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Abstract
Diet, prey availability, and breeding success were studied in a population of Bonelli's eagle (Hieraaetus fasciatus) in the province
of Granada, SE Spain. The densities of the main prey species, European wild rabbit (Oryctolagus cuniculus), red-legged partridge
(Alectoris rufa), wood pigeon (Columba palumbus), and rock dove (Columba livia), representing 90.2% of the biomass, were analysed in 19 territories occupied by pairs of Bonelli's eagles and 15 potential territories that were unoccupied but appropriate for
nesting. We found no signi®cant dierences in prey density between the two types of territories. Contrary to other raptor species,
we found no signi®cant relationship between the density of their main prey species and the distance of the neighbouring pairs, either
between that density and breeding success. These ®ndings, together with the prior knowledge of nest-site selection of this eagle in
the study area, can be used for proper planning of conservation strategies. These should avoid unnecessary eort to increase the
eagle's food supply, and should promote the reintroduction of individuals to suitable sites for Bonelli's eagle. # 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction
For most raptors, breeding density is limited by the
availability of appropriate nesting sites (Newton, 1979),
and food supply (Gargett, 1975; Newton et al., 1977;
DonaÂzar and Ceballos, 1989; DonaÂzar et al., 1993).
Dierential reproductive success among habitats corresponding to variations in prey density has also been
reported in dierent raptor species (Janes, 1985).
Bonelli's eagle (Hieraaetus fasciatus) is an endangered
European raptor (Rocamora, 1994), and population
declines have been con®rmed in numerous European
countries (Cugnase, 1984; Palma et al., 1984; Hallmann,
1985; Arroyo et al., 1995). This eagle, which has a
highly disjunct global distribution (Cramp and Simmons, 1980), is a very scarce European species, and
80% of the European population is located in Spain
(Real et al., 1997). In this country the nesting population has declined by 25% during the period 1980±1990
(Arroyo et al., 1995).
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Reviews of dietary studies of Bonelli's eagle show a
great variability in prey, depending on the habitat
occupied and the available prey species (Cheylan, 1977;
Simeon and Wilhelm, 1988). In the Iberian Peninsula,
the European wild rabbit (Oryctolagus cuniculus), the
red-legged partridge (Alectoris rufa), and pigeons
(Columba spp.), are the main prey species (GarcõÂa, 1976;
Jordano, 1981; Real, 1987; Gil-SaÂnchez et al., 1994),
together representing most of the consumed biomass
during the breeding season (Real, 1987). Despite agreement between studies on diet, conclusions regarding the
in¯uence of food supply in the ecology of the Bonelli's
eagle are contradictory. Simeon and Wilhelm (1988)
suggest that a shortage in prey does not in¯uence
reproductive success, and that food plays little part in
the decline of this species. For other authors, the low
productivity is related to a decrease in main prey species
(Cheylan, 1981; Cugnase, 1984; Real, 1987). Although
no study has examined the in¯uence of prey abundance
on the distribution and breeding success of this eagle,
con¯icting conservation measures have been proposed
concerning the increase of prey availability in some
Bonelli's eagle populations (Blanco and GonzaÂlez, 1992;
FernaÂndez et al., 1993; Real and ManÄosa, 1997).
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Here we present data on Bonelli's eagle diet, the densities of its main prey species, and breeding success in
the southeastern Iberian Peninsula, in order to determine whether prey availability limits the distribution
and breeding performances of the species. This information is important for the proper planning of conservation strategies.
2. Methods
2.1. Study area
A population of 19 neighbouring Bonelli's eagle pairs
was studied in the province of Granada, southeastern
Spain, during 1994±1998. The region is largely mountainous, with the greatest altitude range of the Iberian
Peninsula (0±3482 m a.s.l.) although, in the study area,
the population ranges between 570 and 1490 m a.s.l.
The climate is typically Mediterranean, with mean
minimum temperatures ranging from 0.5 to 6.5 C in
winter (January), mean maximum temperatures from 28
to 34.5 C in summer (July), and mean annual rainfall
from 375 to 850 mm (30-years standard meteorological
average; Font, 1983). The vegetation consists of evergreen oak (Quercus rotundifolia), scrub and some pine
(Pinus spp.) mixed with cultivated areas of cereals and
trees in the foothills, plains and valleys.
2.2. Diet
The diet of seven selected pairs of eagles was analysed
in the breeding season (February±May) during two
consecutive years (1997±1998). For dietary analysis,
some authors recommend the exclusive use of pellets
rather than uneaten remains to avoid overestimating
birds (Real, 1996), as the legs and feathers of bird are
easier to ®nd than the remains of mammals and reptiles.
Nevertheless, other studies argue that larger prey tend
to appear with greater frequency in pellets, because
several pellets can contain scraps of the same individual
prey (Rosenberg and Cooper, 1990). Finally, some
authors recommend the combined use of both pellets
and remains (Watson et al., 1992a; OroÂ and Tella,
1995). We followed this third option collecting under
nests and perches, and estimating the biomass of each
prey from published data (for birds: Cramp and Simmons, 1980; Cramp, 1985±1992; Cramp and Perrins,
1994), and original data from our study area for reptiles and mammals. For rabbits we assigned weight
means according to three size categories (250, 750 and
1250 g) proposed by DonaÂzar and Ceballos (1989),
including in the middle category those remains that
did not allow an estimate of individual size. Food
diversity was calculated with the Shannon-Weaber
(1963) index.

