion of cells

with archive data still preserve suitable land cover composition for rollers. This result may lead to the
conclusion that suitable foraging habitats (mainly grasslands) have been at least partially preserved.
Fehérvári et al. (2012) also found that large-scale land use changes were presumably not responsible
for the population decline of the Red-footed falcon (Falco vespertinus) in Serbia. However, the
historical changes of agricultural practices might result in temporary or permanent shortage of
foraging habitats. The European roller used to breed in wood pastures typically located in the
Transdanubian and upland region in Hungary (Varga & Bölöni, 2009). The traditional use of this
habitat was a various gazing regime performed by smallholder farms which maintained various
pastures and large amount of other gazed habitats (Varga et al. 2015), potentially serving as foraging
habitats for rollers. Many unfavourable changes since then might cause temporary decrease in food
availability such as intensive use of synthetic fertilisers and chemicals during existence of
cooperatives and significant changes in livestock number and grazing activity (Varga et al. 2015)
which might contribute to the disappearance of rollers from these habitats (Kiss & Tokody, 2017).
However, the area of grazeable land, therefore the area of potential foraging habitats, have not
changed considerably in these habitats (Varga et al. 2015). The number of grazing cattle increased
significantly between 2007 and 2015 in Hungary and a structure of beef stock is dominated by
Hungarian breeds and other beef cattle e.g. water buffalo (Nagy & Tasi, 2017). This may contribute to
preserve good quality foraging sites for rollers as grasslands grazed by cattle could preserve a rich
Orthoptera fauna in Hungary (Batáry et al. 2007) and grazing was also found effective to maintain
arthropod biodiversity (Torma et al. 2019).
Our findings showed that provision of artificial nesting places allows large areas of the
country to be suitable for rollers, therefore it highlights the significance of other causal factors
behind the former decline of the roller population such decrease of suitable nesting places, migration
or increased pesticide use (Kovács et al.

2008). Scattered trees and other non-forest woody

vegetations have been acknowledged as keystone elements to maintain biodiversity in agricultural
landscape (Manning et al. 2006; Prevedello et al. 2018). However, the amount of these landscape

structures declined during the last century. In Germany, the strongest losses were experienced by
alleys and tree rows, whereas the greatest decreases occurred in the 1970s -1980s (Plieninger, 2012),
similarly to the rollers decline in Europe. Novotný et. al. (2017) also found decrease in woody
vegetation strips and tree alleys between 1953 and 2014 in Czech Republic as well.
As a secondary cavity nester species, the European roller is highly dependent on the
presence of primary excavators. We supposed that the occurrence of the large woodpecker species
may indicate good quality habitats for rollers as well. Similarly, to the study species, Green
woodpeckers also rely on the presence of cultivated lands (Rolstad ·et al. 2000), good quality
grasslands especially short grazed and mown grasslands (Adler and Marsden, 2010) and generally
requires mosaic landscape structure (Hehl-Lange, 2001). Moreover, grassland patches interspersed
within woodlands were found important for Black Woodpecker as well (Brambilla & Saporetti, 2014).
In our study, we didn’t find the occurrence of any large woodpecker species to be an important
predictor. We thus presume that the occupancy data of nest-boxes at this large spatial scale was not
suitable to detect such a relationship of between rollers the woodpecker species or/and the
grasslands, the most important predictors in our study, indicated the shared important habitats as
well. Note that although not remote sensing landscape data alone were used for the analysis, the
forest habitat data might not be detailed enough for predicting trees outside forests used by rollers
and the woodpeckers as well. Many studies proved the remote sensing data to be useful in
distribution modelling, but their limitations are also recognized (Thuiller et al. 2004; Kosicki et al.
2015; Engler et al. 2017)
Natura 2000 is considered the largest coordinated multinational network of protected areas
in the world. Being a key conservation tool for preserving European biodiversity, many studies
targeted to evaluate its effectiveness (Kleijn & Sutherland, 2003; Kleijn et al. 2006, Princé et al.
2012; Palacín & Alonso, 2016) and socio-economic context (Kati et al. 2014, Popescu et al. 2014).
Surprisingly, in comparison to their presence in the European directives, birds were

underrepresented in articles focusing on Natura 2000 network (Orlikowska et al. 2016). In Hungary,
the area of Nature 2000 site is large (1.95 million ha, 21% of the country area), and 39% of it were
national protected sites before the EU accession. The overlap between Special Protection Area (SPA)
sites and with Special Area of Conservation (SAC/SCI) is 43%. Although, SPAs primarily aim to
safeguard the European bird species considered to be of particular importance, our results showed
only that 16.9% of the predicted area overlaps with SPA sites, which amounts to 48.6 % considering
SAC/SCI sites. This result could be explained by the criteria of the latter category. Special Areas of
Conservation are established under the European Union Habitats Directive (92/43/EEC), which
secures steppic grasslands of the Pannonian biogeographical region. The European roller is able to
occupy landscapes consisting of small mosaic patches (Kiss et al. 2016), therefore the breeding
population of the species is not exceptionally concentrated on large grassland areas like the SPAs on
the Hungarian Plains, but it may use smaller grassland areas which are not harbouring significant
populations of bird species listed in Annex I of Bird Directive. Other studies also found the
effectiveness of Natura 2000 network in bird conservation controversial. Natura 2000 networks cover
major large proportion of threatened species’ distribution area, but low coverage was found in 42%
of the threatened bird species (Trochet & Schmeller, 2013).

SPAs provided more favourable

conditions for the flagship species, but the reverse was found for farmland and steppe species
(including the European roller) (Santana et al. 2013). Similarly, positive effects of SPAs on their target
species was found in Poland, but agri-environment schemes (AES) were not able to reach this goal
(Żmihorski et al. 2015).

Conclusions
In this study we confirm the possibility of further conservation measures for the European Roller in
its former breeding distribution area. Our results highlight the importance of conservation of natural
or semi-natural grasslands. Furthermore, we suggest that more attention should be paid to scattered

old trees, forest formations and hedges, because of the lack of these elements from the landscape
may be behind the lack of recolonization of species. This study also showed that Natura 2000
network may have high conservation value for the European roller, if both SPA and SAC sites are
included.
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Figure legends
Fig 1. The locations of occupied nest-boxes used for the modelling procedure and the predicted area
for roller conservation

Fig 2. The overlaps between historical distribution range, current breeding locations and predicted
areas

Fig 3. Natura 2000 sites in Hungary and predicted area

Table 1. Statistical properties of MaxEnt model performance fitted on the occurrence points
Predictor
Permanent sensitive grasslands
Broad-leaved-forest (CLC-311)
Land principally occupied by agriculture,
with significant areas of natural
vegetation
Non irrigated arable (CLC 211)
Tree Cover Density 2015
Inland marshes (CLC 411)
Black woodpecker
Forest Type 2015
Non sensitive permanent grasslands
(2018)
Transitional woodland-scrub (CLC-324)
Mixed forest (CLC-312)
Fruit tree plantation (CLC-222)
Complex cultivation patterns (CLC 242)
Coniferous forest (CLC 312)
Green woodpecker
Vineyards
Water bodies
Tree lines (2018)
Scattered trees (2018)
AUC

Training gain
0.4208
0.357
0.1233
0.0922
0.0887
0.0778
0.0708
0.0641
0.056
0.0548
0.0506
0.0313
0.0291
0.024
0.0124
0.011
0.0072
0.0048
0.0022
0.8825
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