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A B S T R A C T   

There are serious concerns about the ecological degradation caused by modern agriculture and its 
impact on top-chains predators. But, scientists still disagree on how to assess which are the 
winners and losers of Anthropocene biodiversity changes. 

In this field of research, many studies have been carried out on passerine birds but long-term 
ones, and especially on raptors, are still missing. Our study reports a twelve-year survey on two 
diurnal common raptors (the Buzzard, Buteo buteo and the Eurasian kestrel, Falco tinnunculus) 
facing recent land use changes in Western France farmland landscapes. Precise remote sensing 
data were analyzed each year, allowing us to precisely describe land use changes and stability 
along this time series. 

Buzzards showed reduced abundances in intensified landscapes and responded negatively to 
wood habitat instability while kestrels were more abundant and stable when areas of meadows 
increased. According to life history traits of these two-raptor species, we may suppose that 
buzzards, as generalist predators, mainly suffer of nesting site decrease while kestrels suffer of 
food depletion and namely voles living in meadows. 

No decreasing or increasing regional or local trends was observed for buzzards during these 12- 
years confirming that populations seem adjust their numbers to fit to local resources. Inversely, 
kestrels exhibit significant population collapses at both regional and local scales. 

If limiting wood habitats fragmentation or disturbance would optimize buzzard densities, 
drastic management measures improving surfaces and quality of grassland habitats will be 
necessary to reverse the decline of the Eurasian kestrel, highlighted by this study.   

1. Introduction 

Nowadays, agricultural landscapes represent the dominant land use throughout Europe and since the 1950 s, a huge increase of 
production has arisen, resulting from significant changes in farming policies and improvements of farming practices (Turner and 
Meyer, 1994). The Common Agricultural Policy (European Union) has been the main driver of this dynamics (Potter, 1997). Major 
changes, from field to regional scales, have occurred in order to promote competitiveness and productivity. During this period, 
intensification of agriculture in Western Europe led to simplest, less heterogeneous and less diversified landscapes (Meeus et al., 1990; 
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Baessler and Klotz, 2006). These evolutions are known to be responsible of many detrimental effects on biodiversity (Benton et al., 
2003). 

Diversity of habitats and intensity of agricultural practices influence patterns of biodiversity. In many studies, benefits of landscape 
heterogeneity have often been underlined and widely recognized (Devictor and Jiguet, 2007; Fischer et al., 2011; Michel et al., 2007; 
Billeter et al., 2008; Chiron et al., 2014). The heterogeneity of agricultural landscapes is both determined by proportion and spatial 
configuration of the different land uses (crop vs. semi-natural covers). Main changes which occurred over the last decades included a 
widespread loss of uncultivated elements and a high conversion rate of grasslands to cropped areas (Burel and Baudry, 1995). Loss of 
natural grasslands, woodlot patches, field margins and ditches as well as fragmentation of hedgerow networks and enlargement of crop 
fields, created a complex array of factors that affect farmland wildlife diversity. Nevertheless, such land use changes have received first 
attention only in early 1980 s (Robinson and Sutherland, 2002). 

Abundance of semi-natural habitats is associated to overall heterogeneity and connectivity of farming landscapes and have been 
pointed by numerous authors to be an essential factor of maintaining their biodiversity (Schweiger et al., 2005). Ecologists agree on the 
consensus of the decline of biodiversity in most of agricultural landscapes (Butchart et al., 2010) and a large part of European 
biodiversity depends on the management of farming habitats within these landscapes (Stoate et al., 2001). Therefore, managing 
heterogeneity of farming habitats for biodiversity appears crucial and more important for high-than low-intensified landscapes (Batáry 
et al., 2011). This also requires to better know responses and specific requirements of species facing such changes (Fahrig et al., 2011). 
In predominantly agricultural regions, biodiversity response to landscape changes of recent decades has been shown to be taxon 
specific (Burel et al., 2004). 

In Europe, the period of intensification of farm management coincided with the decline of many specialist farmland bird species 
(Fuller et al., 1995; Chamberlain et al., 2000; Donald et al., 2001). Birds display many key ecological functions and are often observed 
as interesting ecological indicators (Sekercioglu, 2006; Whelan et al., 2008). The European Farmland Bird Indicator (EFBI), adopted by 
the European Union, is a structural and sustainable indicator considered as useful surrogate for trends of biodiversity in agricultural 
landscapes (Gregory et al., 2005). Similarly, the French Breeding Bird Survey, initiated in the 1980 s, furnishes temporal trends and 
provides biodiversity indicators for policy markers (Jiguet et al., 2012). 