2.3. Prey availability and eagle territories
To determine the in¯uence of prey availability on the
distribution of the Bonelli's eagle, we studied the abundance of the main prey species (rabbits, partridges and
pigeons) in up to 19 randomly selected occupied territories and 15 unoccupied territories (potential territories
without previous known occupation), from a clumped
population in the study area of 34 occupied territories
and c. 20±30 unoccupied territories. As usual among birds
of temperate areas, most raptors breed during only part
of the year, when food is most readily available (Newton, 1979). Thus, densities of the main prey species of
the Bonelli's eagle were studied in the breeding season in
occupied and unoccupied territories of the population.
This comparison has been possible because in the province of Granada the nesting clis do not appear to be
limiting, and the population of Bonelli's eagle has
remained stable since 1980 (Arroyo et al., 1995). Three
apparently abandoned territories were not included in
the analysis as unoccupied ones because we know that
human disturbance (shooting, road construction)
caused the abandonment (Ontiveros, 1997). The size of
an occupied territory was taken to be a circle of radius
equal to half the average distance between nests of the
neighbouring pairs (Gilmer and Stewart, 1984; Rich,
1986; GonzaÂlez et al., 1992). The size of unoccupied
territories was calculated in the same way.
The unoccupied territories were located on maps
1:50000 of the Cartographic Service of the Spanish
Army, using co-ordinates selected at random. In Spain,
Bonelli's eagle nests most frequently in clis and rarely
in trees (Arroyo et al., 1995). Therefore, we excluded
unoccupied territories that lacked appropriate nesting
clis. Appropriate nesting clis had to satisfy the following conditions: being higher than 20 m, having cavities or ledges, located below 1500 m a.s.l. (altitudinal
distribution limit of the Spanish population; Arroyo et
al., 1995), being >500 m from an urban centre, being
separated by a minimum of 5.8 km from the closest
occupied nest of Bonelli's eagle (minimum distances
found in the study area), and at least 2.2 km from the
closest occupied nest of the golden eagle (Aquila chrysaetos) to avoid the eect of possible competition (FernaÂndez and Insausti, 1990).
Line transects were used to provide an index of prey
abundance in each territory (Watson et al., 1992b). This
method is eective for comparing the densities of abundant species between dierent zones and periods (Telleria, 1986), and to determine abundance of prey species
of raptors (Fitzner et al., 1977), being less dicult to
perform than absolute density methods, and equally
useful (Caughley, 1977). Diurnal surveys have proved
useful for censusing rabbits in Spain, where this prey
species is abundant (Soriguer et al., 1997; Serrano,
1998). Although primarily nocturnal, rabbits also show
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substantial diurnal activity (Soriguer, 1981, Moreno et
al., 1996); thus, we deemed the diurnal rabbit census to
be a more realistic estimate of prey availability for a
strictly diurnal raptor such as Bonelli's eagle.
One census a year was taken along a 5-km stretch in
each territory. They were taken in dierent zones in
1997 and 1998 to provide independent data, but possible spatial correlation was investigated in an analysis of
variance model that treated year as repeated measures.
As recommended by TellerõÂa (1986), the censuses were
performed by an observer on foot, between 0600 and
0930 h, on days of good visibility, walking at a speed of
1.5±2.0 km/h, during the period February±April. Censuses during May were avoided, when demographic
explosions of rabbits occur in the Mediterranean area
(Cheylan, 1977; Soriguer, 1981).
Habitat in¯uences prey abundance, and the structure
of the vegetation may also in¯uence prey capture as well
as prey detection (Janes, 1985); therefore, the length of
the censuses was distributed proportionally over the
surface area of the habitats in each territory (Caughley,
1977). Prey abundance was measured recording all main
prey species in each transect as the mean for individuals
per kilometre of census.
2.4. Breeding density and breeding success
We studied the relationships between breeding density
and breeding performance of the Bonelli's eagle pairs
with the availability of their main prey in territories.
The distance from the most frequently used nest of a
breeding pair to the nearest nest belonging to another
pair (from a matrix of 1919 cases), was used as inverse
measure of breeding density (DonaÂzar et al., 1993).
When two nests were closer to one another than either
was to a third (3 out of 19 nests) we avoided the same
measure being used twice by using the second nearest
nest distance. To evaluate breeding success, we used
the average productivity for each pair, de®ned as the
number of ¯edglings raised per number of years
monitored (DonaÂzar et al., 1993). Productivity values
were available for the 19 breeding pairs of this study
for ®ve years (1994±1998). Because of the high availability of nesting clis in the area, and the diculty of
observations in some rugged territories, we excluded
from analysis dubious cases of reproduction failure (9
out 95 cases).
3. Results
There was no dierence in captured-prey frequency
between the samples from 1997 and 1998 (prey items
captured in only one year pooled as ``other prey'';
G=11.36, 7 df, p=0.12), and therefore, the data from
both years were grouped for analysis.
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Eighteen dierent prey species were detected in the
diet of Bonelli's eagle, and diet diversity was rather low,
H=1.83. The European wild rabbit, the red-legged
partridge, the wood pigeon, and the rock dove were the
main prey, with 83.3% of the frequency and 90.2% of
biomass (Table 1). Thus, we censused only these four
prey species for calculating prey availability in each territory. The total number of these main prey species
recorded per kilometre of census stabilised consistently
after 6±8 km (Fig. 1). Therefore, we can consider the
sample size sucient to assure the precision of results in
each territory (TellerõÂa, 1986).
Table 2 shows the abundance values of the main prey
species of the Bonelli's eagle for occupied and unoccupied territories. The values of the standard deviation
approached or exceeded the mean values, suggesting
very variable prey abundance when all 19 occupied territories were considered (Fig. 1). After Bonferroni
sequential correction (Rice, 1989), no signi®cant dierences appeared for any of these prey species, although
the greater abundance of partridges in the occupied territories was nearly signi®cant. When the abundance of
main prey species were pooled, we also failed to ®nd
signi®cant dierences between occupied and unoccupied
territories, treating year as repeated measures (RMANOVA, F  3:99; p  0:06), or between year (RMANOVA, F  0:027; p  0:87), and no signi®cant
interaction was found between year and occupancy of
territories (RMANOVA, F  2:38; p  0:13).
The breeding success for the study population during
the 1994±1998 period was 1.420.38 ¯edglings per year
(n  19). The mean distance between neighbouring pairs
(inverse measure of breeding density) was 10.063.25
km (range=5.8±16 km; n=19; Fig. 2). Neither the
breeding density, nor the breeding success was related to
the abundance of main prey in the territories, even when
the four main prey species were pooled in the analysis
(Table 3; Fig. 2).

