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How can the home range of the Lesser 
Kestrel be affected by a large civil infrastructure?
Javier Vidal‑Mateo*, Marta Romero and Vicente Urios

Abstract 

Background:  The loss of traditional agropastoral systems, with the consequent reduction of foraging habitats and 
prey availability, is one of the main causes for the fast decline of Lesser Kestrel (Falco naumanni). To promote the con‑
servation of the Lesser Kestrel and their habitats, here we studied the foraging activities patterns of this species during 
the breeding season.

Methods:  Between 2016 and 2017, we captured and tagged 24 individuals with GPS dataloggers of two colonies in 
Villena (eastern Spain) with the goals of estimating the home range sizes of males and females, evaluating the differ‑
ences in spatial ecology between two colonies located in different environments: natural and beside a thermosolar 
power plant, and investigating habitat selection.

Results:  Considering the distances before July 15, date until which it can be assured that the chicks remain in the 
nest in our colonies, there were significant differences with the distances to the nest in relation to the colony of the 
individuals: Lesser Kestrels from the thermosolar power plant colony had a greater average distance. The average size 
of home range areas was 13.37 km2 according to 95% kernel, and there were also significant differences in relation to 
colony: the individuals from the thermosolar power plant colony used a larger area (22.03 ± 4.07 km2) than those from 
the other colony (9.66 ± 7.68 km2). Birds showed preference for non-irrigated arable lands and pastures.

Conclusions:  Despite the differences between the two colonies, the home ranges of both are smaller or similar to 
those observed in other European colonies. This suggests that Lesser Kestrels continue to have adequate habitats and 
a good availability of prey. Therefore, the extension and proximity of the plant does not imply a great alteration, which 
highlights the importance of maintaining the rest of the territory in good conditions to minimize the impact.
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Background
Lesser Kestrel (Falco naumanni, Fleischer 1818) is one 
of the smallest European raptors (wing-span 58–72  cm, 
body mass 120–140  g). It is a trans-Saharan migratory 
falcon that overwinters in Sahel area (Limiñana et  al. 
2012) and breeds colonially in cavity sites in old build-
ings or under roof tiles in western Europe (Negro and 
Hiraldo 1993). Lesser Kestrel is predominantly insec-
tivorous, feeding mostly on large invertebrates (mainly 
Orthoptera, Coleoptera and Scolopendridae) (Franco 
and Andrada 1977; Negro 1997; Rocha 1998; Lepley et al. 

2000; Kotsonas et  al. 2018) and secondarily on spiders 
and small mammals and lizards (Cramp and Simmons 
1980; Tella et  al. 1996; Negro 1997), whose density in 
steppe habitats seems to be high due to their wide flo-
ristic diversity and composition (Wiens 1985, 1989; Tell-
ería et al. 1988; Martínez 1994; Moreira 1999; Clere and 
Bretagnolle 2001). Lesser Kestrel populations declined 
strongly during the second half 20th century, especially 
in its European range (it became extinct in several coun-
tries and has practically disappeared in others (Tucker 
and Heath 1994; Rodríguez et al. 2006)), due to a reduc-
tion in the availability of nest sites, increases in the use of 
agricultural pesticides, changes in land use (Bustamante 
1997) and above all, loss of traditional agropastoral 
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systems, that caused a reduction of foraging habitats and 
prey availability (Tella et al. 1998).

In this species, low breeding success strongly influ-
ences population dynamics (Hiraldo et al. 1996) and has 
been attributed to low hunting performance in inten-
sively used agricultural landscapes (Donázar et al. 1993; 
Tella et al. 1998). The current situation in many breeding 
areas of low prey availability for this species may stress 
the effect of changes in land-use management on Lesser 
Kestrel behaviour, especially hunting behaviour (García 
et al. 2006). However, the population has been considered 
stable for the last two decades, and consequently, it was 
downlisted from ‘Vulnerable’ to ‘Least Concern’ in 2011 
according to IUCN criteria (BirdLife International 2018).