Global changes have strong effects on bird species which depend on their ecology and life history traits. To maintain sustainable 
populations of many species, better understanding the ways by which agricultural intensification affect bird populations abundance 
and distribution is still needed (Raymond et al., 2010). Direct or indirect effects are diverse including mainly food supply (Potts, 1986; 
Brickle et al., 2000; Cardador et al., 2014); nesting habitats and/or strategy (Wilson et al., 1997; Chamberlain and Crick, 1999; Bas 
et al., 2009) and migratory status (Vorísek et al., 2010; Pickett and Siriwardena, 2011). More precisely, the decline of raptor abun-
dance has been often reported in areas devoted to intensified agrosystems (Leptich, 1994; Sergio et al., 2005). Being positioned at the 
top of food chains, raptor species have been, since many years, surveyed as indicators of ecosystem health (Newton, 1979; Donazar 
et al., 1997). Indeed, for raptors, numerous long-term studies reported marked numerical and functional responses to landscape 
changes and their effect on prey availability (Korpimaki and Norrdahl, 1991; Potapov, 1997; Salamolard et al., 2000). 

France hosts a significant part of European raptor diversity and high fluctuations over the last decades have been observed (Millon 
and Bretagnolle, 2004). While populations were very low in early 70 s, a partial recovery of populations was observed up to early 90 s 
followed by a new decline until the beginning of 2000 s (Thiollay and Bretagnolle, 2004). Considering the most common species of 
farming systems, Millon and Bretagnolle (2004) reported that France hosted the greatest common buzzard (Buteo buteo) population of 
Western Europe and important populations of The Eurasian kestrel (Falco tinnunculus). 

Based on these statements and in accordance with Boano and Toffoli (2002) who claimed that population monitoring of these 
two-raptor species is an important conservation task, we may consider fluctuation patterns of their populations as precious ecological 
indicators of the evolution of recent decades dynamics of farming landscapes. Raptors need low disturbed nesting sites and high 
profitable foraging areas (Cody, 1985). Most of species feed on small mammals but depend more or less on this resource according to 
their specialist vs. generalist characters. For example, rodents account more in the diet of the Eurasian kestrel than in the common 
buzzard (Gensbol, 1988). Buzzards are also known to forage mainly by questing preys perched on trees at hedges or wood edges 
(Wuczyński, 2005). Inversely kestrels are more often seen in active hunting over wide open spaces foraging small mammals living in 
sparse herbaceous vegetation (Costantini and Dell’Omo, 2020). Thus, we may suppose that development and/or quality of wood vs. 
grassland habitats will interfere with their foraging behavior and their presence in agricultural landscapes. 

Based on a large time series compilation, a recent review reported a syndrome of consistent cycle amplitude dampening of vole 
populations throughout Europe (Cornulier et al., 2013). Factors responsible of such syndrome may have cascading impacts on food 
chains architecture but are still largely unknown and lot of controversies are still existing. For example, Hagemeijer and Blair (1997) 
postulated that buzzards would be less sensitive than kestrels to pesticides use. But later, Thiollay and Bretagnolle (2004) suggested 
that buzzards would be more sensitive to agricultural intensification than kestrels. 

As suggested by many ecologists (Franklin, 1989; Lindenmayer et al., 2012), only long-term studies on dedicated agricultural areas 
could light such a subject. In that sense and based on a long-term study (i.e. 12 consecutive years), we collected abundance data on 
these two common diurnal raptors in contrasted agricultural landscape contexts of Western France whose land use dynamics varied 
over time and space since several decades. Aside annually raptor abundance data, annually remote sensing data were available and 
used to evaluate and describe precisely land use changes and stability along this time series. 

The goals of this study were to test (1) if these two raptor species show positive, neutral or negative trends, observable both at 
regional and local scales, (2) if variations in abundance and stability of these two-raptor species can be related to dynamics of local 
landscape features (surfaces and stability of land uses). Finally (3), we will discuss the relevance of these results with regard to the 
threats that recent evolutions of agriculture in Europe induce on top-food-chain predators. 
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2. Study site 

The study took place in Brittany (France) in the “Zone Atelier Armorique” (ZA, hereafter) (Fig. 1). The ZA is a research site area 
labeled by the French National Center for Scientific Research (CNRS) and which aims to conduct long term interdisciplinary research 

Fig. 1. Study area: (a) Geographic localization of the Long-Term Ecological Research site “ZA Armorique”, Brittany, France – (b) Raptor transect 
with counting points in DB (dense bocage) and LB (loose bocage) sites. (c) 500 m radius window centered on a counting point with local land use 
and multi-years records of geolocated raptors. Overview of the landscape appearance of DB (d) and LB (e). 
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Table 1 
Variability of the four dominant land uses illustrating the spatial heterogeneity at the level of the 19 landscape spatial replicates of DB and LB bocage sectors. Mean percent for each spatial replicate of DB 
and LB were calculated from land uses percent recorded in each of the 12 years of study.  