4. Discussion
The present analysis of the Bonelli's eagle diet shows
low diversity during the breeding season, when compared with the same parameter in other regions of the
Western Mediterranean (southeastern France: H=2.06,
Clouet and Goar, 1984; northeastern Spain: H=2.13,
Real, 1987). This is probably due to the lower richness
in prey species in the study area (only Mediterranean
species) when compared with the other two northernmost regions (where Mediterranean and Eurosiberian
species meet; Gasc, 1997; Hagemeijer and Blair, 1997).
Although rabbits are the basic prey for other Mediterranean raptors (Delibes and Hiraldo, 1981), our
results emphasise the greater importance of birds for
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Bonelli's eagle, as has also been found in other studies
of this species (Clouet and Goar, 1984; Real, 1987).
The breeding season of the Bonelli's eagle is the earliest among all the Mediterranean eagles, with most of
the young leaving the nest in May (Arroyo et al., 1995).
During the breeding season (February±May) the abundance of rabbits in the territories appears to decrease
(Cramp and Simmons, 1980), but it increases sixfold
from May onwards in the Mediterranean area (Cheylan,
1977; Cramp and Simmons, 1980; Soriguer, 1981).
Table 1
Dietary composition of Bonelli's eagle in the province of Granada (SE
Spain) over the breeding season
Prey