Lesser Kestrel is currently associated with high value 
habitats of the western Palaearctic, such as Palearc-
tic pseudo-steppes, where the species typically inhab-
its during the breeding season (Cramp and Simmons 
1980). Extensive cereal fields, fallows, pasturelands and 
field margins in agricultural areas are the main habitats 
used by Lesser Kestrels for hunting (Donázar et al. 1993; 
Tella et al. 1998; Gustin et al. 2014; Vlachos et al. 2015). 
Therefore, monitoring Lesser Kestrels will promote a bet-
ter understanding of management strategies that could 
prove useful for preserving European steppe lands (Tella 
et  al. 1998) and, furthermore, will provide insight into 
the ways in which European agricultural policies could 
be adapted to significantly reduce the rate of biodiversity 
loss (European Commission 2006). Although there are 
many previous studies about space use by Lesser Kestrel 
(García et al. 2006; Catry et al. 2014; Vlachos et al. 2015; 
Di Maggio et  al. 2016), recently the lack of concord-
ance in their results has been pointed; also, these stud-
ies comprise a set of local truths that make it difficult to 
establish overall species management recommendations 
(Rodríguez et al. 2014). The size of the home range areas 
has also been addressed previously, obtaining great dif-
ferences according to the suitability of the habitat (Tella 
et al. 1998; Catry et al. 2013; Vlachos et al. 2015).

For all these reasons, to promote the conservation 
of the Lesser Kestrel and their habitats, our goal was 
to study the spatial ecology of the species during the 
breeding season in an area that meets special condi-
tions. On the one hand, it is a reintroduced popula-
tion located in the distribution limit of the species (to 
the east) and, on the other hand, the habitat is strongly 
transformed during several years (changes in land use, 
mainly, substitution of cereal lands for vine crops and 
construction of new infrastructures that have reduced 
the suitable habitat for the species). Therefore, the main 
objectives of the present study were (1) to estimate 
the home range sizes of males and females during the 

breeding season; (2) evaluate the differences in spa-
tial ecology between two colonies located in different 
environments: natural and beside a thermosolar power 
plant and (3) to estimate foraging habitat selection.

Methods
Study area
Fieldwork was carried out in the agricultural pseudo-
steppes of ‘Los Alhorines’ (Villena, southeastern Spain). 
Here there is a 6500 ha Special Protection Area (SPA) 
created for the benefit of its important steppe bird 
populations (mainly Lesser Kestrel, Little Bustard Tet-
rax tetrax, Great Bustard Otis tarda, Montagu’s Harri-
ers Circus pygargus, Black-bellied Sandgrouse Pterocles 
orientalis and Pin-tailed Sandgrouse P. alchata).

The climate is typically Continental-Mediterranean 
with relatively cold wet winters and dry hot summers; 
the average annual temperature is 15.3 °C and the rain-
fall 421  mm (Climate Data 2018). The study area is 
dominated by a mosaic of dry crops, including exten-
sive dry cereal (wheat, and especially barley), fallows of 
variable ages, stubbles plots (grazed by livestock, usu-
ally sheeps), olive groves, vineyards, sunflower and a 
few patches of dry annual legume crops and irrigated 
crops (mainly maize). This valley has been historically 
transformed into a large pseudo-steppe devoted to 
dry cereal farming using traditional practices, such as 
the maintenance of fallows, little use of fertilizers and 
biocides, and the existence of numerous field margins. 
However, current vineyards are being developed to 
replace the cereal fallow system with intensive cultures. 
Nowadays, cereal, ploughed fallow and vineyards con-
stituted the main crops. In addition, two human con-
structions stand out in the landscape: a thermosolar 
power plant of 1.1 km2 completed in 2013 and a reser-
voir with capacity for more than 20 hm3 (now dry due 
to filtrations).