Dense Bocage Loose Bocage  

DB1 DB2 DB3 DB4 DB5 DB6 DB7 DB8 DB9 DB10 LB1 LB2 LB3 LB4 LB5 LB6 LB7 LB8 LB9 min max mean SE 

Mean % Wood areas 
(Wm)  

2.2  6.9  8.5  18.3  6.2  3.8  8.3  2.8  4.1  21.8  0.4  5.0  9.7  0.4  2.8  0.4  0.5  2.5  2.3  0.4  21.8  5.6  5.9 

Mean % Cereal areas 
(Cm)  

14.4  11.5  14.1  15.4  8.9  13.6  19.2  13.3  16.9  25.8  36.1  18.7  13.1  42.9  30.8  24.8  42.7  32.4  34.6  8.9  42.9  22.6  10.9 

Mean % Maize areas 
(Mam  

25.5  16.7  18.2  16.7  16.8  12.3  14.1  17.2  14.8  31.9  31.4  53.4  20.8  39.4  45.1  28.1  31.7  33.7  30.0  12.3  53.4  26.2  11.4 

Mean % Meadow areas 
(Mm)  

29.7  42.5  35.9  43.8  59.2  59.4  44.0  58.2  60.0  14.9  16.4  10.3  45.5  12.0  17.1  35.4  15.6  20.9  40.0  10.3  60.0  34.8  17.5  
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on anthroposystems in relation to societal issues (https://osur.univ-rennes1.fr/za-armorique/). The ZA is part of the European eLTER 
(European Long-Term Ecosystem Research) and international ILTER networks of long-term ecological research sites. 

The ZA comprises three privileged sectors representing three different landscape entities: (1) a zone of agricultural landscape, (2) 
an alluvial plain and (3) the city of Rennes as urban context research site. Our study has been carried out in the agricultural zone which 
covers a total area of 13237 ha. and is dominated by a typical farming system of this region locally called “bocage”. The study area is 
located in the vicinity of the city Pleine-Fougères (60 km north of Rennes city, Brittany region, North-Western France), just South of the 
Mont-Saint-Michel Bay (48◦33′26′’N, 1◦33′50′’W) (Fig. 1a-b). 

As typical landscape of Brittany, the bocage looks like a mosaic of semi-natural grasslands and crops, being bordered by some wood 
patches and hedgerows that play many ecological roles (Baudry et al., 2000). Due to intensification of agriculture, lot of areas of this 
farming system have evolved considerably since the second half of the 20th century. This result to more open landscapes, reduced 
hedgerow network length and semi-natural grasslands in favor of enlarged crop areas. Widespread crops are rotational grasslands, 
maize and cereals. 

Our long-term study was conducted in two sectors of the agricultural area. The first one, in the south part, is a well preserved dense 
bocage (DB, hereafter) and the second one, in the north, is a more intensified loose bocage (LB, hereafter) (Fig. 1b). DB is a well 
conserved farming landscape where grasslands and fodder crops dominate and which is mainly oriented toward dairy production. LB, 
in the north part, is a more open and fragmented landscape where agriculture is mainly oriented toward mixed dairy cattle and some 
crop production (Fig. 1d-e). 

In these bocage landscapes, the hedges bordering the fields are most often made up of pruned oaks with some clumps of pruned 
chestnut trees. Since 2005, due to the introduction of environmental protection conditions in the Common Agricultural Policy, most of 
the wetlands areas within the bocage are bordered by grass strips to restore water quality. 

3. Material and methods 

3.1. Raptor abundance monitoring 

The study focused on the Common buzzard, Buteo buteo (hereafter buzzard), and the Eurasian kestrel, Falco tinnunculus (hereafter 
kestrel). These two diurnal raptors are the most common raptors in agricultural landscape of Brittany. 

The ideal habitats for buzzards are the forest edge or mosaics of afforestation within agricultural landscapes. Buzzards build their 
nest on a fork or branch of large trees, usually near the edge of woodlots (del Hoyo, 1994). Kestrels tolerate a wider range of open or 
semi-open partially forested areas. Location of the nest is variable (rocky ledges, buildings, isolated trees, wood edges…); but Kestrels 
hardly ever nest inside wooded areas. They rarely build nests and prefer to use abandoned corvid nests (del Hoyo, 1994). 

Our goal was not to record nesting sites or to evaluate nesting density or breeding success of the two species but how frequentation 
of the studied area evolved over this 12-year period, regardless of wintering or breeding status of individuals. Indeed, data collection 
during monitoring surveys might include both nesting and non-nesting individuals during spring and summer as well as sedentary, 
nomadic and migratory individuals during winter. We considered long term fluctuations in abundance of all these individuals as an 
indicator of changes in carrying capacities of the different landscape contexts. 

We used the census method developed and recommended by Leptich (1994). Activity monitoring of raptors were made by counting 
individuals along 2 transects of around 20 km, one in DB and one in LB (Fig. 1b). Transects were based on the road network and 
selected to obtain a good prospection of the two-bocage sites. Short stops (i.e. counting points) were also distributed regularly along 
these 2 transects (Fig. 1b-c). Both road course and counting points were chosen to obtain field of view as less disrupted as possible by 
physical environments and we assumed a maximal detection distance of 500 m using pairs of binoculars (Fornasari et al., 1992). This 
resulted in prospected areas along these two transects of 1760 ha in DB and 1687 ha in LB respectively. 