Fa

%Fb

%Bc

Mammalia
Oryctolagus cuniculus
Lepus granatensis
Aves
Alectoris rufa
Columba palumbus
Columba livia
Falco tinnunculus
Apus apus
Clamator glandarius
Prunella modularis
Sturnus unicolor
Emberiza spp.
Pica pica
Corvus monedula
Corvus spp.
Unidenti®ed paserines
Unidenti®ed birds
Reptilia
Lacerta lepida
Coluber hippocrepis
Total

72
69
3
114
58
22
11
2
2
1
1
1
1
1
1
1
6
6
6
4
2
192

37.50
35.94
1.56
59.38
30.21
11.46
5.73
1.04
1.04
0.52
0.52
0.52
0.52
0.52
0.52
0.52
3.13
3.13
3.12
2.08
1.04

53.75
46.55
7.20
45.55
29.41
11.10
3.09
0.54
0.09
0.16
0.02
0.09
0.02
0.23
0.25
0.43
0.11

a
b
c

0.70
0.45
0.25

F=frequency of prey.
%F=percentage frequency.
%B=percentage biomass.

Consequently, the frequency of rabbits in the diet of this
raptor is low in the breeding season (4.7%: Suetens and
Groenendael, 1969; 37.2%: GarcõÂa, 1976; 9.6%: Clouet
and Goar, 1984; 23.6%: Real, 1987; 35.9%: this study),
compared with year-round data (41.4%: Jordano,
1981; 39.8%: Gil-SaÂnchez et al., 1994). This rabbit
shortage during the breeding season is oset by a
greater presence of birds in the diet (81.3%: Suetens and
Groenendael, 1969; 40.1%: GarcõÂa, 1976; 49.5%: Real,
1987; 59.3%: this study) with respect to other large
eagles.
Our results on rabbit densities are similar to those
made with line transects in winter and spring in ecologically similar zones by Serrano (1998). This supports
the view that rabbit abundance is low in the breeding
season, and that Bonelli's eagle territories are not based
on the abundance of this prey species (Table 2). Partridges are the most frequent bird in the diet and tended
to be more abundant in occupied than in unoccupied
eagle territories (Table 2), which suggests that, in this
zone, they replace rabbits as prey during the nestling
period.
The diet of the Bonelli's eagle is adapted to taking the
most abundant prey available in each region (Cramp
and Simmons, 1980). This eagle can even raise nestlings
almost without rabbits as prey (Simeon and Wilhelm,
1988), and can radically modify the diet according to
the season (Cheylan, 1977). Such adaptability is possible
because of the special wing morphology of the eagle,
which has a low aspect ratio compared with other large
raptors (Parellada et al., 1984), making it agile and swift
in ¯ight (Janes, 1985). This also accounts for the pronounced variability in prey abundance among occupied
territories (Fig. 1), and for the fact that Bonelli's eagles
can maintain its breeding performance regardless of
main prey availability (Table 3).
The proximity of the pairs was not determined by the
abundance of their main prey species, in contrast to
other raptor species that have a clear relationship
between the food and breeding density (Galushin, 1971;
Table 2
Comparative abundance (individuals/km) on the main prey species of
the Bonelli's eagle between occupied and unoccupied (potential) territories in Granada (SE Spain)a