Lesser Kestrel population was established in the study 
area after a reintroduction project carried out between 
1997 and 2002 (Alberdi 2006). In 2000, three pairs bred 
for the first time in our study area, and currently the 
total population reaches 70–80 pairs. Most pairs breed 
naturally in the roofs of abandoned or semi-abandoned 
farmhouses, and some in nest-boxes arranged in dif-
ferent points. The number of breeding pairs per house 
ranges along the years; the largest colony usually hosts 
12–16 pairs each year, while there are a lot of smaller 
ones (between 5–8 colonies per year), some of them 
with only 1–2 pairs. The number of farmhouses occu-
pied by breeding Lesser Kestrels varies between years, 
but in the study area, there are a total of 27 different 
Lesser Kestrel colonies.
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Data collection
Lesser Kestrels were captured in two different colonies 
between 2016 and 2017. One of them is located in an 
abandoned country house beside the thermosolar power 
plant (the distance between this house and the solar 
panels is 60  m), with cereal crops around but also near 
a highway, a prison and a high-speed train line; in this 
colony, around 14 Lesser Kestrels pairs breed each year 
in natural nests under the tiles. The other one, with 6–8 
couples each breading season, is located in three towers 
with nest-boxes arranged for the breeding of this species; 
the surroundings of this colony are composed by dif-
ferent farmlands patches (with a high percentage of fal-
lows, cereal crops, natural meadows, uncultivated lands 
and some vineyards and almond groves). The distance 
between the two colonies is about 6.5 km. In the breed-
ing seasons of 2016 and 2017 a total of 24 adult Lesser 
Kestrels were captured, 8 from the thermosolar power 
plant colony and 16 from the towers with nest-boxes (14 
males and 10 females, see Table 1 for more details). Birds 
were trapped on nest-boxes or using a dho-gaza net with 
a stuffed Eagle Owl (Bubo bubo) used as a decoy, placed 
close to their nests (25–50 m). To prevent nest abandon-
ment, birds were only trapped in the late stage of incu-
bation or when they had small nestlings (from 20 May 
to 20 June, approximately). Birds were tagged using 5-g 
datalogger (nanoFix-GEO + RF tags from PathTrack Ltd., 
Leeds, United Kingdom). Tags were programmed to col-
lect GPS locations every 15 min from 06:00 h to 20:00 h 
(local hour) during May, June and July, and every 30 min 
with no off periods during August and September. Data-
logger tags were affixed to the back of birds using a Tef-
lon harness, a non-abrasive material (e.g. Kenward 2001), 
which was sew with a cotton thread in a single point to 
enable its liberation when the thread is wear out (both 
the tag and the harness). Weight of datalogger was 
below the recommended 5% of bird’s body mass (Ken-
ward 2001; mean percentage ± SD = 4.04 ± 0.42%, n = 20, 
range = 3.38–4.95%). Birds were released in a maximum 
of 40  min after capture and they were visually tracked 
to make sure that they resumed their normal activities. 
We did not observe any adverse effect of the devices on 
behaviour or reproduction for tagged birds that remained 
in the study area.

With 24 tagged Lesser Kestrels, good quality data were 
obtained from 20 individuals (Table  1), with an average 
of 48 ± 27 tracking days during the breeding season and 
1432 ± 801 locations/individual. For the other 4 individu-
als, data have been obtained for a very few days (#16413 
and #16416 only 1 day being tracked, and #16667 and 
#16675 2 and 5  days respectively) due to device failure, 
death of the individual or abandonment of the study area. 
Data of these individuals were not used in the analyses 

to avoid an underestimation of the breeding area. The 
data of the tags were collected through mobile UHF data 
reception stations. For the analysis we only have con-
sidered the dates in which the individuals remain in the 
breeding area, discarding the locations corresponding to 
the premigratory movements on account of their leaving 
from the breeding area (García 2000).

Distance to the nest and home range
We calculated the distance to the nest position of every 
recorded location of all Lesser Kestrels. Besides consid-
ering the whole study period, we have used July 15 (date 
from which it can be assured that the chicks have become 
independent in our colonies and therefore the parents do 
not need to feed them) as separation in dates to evaluate 
possible differences in the travelled distances. The home 
range of each individual was estimated using fixed kernel 
method (Worton 1989), including all GPS locations avail-
able for the study period. We calculated the 95%, 75% and 
50% fixed kernels using the Animal Movement exten-
sion for ArcView 3.2 (Hooge and Eichenlaub 1997) and 
the least squares cross-validation procedure to calculate 
the smoothing parameter H (Silverman 1986). Fixed ker-
nel estimators are widely used in the literature and allow 
comparison with similar studies (Worton 1989; Mel-
lone et al. 2011; Limiñana et al. 2012; Gustin et al. 2017). 
We also calculated the 100% minimum convex polygon 
(MCP) for each breeding area of each Lesser Kestrel. The 
real size of home ranges was estimated transforming the 
polygons to an Equal-Area Cylindrical projection.