Raptor census sessions along transects were done at a constant speed of 30 km.h− 1 with stops of 5 min at the different counting 
points. Counting points along transects were chosen to take into account, as much as possible, internal heterogeneity specific to each 
sector DB and LB. 

Counting points along transects were over 1 km apart from each other to ensure independent raptor counting and to avoid 
overlapping of environmental data descriptors. Due to landscape configuration and visibility, 10 and 9 counting-points stops were 
respectively done each year in DB and LB during the different bird census session (Fig. 1b). Considering the maximal distance of view of 
500 m, areas prospected at each counting point were of 78,5 ha. These counting points represented 19 landscape replicates of spatial 
land use heterogeneity of the bocage landscape on which we based and assessed relationships between land uses dynamics and 
abundance trends of raptors. This land use variability at the level of these 19 spatial replicates is summarized in Table 1. 

Minimum and maximum values of the main four land cover show the significant local variability of the landscape contexts 
considered at the level of the 19 spatial replicates. 

All along the two transects (at and between counting points), individuals perched or being in stationary flights were counted. 
During a same session of raptor census survey, fast moving birds were excluded to avoid multiple counting. On the other hand, from 
one session to the following ones, we could obviously identify the same individuals since they could not be recognized individually. 
This was not a problem insofar as our objective was not to estimate absolute densities but to record numerical variations of individual 
contact probabilities throughout the year and their long-term evolution trends. 

A similar bias exists concerning the detection probabilities of the two species which display different sizes and behaviors. Again, 
regardless of these differences in detection probabilities, we consider that our standardized method was adapted to our expectations, 
namely to reveal variations of raptor activity within our study area that we consider representative of long-term trends populations of 
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these two-raptor species at this regional scale. 
They were identified and geolocated using a laser rangefinder (Trimble True Pulse 360B) which was linked to a DGPS receiver 

(GNSS Trimble GeoXH 6500). This allowed us to make remote measurements which were recorded in decimetric version via the 
TerraSync data entry software. Then, data were all post-processed in differential mode using the GPS Pathfinder Office processing 
software and finally loaded into the ESRI Geographic Information System software (ArcGIS Desktop – ArcMap V.10.8). The precision of 
these geolocations allowed us to check that all the individuals identified were well located within the 500-meter buffer bordering the 
transects, but especially within the 78.5 ha counting points areas that are used further to evaluate relationships with the environmental 
descriptors. We made a total of 72 survey census sessions (6 per year) from January 2005 to November 2016. 

Raptor population fluctuation trends were first analyzed at the regional scale (whole ZA = DB+LB or DB and LB taken separately) 
by including all individuals observed at and between counting points of each bocage site. Secondly, a detailed analysis at intra-site 
scale was performed by considering only individuals observed at counting points of DB (n = 10) and LB sites (n = 9). 

We then studied how landscape features can influence raptor abundances and stability. To do this, only individuals observed inside 
counting points buffers (n = 19) were considered to facilitate calculation of environmental variables, insofar, settled individuals in 
these buffer zones are supposed to respond to habitat conditions that prevail at this local scale. Raptor abundances (Buz-ab and Kes-ab) 
were expressed each year as the mean record of each raptor species inside the 500 m radius circle windows centered on the counting 
points. Between-year raptor population stability was expressed by the relative standard deviation of mean values (Buz-rsd and Kes- 
rsd). Both abundance and stability population data were used as intra DB- and LB-site replicates for statistical evaluation of the re-
lations with local landscape features. 

3.2. Land use characteristics and dynamics 

To evaluate spatio-temporal variations of land use within DB and LB sites, we used vertical aerial photographs (orthophotoplan 
provided by IGN, National Institute of Geographic and Forest Information) as well as vertical aerial or perspective shots obtained via 
microlight flights ("air-papillon" service provider). At first years, photographs were delivered only as color photo prints that have 
subsequently been completed by georeferenced digital format. The digitization was carried out with the Geographic Information 
System software from ESRI company (ArcGIS Desktop, ArcMap V.10.8). With the same software, the photo-interpretation method was 
used for the identification of land use. Each year (from 2005 to 2016), we extracted land use information of the 19 counting points of 
DB and LB bocage sites by using 500 m buffer windows centered on these counting points (Fig. 1c). 

We considered six main land use items that can be easily recognize and considered as most important for the settlement of raptors. 
Wooded habitats are essential as nesting habitats, fallows and grasslands habitats are essentials as prey reserves, cereals crops, maize 
crops and built areas may be considered as unfavorable foraging and nesting habitats. For each year (n = 12) and each counting point 
(n = 10 and n = 9 for DB and LB respectively), land use descriptors were expressed as mean cover (m = mean) and stability (rsd =
relative standard deviation of mean land use values). We thus obtained 12 landscape descriptors (mean cover and stability) labelled as 
follow: Wood (Wm; Wrsd) – Cereals (Cm; Crsd) – Maize (Mam; Marsd) - Fallows (Fm; Frsd) - Meadows (Mm; Mrsd) – Built areas (Bm; 
Brsd). All these 12 descriptors were considered as explanatory variables of abundance variations and stability of raptors (dependent 
variables). 