Oryctolagus cuniculus
Alectoris rufa
Columba palumbus
Columba livia
a

Fig. 1. Mean number of observed individuals of the prey species per
unit of line transect (1 km) according to sample size.

p*b

Occupied
territories
(n=19)
x-SD

Unoccupied Z
territories
(n=15)
x-SD

p

0.210.29
2.051.31
0.930.76
0.540.83

0.260.31
1.040.75
0.700.57
0.410.31

0.37 n.s.
0.016 n.s.
0.47 n.s.
0.25
n.s

ÿ0.88
ÿ2.39
ÿ0.71
ÿ1.21

The values are compared with Mann±Whitney U test.
p*=signi®cance corrected with post-hoc Bonferroni sequential
adjustments.
b
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Gargett, 1975; Newton et al., 1977; Watson et al.,
1992b). This would be also explained by their unspecialised diet, because in raptors with a wide range of prey
species, habitat selection is less speci®cally tied to the
abundance of prey (Janes, 1985).
In summary, (1) rabbits, partridges and pigeons were
the main prey species in the diet of Bonelli's eagle in the
study area; (2) the availability of these prey diered
markedly among occupied territories; (3) occupied and
unoccupied territories did not dier in the abundance of
these prey; and (4) the breeding density and breeding
performances were independent of the abundance of the
main prey species. Thus, given the eclectic diet of this
raptor, there is no reason to suspect that the abundance
of the main prey limits its distribution, abundance, or
productivity. The main prey are largely taken because of
their greater abundance in the area. Although, therefore, the Spanish populations of golden and Spanish
imperial eagles depend basically on rabbits for food,
and despite periodic decreases due to myxomatosis,
these raptors are now in recovery (Arroyo et al., 1990;
Ferrer, 1993). However, Bonelli's eagle (a less rabbit-
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dependent species) is currently declining sharply in
population (Rocamora, 1994; Arroyo et al., 1995; Real
et al., 1997).
According to our data, factors other than prey shortage appear to be more directly related to the decrease of
the populations of this raptor (see also Simeon and
Wilhelm, 1988), such as human disturbance in territories. Three out of four ¯edglings radio-tracked in the
study area during 1996 and 1997 died by shooting
within 60 days (Ontiveros, unpub. data). Data from the
Raptor Rehabilitation Center (RRC) ``Las Mimbres''
(ConsejerõÂa de Medio Ambiente, Andalusia) also indicate that shooting is the main cause of mortality, with
25 injured Bonelli's eagles (8 adults and 17 juveniles)
from 1985 to 1996 in the study area, and a very low
survival rate in the reintroduced specimens of this eagle
(F. Aranda, pers. comm.). In their review on the survival rate of dierent species from RRC reintroduced in
the ®eld in Spain, Asensio and Barbosa (1990) depict a
hopeless panorama. A further cause of mortality is
electrocution by power lines (Real and ManÄosa, 1997).
In our study area, nest-site availability is not a limiting
factor for the species, given that we found at least 15
unoccupied territories, although we suspect that the
high mortality between ¯edgling and adulthood precludes their occupation.
Some authors have proposed measures to increase
prey availability for conservation of Bonelli's eagle
(Blanco and GonzaÂlez, 1992; FernaÂndez et al., 1993;
Real and ManÄosa, 1997), but if, as our results suggest,
prey availability is not the factor limiting its distribution
and breeding, it would seem that the main problem is its
high mortality, which has resulted in 116 abandoned
territories in Spain from 1980 to 1990 (Arroyo et al.,
1995). Rather, its recovery would bene®t from informing the public, and especially hunters, on the conservational crisis of this eagle. Additional bene®t would come
from the design of an adequate programme of reintroduction to abandoned or unoccupied territories with
individuals coming from RRC. This latter programme
should consider (1) the importance of the availability of
Table 3
Correlation values between the abundance of main prey species in the
Bonelli's eagle territories (mean numbers of individuals/km of census)
and (1) the distance of the nearest pair (inverse measure of breeding
density) and (2) to the average number of ¯edglings raised per year
(productivity)