Habitat selection
To describe the habitat use within the home ranges, we 
used the CORINE 2012 land cover map provided by the 
European Environment Agency (https​://www.eea.europ​
a.eu/data-and-maps/data/clc-2012-raste​r). To estimate 
the habitat availability within the areas of the two colo-
nies and to evaluate whether Lesser Kestrels are found in 
certain habitats more frequently than expected by their 
availability we performed a habitat selection analysis. We 
calculated the percentage of every habitat type within the 
combined MCP, which represents the maximum poten-
tial area. Data of each colony were treated separately, 
so we evaluated the differences in habitat availability 
between the two colonies using the Chi squared test in 
contingency tables. We generated 40,000 random points 
within these combined MCPs and we assigned the corre-
sponding habitat type to every random point and to every 
location recorded during the breeding season. To deter-
minate habitat preferences we used Monte Carlo simula-
tions (Manly 1997; Soutullo et  al. 2008; Limiñana et  al. 
2011; López-López et al. 2016), comparing the frequency 
of real observed locations with the expected frequencies 

https://www.eea.europa.eu/data-and-maps/data/clc-2012-raster
https://www.eea.europa.eu/data-and-maps/data/clc-2012-raster
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according to random locations. These expected frequen-
cies were calculated by sampling the same number of real 
locations from the generated random points; this process 
was repeated 1000 times using the “shuffle rows” option 
in Excel’s PopTools add-in (Hood 2010). With Monte 
Carlo analysis the observed values (selected as depend-
ent range) were compared against the 1000 replicated of 
expected values (selected as test values). These analyses 
were conducted using Excel’s PopTools and were per-
formed separately for each colony. Comparisons were 
two-tailed and significance level was established at 
p < 0.05.

We grouped the land cover classes (“CLC”) with 
assigned values into eleven categories to facilitate the 
interpretation of the results: artificial surfaces (CLC 
codes: 112, 121, 131 and 133), non-irrigated arable land 
(CLC code: 211), permanently irrigated land (CLC code 
212), vineyards (CLC code: 221), arboreal crops (CLC 
codes: 222 and 223), pastures (CLC code: 231), heteroge-
neous agricultural areas (CLC codes: 242 and 243), for-
ests (CLC codes: 312 and 313), scrub and/or herbaceous 
vegetation associations (CLC codes: 321, 323 and 324), 
sparsely vegetated areas (CLC code: 333) and water bod-
ies (CLC code: 512). We also calculated the number of 
locations that were within the ‘Los Alhorines’ SPA.

Statistical analysis
To evaluate the effect of the colony of origin and the sex 
in the spatial parameters (distance to the nest and home 
ranges) we used Linear Mixed Models (LMMs). The dis-
tances to the nest and the different measurements of the 
home range areas (kernel estimations and MCP) were 
included as dependent variables and a model was devel-
oped for each one. In the case of the distances we used 
the whole dataset of locations and for the home range 
areas we used the corresponding for each individual. The 
variables “colony” and “sex” were considered as fixed fac-
tors, and the “individual” and “year” as random factors.

All statistical analyses (including t-Student tests to 
evaluate differences between some parameters, descrip-
tive statistics and Chi squared tests) were performed 
with IBM SPSS Statistics ver. 22.0. Significance level was 
established at p < 0.05 and the results are presented as 
mean ± standard deviation (SD).

Results
Data have been obtained for 20 individual breeding 
areas, with a total of 28,645 locations (10,577 in the 
thermosolar power plant colony and 18,068 in the tow-
ers). The tracking days for the individuals of the thermo-
solar power plant colony were on average 59 ± 30 with 
2003 ± 1099 locations/individual, and 42 ± 25  days with 
1310 ± 769 locations/individual for the individuals of the 

other colony. There were no significant differences for the 
number of tracking days (t = 1.326, p = 0.202) and for the 
locations per individual (t = 1.629, p = 0.121) between 
colonies.