3.3. Data analysis and statistics 

Raptor abundance fluctuation patterns were observed at different scales: intra-site (counting points), inter-site (DB and LB) and 
whole ZA study area (DB+LB). 

We performed ANOVA to test if the raptor abundance between sites (DB and LB) varied significantly or not. Before concluding 
about the test, we checked that the residuals of the model follow a normal distribution using Shapiro-Wilk test of normality. 

To detect significant monotonic trends in our time series, we performed non-parametric Mann-Kendall tests (“trend” package, 
Mann, 1945, Hipel and McLeod, 2005). The strength of the trend is provided by the “tau” value and its associated p-value. When 
Mann-Kendall tests were significant, the slope of the trend was determined with the Sen’s slope. 

Generalized Linear Models were then used to examine the relations between all descriptors of raptor (abundance and stability) and 
the environmental characteristics of the counting points of the two bocage sites (DB and LB). To avoid excessive correlation between 
explanatory environmental variables, we selected a limited set of variables considering a correlation threshold of 0.7 (Dormann et al., 
2013) based on a correlation matrix between all environmental variables (see Online Resource 1). Before running models considering a 
Gaussian distribution, we performed Shapiro-Wilk tests of normality to check the distribution for abundance and stability data. 

According to raptor life history trait assumptions, we built 4 models. In previous results (Butet et al., 2010), we already pointed the 
negative effect of cultivations on these two-raptor species and their positive, but differentiated, relations to woodland and grassland 
habitats. Buzzards are known to depend strongly on the amount and quality of wooded habitat for nesting and hunt mostly, on the 
lookout, perched along wooded edges bordering rather grasslands than crops. Inversely, kestrels may nest in woodland of more varied 
quality but are more dependent on grasslands as main foraging habitat. 

Therefore, after having considered the correlation between variables, we modeled abundance and temporal stability of buzzards 
(Buz-ab and Buz-rsd respectively) with the mean woodland area (Wm), the mean meadow area (Mm), the woodland temporal stability 
(Wrsd), the cereal temporal stability (Crsd), the maize temporal stability (Marsd), and their interactions as explanatory variables. 
Second, we modeled abundance and temporal stability of kestrels (Kes-ab and Kes-rsd respectively) with the mean meadow area (Mm), 
the cereal temporal stability (Crsd), the maize temporal stability (Marsd), the mean woodland area (Wm), the woodland temporal 
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stability (Wrsd) and their interactions as explanatory variables. 
Dredging and model averaging procedures were performed using the “MuMin” package (Barton, 2016). Models were ranked by 

AICc, the Akaike information criterion corrected for small sample sizes (Burnham and Anderson, 2002), and averaged estimates of the 
variables were calculated over a model selection with a cumulated weight of AICc of 0.95. The effect of an explanatory variable was 
considered significant when its estimate (i.e. the slope of the relation) was different from zero (i.e. when its 95% confidence interval 
excluded zero). The quality of the models was evaluated using r2 values calculated for fixed effects for the global model (“MuMin” 
package, Barton, 2016). 

4. Results 

4.1. Raptor abundance trends 

During the 72-bird census performed over the 12 successive years, a total of 1824 individuals were contacted in the whole study 
area. Buzzards were globally more abundant (1197 contacts) than kestrels (627 contacts). 

We also observed marked seasonal fluctuations each year, buzzard and kestrel being always more abundant outside breeding 
season (see online resource 2). This can be easily interpreted considering that during breeding sessions, individuals were less 
detectable because of restricted activity and high development of vegetation. Moreover, as already pointed in method section and 
following assumptions of Clements (2003), we may also obviously suppose that sessions performed outside breeding season included 
both wintering sedentary and semi-migratory or nomadic individuals. Such seasonal fluctuations were neglected and only 
between-year fluctuations make sense and were considered in our study. 

Buzzards were significantly less abundant in LB than in DB (ANOVA, Fvalue=54.84, Df=1, p < 0.001; Fig. 2) while kestrels did not 
present significant difference between LB and DB (ANOVA, Fvalue=0.21, Df=1, p = 0.65; Fig. 2). 

Analyses by aggregating data by year at the regional scale (whole ZA; Fig. 2) indicated that only kestrel showed a significant decline 
trend (tau=0.58, p = 0.01) whereas no significant trend was detected for buzzard (tau=0.08, p = 0.78). Similar results were observed 
when considering raw data of the two raptor abundances that include all individual contacts on the whole ZA, during the 72 census 
record sessions (see online resource 3). No significant trend was detected for buzzard (Mann-Kendall test, tau=0.04, p = 0.64) whereas 
significant decline was detected for kestrels (Mann-Kendall test, tau=0.29, p < 0,01). 