Fig. 2. Relationship between main prey abundance (kilometric index
of abundance; rabbits, partridges and pigeons grouped) in territories
of Bonelli's eagle, and the distance between the nearest neighbouring
pairs (inverse measure of breeding density), and the productivity
(average number of ¯edglings raised per year), in the province of
Granada (SE Spain).

Prey abundance

Breeding density
r
p

Productivity
r
p

Oryctolagus cuniculus
Alectoris rufa
Columba palumbus
Columba livia
Main prey pooled

ÿ0.07a
ÿ0.22
ÿ0.21
ÿ0.19
ÿ0.26

ÿ0.04a
ÿ0.17
ÿ0.05
ÿ0.16
ÿ0.02

a

Spearman rank correlation.

0.76
0.35
0.38
0.44
0.28

0.86
0.49
0.83
0.51
0.92
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suitable nesting clis in territories (Ontiveros, 1999), (2)
territories without dangerous power lines (Bevanger,
1994), and (3) the importance of avoiding dispersal
from suitable territories (when higher mortality occurs)
of released individuals. The last can be achieved by
proper techniques which enable raptors to became
established in a given area (Cade, 1974), or by liberating
young to achieve independence on their own through
``hacking back'' technique (Newton, 1979), thereby
minimising mortality.
Acknowledgements
We thank J.A. HoÂdar, E. MõÂnguez, J. Real, Ph.
Whit®eld, and an anonymous referee, for reviewing the
original manuscript and providing valuable suggestions.
Also we thank DelegacioÂn Provincial de la ConsejerõÂa
de Medio Ambiente de Granada, and F. Aranda, who
provided us access to many data of this eagle in the
study area.

References
Arroyo, B., Ferreiro, E., Garza, V., 1990. El AÂguila real (Aquila chrysaetos) en EspanÄa. Serie TeÂcnica, ICONA. Madrid.
Arroyo, B., Ferreiro, E., Garza, V., 1995. El AÂguila Perdicera (Hieraaetus fasciatus) en EspanÄa. Censo, reproduccioÂn y conservacioÂn.
Serie TeÂcnica, ICONA. Madrid.
Asensio, B., Barbosa, A., 1990. La readaptacioÂn al medio natural de
las rapaces liberadas de centros de rehabilitacioÂn, seguÂn muestran
las recuperaciones de aves anilladas. Ecologia 4, 223±228.
Bevanger, K., 1994. Bird interactions with utility structures: collision
and electrocution, causes and mitigating mesasures. Ibis 136, 412±
425.
Blanco, J.C., GonzaÂlez, J.L., 1992. Libro rojo de los vertebrados de
EspanÄa. ColeccioÂn TeÂcnica, ICONA, Madrid.
Cade, T.J., 1974. Plans for managing the survival of the Peregrine
Falcon. In: Hamerstrom Jr F.N., Harrel, B.E., Olendor, R.R.
(Eds.), Management of Raptors, Raptor Res. Rep. No. 2, Vermillion, SD, USA, pp. 89±104.
Caughley, G., 1977. Analysis of Vertebrate Populations. Wiley and
Sons, London.
Clouet, M., Goar, J.L., 1984. Relation morphologie-eÂcologie entre
l'Aigle Royal (Aquila chrysaetos) et l'Aigle de Bonelli (Hieraaetus
fasciatus). EspeÂces sympatriques dans le midi de la France. Rapaces
MediterraneÂens 2, 109±119.
Cugnase, J.M., 1984. L'Aigle de Bonelli (Hieraaetus fasciatus) en
Languedoc-Roussillon. Nos Oiseaux 37, 223±232.
Cheylan, G., 1977. La place trophique de L'aigle de Bonelli (Hieraaetus fasciatus) dans les biocenoses mediterraneÂennes. Alauda 45,
1±15.
Cheylan, G., 1981. Sur le roÃle deÂterminant de l'abondance des ressouces dans le succeÃs de reproduction de l'Aigle de Bonelli (Hieraaetus
fasciatus) en Provence. Rapaces MediterraneÂens. PNRC et Annales
du CROP 1, 95±99.
Cramp S. (1985-1992). The Birds of the Western Palearctic. Oxford
University Press, Oxford (Vol. IV±VI).
Cramp, S., Perrins, C.M., 1994. The Birds of the Western Palearctic.
Vol. VIII-IX. Oxford University Press, Oxford.