The average distance to the nest obtained for each indi-
vidual is shown in Table 1, with maximum distances that 
ranged between 28.17  km (one male from the thermo-
solar power plant colony) and 5.37 km (one male from the 
colony of the towers). Some 39.73% of obtained locations 
were at a distance < 1 km from the nest (25.36% of loca-
tions at < 500  m from the nest); between 1–3  km there 
were 27.46% of them and between 3–10  km there were 
31.75%. Only 1.06% of locations were recorded > 10  km 
from the nest. If we consider separately the locations 
from the thermosolar power plant colony and from the 
colony of the towers with nest-boxes, significant dif-
ferences are observed between the frequencies of each 
colony (χ2 = 1801.94, df = 3, p = 0.001). Individuals from 
the thermosolar power plant had a higher frequency of 
locations between 3 and 10 km, whereas in the other col-
ony the higher frequency was at < 1 km (Fig. 1). However, 
according to the results of the LMM, distances to the nest 
during the study period did not show significant differ-
ences in relation to the colony (Table 2). Likewise, no dif-
ferences were found in relation to sex (Table 2).

Considering the distances before July 15, there were 
significant differences with the distances to the nest in 
relation to the colony of the individuals according to the 
results of the LMM (Table  2), having a greater average 

Fig. 1  Frequency of locations in relation to the distance from the 
nest. The results are indicated for the two studied colonies
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distance the Lesser Kestrels from the thermosolar power 
plant (2.79 ± 2.69 km against 1.71 ± 2.29 km of the indi-
viduals from the other colony). For distances after July 
15, there were no significant differences neither in rela-
tion to the colony nor sex for any of the two time periods 
(Table 2).

The average size of home range areas was 13.37  km2 
according to 95% kernel, 2.98  km2 for 75% kernel, 
1.28 km2 for 50% kernel and 122.91 km2 for MCP (Table 1 
shows the results for each individual). Although accord-
ing to the LMMs, there were no significant differences 
for the 75% and 50% kernels areas and MCP in relation to 
colony and to sex, the differences were significant for the 
95% kernel areas in relation to colony (Table 2): the indi-
viduals from the thermosolar power plant colony used a 
larger area (22.03 ± 4.07 km2; Fig. 2a, b) than those from 
the other colony (9.66 ± 7.68 km2; Fig. 2c, d). The largest 
area (according to 95% kernel) registered was 27.11 km2 
(one male from the thermosolar power plant) and the 
smallest was 1.67 km2 (one female from the towers with 
nest-boxes).

According to the land cover within the combined MCP, 
there were differences in the habitat availability between 
the two colonies ( χ2

10
 = 3154.24, p < 0.001), although the 

differences were in the frequencies of each habitat type 

and not in the categories (Table 3). In both colonies, the 
non-irrigated arable lands was the most abundant habi-
tat, which was used more frequently than expected from 
their availability by birds from the thermosolar power 
plant and from the colony of the towers (71.35% and 
51.99% of locations respectively; Table 3). Lesser Kestrels 
also showed preference for pastures and for the surfaces 
where the colony was located: an artificial area (the farm-
house) and scrub and/or herbaceous vegetation asso-
ciations (in this category are included the slopes of dry 
reservoir that were revegetated especially to imitate areas 
of scrub and fallow). In contrast, vineyards and arboreal 
vegetation were avoided (Table 3). Only 13.2% of all loca-
tion were within the ‘Los Alhorines’ SPA.

Discussion
Two are the main results of the study that we comment 
here: the home range size of Lesser Kestrel in this colo-
nies of eastern Spain and the possible effects that the 
anthropization (the thermosolar power plant) of the 
landscape could cause in the spatial ecology of this spe-
cies, since the type of habitat that surrounds the colonies 
of Lesser Kestrel affects its home range and this is of great 
importance for its conservation (Tella et al. 1998; De Fru-
tos et  al. 2010). The largest home ranges used by birds 
from the thermosolar power plant colony, could be due 
to the influence that the infrastructure has on this colony, 
in combination with the anthropized environment where 
the plant is and the differences in habitat cover, with less 
availability of suitable patches for foraging. When they 
are in a favourable habitat, the flight distances are lower 
(Bustamante 1997; Tella et  al. 1998; Catry et  al. 2013), 
and in our study the frequency of locations at greater dis-
tances from the nest is higher in the thermosolar power 
plant colony, with also greater distances than those of the 
individuals from the other colony (located in a natural 
landscape) before July 15, when they need more quantity 
of preys to feed the chicks. Coinciding with Vlachos et al. 
(2015), we have not observed differences in the foraging 
areas and distances to the nest between sexes, although 
other studies have found a spatial segregation, with males 
foraging closer to the colony than females (Hernández-
Pliego et al. 2017).