An analysis at intra-site scale (counting points) showed that buzzards displayed significant trends (Mann-Kendall tests with p- 
values < 0.05) only in 4/19 counting points (three positive and one negative, Fig. 3), while kestrels showed significant negative trends 
in 10/19 sites (Fig. 4). 

4.2. Land use characteristics and raptor abundance and stability 

We examined, using generalized linear models, the relations between descriptors of birds (abundance and stability) and all the 
environmental characteristics of the 19 counting points of the two bocage sites (DB and LB). Except for buzzard stability (Buz-rsd), 
averaged estimates of the variables in each model showed that only one predictor was found significant for each of the four models 
(Table 2). Buzzard abundance (Buz-ab) was negatively related to the woodland temporal stability (Wrsd). Kestrel abundance (Kes-ab) 
and temporal stability (Kes-rsd) were respectively positively and negatively related to the mean meadow area (Mm). 

5. Discussion 

How land use affects abundance of organisms is a question increasingly associated with landscape ecology (Flather and Sauer, 
1996). Since the 1980 s, ecologists agree to recognize significant declines in farmland biodiversity all over Europe (McKinney and 
Lockwood, 1999; Sala et al., 2000; Butler et al., 2007). These declines did not spare birds and similar concordant patterns have been 
reported for numerous European farmland bird species (Chamberlain et al., 2000; Donald et al., 2001; Wretenberg et al., 2006). 

Fig. 2. Population abundance trends of Common Buzzard and Eurasian Kestrel over the period 2005 – 2016. Inter-annual variations (black lines) 
with a modelled linear curve (dotted grey lines) are plotted for each species. Year abundance values for DB and LB are detailed each year with 
colored histograms. 
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Nevertheless, a long-term trend in the North American Breeding Bird Survey, revealed a balance in which 49% of the species were 
increasing and 51% were decreasing (Schipper et al., 2016). 

As indicators of agricultural habitat degradation, raptors are less studied than passerine birds despite they are considered as 
sensitive organisms of landscape environmental quality (Newton, 1998). Lot of controversies still exist on their population health and, 
while their distributions are well known, their dynamics are based on rough estimates and scarcity of old data makes it difficult to 
assess long-term trends (Thiollay and Bretagnolle, 2004). In Europe, lowest population levels for raptors seem to have occurred during 
the 1960 s but protection laws and abandonment of some pesticides have allowed populations to gradually recover since the 1970 s 
(Thiollay and Bretagnolle, 2004). In France, the FIR-UNAO survey (Fonds d′Intervention pour les Rapaces - Union Nationale des Asso-
ciations Onnithologiques) which was the first large-scale population estimate study, dates from the 1980 s (Thiollay and Terrasse, 1984) 
and was completed 20 years later (Thiollay and Bretagnolle, 2004). Because France hosts two-thirds of Western Europe raptor species 
and the greatest density of buzzards and kestrels, our investigation was timely justified to precise recent effect of land use changes on 
abundance evolution trends of these two-common raptors. Moreover, our study attempted to highlight the landscape factors under-
lying these trends. To reach this goal, we performed annual monitoring of land use changes and mainly crop rotations at the regional 
scale of the whole study area. 

During this study, 1824 individuals were recorded and we observed almost twice more buzzards than kestrels. We can’t exclude 
that such difference may partly reflect an easier detection of buzzard than kestrel. But, as mentioned in methodology, our goal was not 
to compare precisely densities of each species but to evaluate how their detection probabilities evolved along time and to what extent 
we can link them to landscape dynamics. 

Another bias of our study is that our monitoring method did not allow us to estimate accurate abundances of breeding or wintering 
populations each year, but rather indices of activity or site frequentation by the two species. We could have applied the distance 
sampling method (Buckland et al., 1993) especially since we had made the effort to geolocate the individuals detected by a procedure 
using a laser rangefinder connected to a DGPS receiver with post-processing of data for the GIS. 

The implementation of distance sampling applications (Thomas et al., 2010) nevertheless shows biases (Prieto Gonzalez et al., 
2017) and requires rigorous conditions of use. Firstly, individuals close to the transect are all detected, which was almost the case 
during our monitoring sessions. Second, individuals must not move before their detection, a condition that was globally possible to 
admit as negligible. Thirdly, distances are measured with accuracy. This condition was easily met for individuals perched but 
sometimes impossible for individuals on the ground or escaping away at our arrival. Fourthly, a minimum of 60 individuals are 

Fig. 3. 12-year population abundance trends of buzzards observed at counting point scales (n = 10 for DB; n = 9 for LB). For each intra-site 
replicate, Tau value, P-value and Sen’s slope are mentioned. (*): Significant trends. 
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required during a monitoring session to obtain reliable abundance estimates. During our monitoring sessions, the number of contacts 
per transect varied from 5 to 30 individuals which was well below the minimum required. 

It is mainly this last condition that led us not to convert our activity data into abundance data using this method. Moreover, our 
monitoring took into account the activity of breeders as well as migratory or sedentary winterers, which show very heterogeneous 
activity behavior and detection probabilities over time. We then considered that these temporal variations of the activity levels of the 
two species during the 12 years of study were a reliable proxy of the levels of frequentation of our study site by these two species and 
thus, whether their populations were significantly declining or not over time. 