Despite these differences between the colony located 
beside the thermosolar power plant and the other in a 
natural environment, both the home ranges of one and 
another are smaller than or similar to those observed 
in other European colonies. Using the same methodol-
ogy and considering the 95% kernel as a representative 
approach to area size, Gustin et  al. (2017) recorded in 
Italy home ranges of 41.4 and 46.5  km2 in two colo-
nies with a partially suitable landscape composed of 
non-irrigated arable lands and pseudo-steppes. There 

Table 2  Linear mixed models of distance to nest and home 
range size

Degrees of freedom (df), F value and p value are shown for each LMM

Variable Factor df F value p value

Distance to nest (overall period) Intercept 1.33 29.461 < 0.001

Colony 15.58 4.167 0.059

Sex 17.79 0.435 0.519

Distance to nest before 15 July Intercept 1.59 69.312 0.026

Colony 15.82 7.430 0.015

Sex 16.13 0.268 0.612

Distance to nest after 15 July Intercept 8.974 38.809 < 0.001

Colony 8.929 0.014 0.909

Sex 8.971 0.199 0.666

K95% Intercept 16 49.170 < 0.001

Colony 16 6.758 0.019

Sex 16 0.563 0.464

K75% Intercept 16 16.924 0.001

Colony 16 0.454 0.510

Sex 16 1.287 0.273

K50% Intercept 16 27.965 < 0.001

Colony 16 1.294 0.272

Sex 16 0.645 0.434

MCP Intercept 16 19.863 < 0.001

Colony 16 0.490 0.494

Sex 16 0.639 0.436
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are other studies that use different methods to esti-
mate the home ranges, so they are not directly com-
parable, but they give an idea of the size of the areas. 

Vlachos et  al. (2015) observed home ranges over 
25  km2 for males and 17  km2 (95% MCP) for females 
in an intensively cultivated area of central Greece. In 

Fig. 2  Home ranges of Lesser Kestrels tracked by GPS satellite telemetry during the breeding season. The minimum convex polygon and the 95% 
kernel are shown. Upper panels: individuals from the thermosolar power plant colony: a males, b females. Lower panels: individuals from the towers 
colony: c males, d females. The habitat type was obtained from CORINE 2012 land cover map

Table 3  Habitat included within  the  combined MCP obtained for  Lesser Kestrels from  two different colonies 
and the percentage of locations in each habitat type

p value for the comparison between the observed locations and random points is indicated. (+), habitat is selected; (−), habitat is avoided

Habitat type Thermosolar colony Towers colony

% Surface % locations 
of birds

p value % Surface % locations 
of birds

p value

Artificial surfaces 3.54 6.74 < 0.001 (+) 2.48 0.69 < 0.001 (−)

Non-irrigated arable land 27.97 71.35 < 0.001 (+) 32.55 51.99 < 0.001 (+)

Permanently irrigated land 4.13 3.04 < 0.001 (−) 1.32 0.09 < 0.001 (−)

Vineyards 9.19 3.02 < 0.001 (−) 14.47 4.52 < 0.001 (−)

Arboreal crops 6.19 1.17 < 0.001 (−) 8.24 4.71 < 0.001 (−)

Pastures 0.68 1.19 < 0.001 (+) 1.89 9.54 < 0.001 (+)

Heterogeneous agricultural areas 18.34 9.56 < 0.001 (−) 10.43 1.21 < 0.001 (−)

Forests 11.49 1.09 < 0.001 (−) 15.66 1.53 < 0.001 (−)

Scrub and/or herbaceous vegetation 
associations

17.85 2.83 < 0.001 (−) 12.71 20.82 < 0.001 (+)

Sparsely vegetated areas 0.55 0.00 – 0.18 0.01 –

Water bodies (dry reservoir) 0.10 0.01 – 0.09 4.90 < 0.001 (+)
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Portugal the estimated home ranges in pseudo-steppes 
characterized by traditional extensive cereal cultiva-
tion were lower than 20  km2, whereas they were sig-
nificant larger, around 144  km2, in unsuitable habitat 
with abandoned cultivations and forested areas (Catry 
et  al. 2013). These differences according to the land-
scape have been also reported in colonies in Spain, with 
home ranges of 12.3  km2 in traditional agro-grazing 
systems and 63.6  km2 in an intensively cultivated area 
(Tella et  al. 1998). The estimated home range sizes in 
our study area (on average 22.03 and 9.66  km2) sug-
gest that despite the impact and proximity of the ther-
mosolar power plant, Lesser Kestrels continue to have 
adequate habitats and a good availability of prey, show-
ing the possible coexistence of new human infrastruc-
tures and Lesser Kestrels. As a compensatory measure 
of the environmental impact caused by the thermo-
solar power plant, the owner company bought the sur-
rounding territories to guarantee that they maintained 
the traditional cultivation of cereals and fallows, thus 
maintaining the habitat used by the species. However, 
this positive situation may change with the replacement 
of grain fields and changes in land use that are occur-
ring in the region, and the consequent reduction of 
suitable habitats. The Lesser Kestrels of these colonies 
preferably use non-irrigated arable land and pastures, 
where they find a large number of insects, but many of 
these are being replaced by vineyards. These changes in 
land use alter the habitat and the types of prey that can 
be found (Ursúa et  al. 2005; García et  al. 2006; Catry 
et  al. 2012, 2014) and in addition, the vineyards imply 
an added danger due to the increasingly used cultiva-
tion technique in espalier, with wires to hold the vines 
against which the Lesser Kestrels and other birds can 
collide. Therefore, managing these lands around the 
colonies is of great importance for the conservation of 
this species (Donázar et al. 1993; Bustamante 1997; De 
Frutos et al. 2010).

Birds of prey usually select the more profitable areas 
as foraging habitats based on the availability and/or 
accessibility of their main prey items (see Village 1982; 
Cody 1985). For aerial hunters, such as Lesser Kestrels, 
the access to prey may be affected by vegetative cover of 
the habitat (Shrubb 1980; Bechard 1982; Toland 1987; 
Smallwood 1988). Consequently, capture success by 
aerial hunters should be favored in sites in which access 
to prey depends not only on its abundance but also on 
certain vegetation structure parameters (Rodríguez 
et  al. 2014), apart from the type of hunting behaviour 
preceding the attack (Vlachos et  al. 2003). Therefore, 
the combination of both factors (prey abundance and 
vegetation structure) may determine the preference for 
certain types of habitat. This highlights the importance 

of conserving the suitable habitats for the species in 
an increasingly anthropized landscape (Franco and 
Sutherland 2004; García et al. 2006).

The small percentage of locations within the ‘Los 
Alhorines’ SPA indicates that it is necessary to modify 
its extension. The criteria used to delimit the bounda-
ries of SPAs are frequently unclear and sometimes 
potentially inappropriate, using for example the nest 
distribution with a certain boundary around the nest 
(Guixé and Arroyo 2011). However, management for 
conservation of a species should take into account its 
foraging needs as well as its nesting habitat (Martin and 
Possingham 2005).

Conclusions
In summary, although there are differences in the home 
ranges between the two colonies, the sizes are smaller 
than or similar to those observed in other European colo-
nies. This suggests that Lesser Kestrels continue to have 
adequate habitats and a good availability of prey, despite 
the proximity and extension of the thermosolar power 
plant. In conclusion, we can say that the impact of an 
infrastructure can be minimized if special measures are 
taken to maintain the rest of the territory in good condi-
tion, as it has been done here. In many cases the impact 
of the work itself is seen in a restricted area and the envi-
ronment is neglected, producing negative effects that 
could be alleviated.
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