Whatever, this difference in abundance between the two species confirms previous knowledges that buzzard is the most abundant 
raptor in France whereas kestrels, although being better adapted to a larger range of environments, are less abundant in half of Eu-
ropean countries and several regions of France (Millon and Bretagnolle, 2004). 

We are aware that our results confirm trends already felt and mentioned in various databases (BirdLife International, 2021; IUCN, 
2021). Nevertheless, the need to conserve and to plan new management of semi-natural habitats such as woodlands or meadows is 
most often mentioned there as hypothesis. Our research over 12 years of study is based on a landscape ecology approach in which an 
in-depth analysis of land uses dynamics is carried out integrating evolution of surfaces and their temporal variability. Moreover, we 
considered both breeding and wintering periods to evaluate changes in carrying capacities of these landscapes for raptors. Therefore, 

Fig. 4. 12-year population abundance trends of kestrels at counting point scales (n = 10 for DB; n = 9 for LB). For each intra-site replicate, Tau 
value, P-value and Sen’s slope are mentioned. (*): Significant trends. 

Table 2 
Results of GLM testing the influence of a set of uncorrelated environmental variables on the raptor population descriptors in the 19 counting points of 
DB and LB sites. For the sake of simplicity, only significant variables from the model selections (estimates with a 95% confidence interval) are 
provided in the table.  

Bird descriptor Environmental variable Estimate (mean and 95% CI) r2 

Buzzard abundance (Buz-ab) Wrsd -43.58[− 81.83 − 13.36] 0.40 
Buzzard stability (Buz-rsd) – – – 
Kestrel abundance (Kes-ab) Mm 0.67 [0.35 / 1.02] 0.52 
Kestrel stability (Kes-rsd) Mm -0.01 [− 0.01 / − 0.005] 0.63  
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we believe that our study provides a solid demonstration of these species / landscape interactions on which future conservation actions 
can be based. 

During these 12 successive years, our results did not show any significant trends for buzzards at the regional scale. This corrob-
orates conclusions of Thiollay and Bretagnolle (2004) who consider that buzzards enjoy a good status of its population and seem to 
have recovered its numbers thanks to full protection since the 1970s 

Nevertheless, abundances of buzzards were always lower in the more intensified landscape (LB). It indicates that this raptor is 
strongly sensitive to intensification of agriculture as reported by Sergio et al. (2005). This global and stable dynamics observed during 
this decade was fully validated at local scales where no significant trends were most often observed and with only few localities 
displaying significant growth or declines. Moreover, the few increasing trends were either seen in dense or loose bocage indicating that 
these evolutions of abundance occurred regardless of the intensification level of the landscape. 

If bocage landscapes are considered as rather optimal habitat for this raptor (Nore, 1999), high densities have often been reported 
for forest landscapes or even within forest core (Suetens, 1989). We may suppose that buzzard can maintain large populations in 
agricultural landscapes as long as the afforestation rate is high but are sensitive to disturbance affecting wooded habitats probably for 
their nesting activity. Intensification of bocage landscape always results in fragmentation of hedgerow networks and of small woodlot 
habitats (Meeus et al., 1990). This may explain why difference of abundances between dense and loose bocage were well differentiated 
for this raptor species. In a previous study carried out over three successive years (Butet et al., 2010) we already pointed that buzzard 
respond negatively to the decrease of wooded habitats which seems to be linked to the depletion of the small mammal species living in 
this habitat. In the present study, we did not have tracking data on prey availability but, the only landscape factor influencing 
significantly buzzard abundances, were the stability of wood habitats while analyzes do not validate a role of wooded surfaces. 

As buzzard feed partly on small mammals, we could have expected a significant positive effect of meadows that our analyzes did not 
bring out. This may reflect that buzzard have a lot of alternative preys which make them generalist predators (Graham et al., 1995). We 
may suppose that disturbances of nesting habitat may more affect abundances than food depletion, confirming statements of Nore 
(1999) reporting that development of agriculture and mainly cereals spread is a real threat for buzzard but that population sizes remain 
stable by adapting mainly to the availability of nesting sites. Such findings are still recently relevant. For example, Gryz and 
Krauze-Gryz (2019) reported that buzzards adapted well to both positive or negative changes affecting forest landscapes of central 
Poland. They concluded that despite being forced to switch to alternative preys, buzzard populations grew significantly underlying its 
great adaptability. 

Kestrels were less contacted than buzzards corroborating the general assumption that kestrel undergo negative status in Europe 
(Tucker and Heath, 1994) and is a species that need to be closely monitored in France (Rocamora and Yeatman-Berthelot, 1999). As 
pointed in Thiollay and Bretagnolle (2004), long-term studies of population were largely missing for this species in France and a great 
uncertainty still existed about trends of population dynamics. Contrary to buzzard, our results showed clear significant declining 
trends of kestrel abundances all over the study period. Inversely, no marked difference of abundance levels was observed according to 
intensification of agriculture. This overall decreasing pattern, observed at regional scale, was also confirmed at the local intra-site 
scales and observed both in the dense or the loose bocage. Moreover, when local trends were not significant, population trajec-
tories seem to be most often negative, never positive. These results are rather unexpected as according to Village (1990), kestrels can 
maintain sustainable populations in rather more artificial anthropogenic landscapes than bocages. For example, kestrels are observed 
in suburban habitats or human-made environments like industrial fallows and herbaceous habitats associated to transport in-
frastructures. Although kestrels are probably adapted to a wider range of habitats than buzzards, our results provide new data vali-
dating that they seem no more adapted to agricultural practices currently developed in Western France “bocages” and exhibit a current 
trend of populations decline in the context of agricultural landscapes. 

Regarding relations with landscape change, our results indicated clearly that kestrel were more abundant and stable when meadow 
areas were high. This strong dependence on meadows has been already pointed in previous studies (Village, 1982; Butet et al., 2010). 
In Italy, Costantini et al. (2014) observed that kestrels breeding in areas of intensive agriculture delayed egg-laying and had offspring 
in poorer condition compared to those breeding in areas of temporary or permanent grasslands. Kestrels feed on a reduced range of 
preys varying according to habitats (for example individuals living in urban contexts). In farming systems, contrary to buzzards, 
numerous studies reported that they are highly dependent on vole availability (Korpimaki and Norrdahl, 1991; Viitala et al., 1995). 
That is why there are commonly labelled as specialist predators displaying active hunting over wide open grassland spaces. Such 
dependence on voles has been observed for other vole-specialist raptors like Montagu’s harrier (Butet and Leroux, 1993, 2001; Sal-
amolard et al., 2000) and most studies agree on the fact that specialized species of farmland habitats generally show steeper decrease 
than generalist ones (Reif et al., 2008). A fairly recent synthesis (Cornulier et al., 2013) revealed a wide dampening of vole populations 
throughout Europe which real causes are still unknown but for which effects of climatic and land use changes are highly suspected. 
Permanent declines of kestrels observed in our study may reflect such resource dampening associated to detrimental development of 
crops against permanent natural meadow areas. 

Of course, it is always difficult to distangle direct effect (quality, fragmentation, loss of habitats) or indirect effect (increase of 
pesticides, trophic depletion) that land use changes cause on raptor populations. For example, some authors have pointed contami-
nations of raptors in some anthropized landscapes (Weinburg and Shore, 2004; Battaglia et al., 2005) but whose relationship with the 
intensification or modification of landscapes is not clearly demonstrated. 

Likewise, along with our analysis of landscape dynamics, monitoring the availability of prey in woods and meadows would 
certainly have enabled us to better understand the underlying mechanisms responsible of these two raptor population trends. We may 
suppose such prey depletion to be of major importance for kestrels which is known as specialist predator of grassland voles. This appear 
more marginal for buzzards which are more generalist predators but may more suffer from wooded habitat disturbances for nesting. 
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Finally, future data on dispersal rate and migration would be also useful to understand the mechanisms at work in relation to these land 
use changes. 

6. Conclusions 

Our long-term study covering 12 successive years of monitoring raptor abundances and land use changes provides new information 
on the recent evolution of populations of common diurnal raptors in the bocage landscapes of Western France. 

We confirm the good health of buzzard populations which do not show any sign of pronounced declines. This stability seems to be 
related to the generalist character of this species, which numerically adapts to both food and nesting-habitat resources. However, we 
highlighted that the fragmentation of wooded habitats induced by intensification of these landscapes is able to significantly weaken 
population abundances. So, the buzzard is a good indicator of the quality of the wooded frame within agricultural landscapes. 
Maintaining significant areas of wooded habitats within these agricultural landscapes will support optimal and sustainable population 
levels of this raptor. 

The common kestrel has shown lower abundance levels consistent with its status as the second most common raptor species in 
France. Compared to buzzard, the less contrasting responses observed to intensification of agriculture reflect its ability to adapt to 
various types of landscapes. Nevertheless, the major result of this study lies in the demonstration of a continuous decline observed in 
most of agricultural landscape contexts. We highlighted that this collapse of abundances was closely related to the decline of per-
manent grasslands, the main habitat for voles, which are basic preys of this specialist raptor. Kestrel appears to be a good ecological 
indicator of the abandonment of mixed farming-breeding practices that have drastically induced decrease of the amount and quality of 
meadow areas. Only the maintenance of meadows or permanent short crops such as alfalfa highly favorable to voles would be likely to 
reverse this decline. 

Of course, recent evolutions of agricultural practices can act in different ways on nesting and wintering success of raptors. Beyond 
our demonstration of long-term correlated effects of land use changes and raptors population trends, it would be important to carry out 
additional investigations to better elucidate the mechanisms involved (predation, dispersal, breeding success, food depletion, eco-
toxicology, etc.). 
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