Cramp, S., Simmons, K.L., 1980. The Birds of the Western Palearctic.
Vol. II. Oxford University Press, Oxford.
Delibes, M., Hiraldo, F., 1981. The rabbit as prey in the Iberian
Mediterranean ecosystem. In: Myers, K., MacInnes, C.D. (Eds.),
Proceedings of the World Lagomorph Conference Held in Guelph,
Ontario 1979, University of Guelph, pp. 614±622.
DonaÂzar, J.A., Ceballos, O., 1989. Selective predation by eagle Owls
Bubo bubo on Rabbits Orictolagus cuniculus: age and sex preferences. Ornis Scandinavica 20, 117±122.
DonaÂzar, J.A., Hiraldo, F., Bustamante, J., 1993. Factors in¯uencing
nest site selection, breeding density and breeding success in the bearbed
vulture (Gypaetus barbatus). Journal of Applied Ecology 30, 504±514.
FernaÂndez, C., Insausti, J.A., 1990. Golden eagles take up territories
abandoned by Bonelli's eagles in Northern Spain. Journal of Raptor
Research 24, 124±125.
FernaÂndez, A., De La Torre, J.A., Ansola, L.M., 1993. El AÂguila de
Bonelli (Hieraaetus fasciatus) en Burgos. SituacioÂn, reproduccioÂn,
alimentacioÂn suplementaria y problemaÂtica. ConsejerõÂa de Medio
Ambiente, Junta de Castilla y LeoÂn, Valladolid.
Ferrer, M., 1993. El AÂguila Imperial. Quercus, Madrid.
Fitzner, R.E., Rogers, L.E., Uresk, D.W., 1977. Techniques useful for
determining raptor prey species abundance. Journal of Raptor
Research 11, 67±71.
Font, I., 1983. Atlas climaÂtico de EspanÄa. Instituto Nacional de
MeteorologõÂa, Madrid (43 pp).
Galushin, V.M., 1971. A huge urban population of birds of prey in
Delhi, India. Ibis 113, 522.
GarcõÂa, L., 1976. ReproduccioÂn del AÂguila perdicera (Hieraaetus fasciatus) en la Sierra de Cabo de Gata de AlmerõÂa. BoletõÂn de la
EstacioÂn Central de EcologõÂa 5, 83±92.
Gargett, V., 1975. The spacing of black eagles in the Matopos, Rhodesia. Ostrich 46, 1±44.
Gasc, J.P., 1997. Atlas of Amphibians and Reptiles in Europe. SEH
and MNHN, Paris.
Gil-SaÂnchez, J.M., Molino-Garrido, F., Valenzuela-Serrano, G., 1994.
ParaÂmetros reproductivos y alimentacioÂn del AÂguila real (Aquila
chrysaetos) y del AÂguila perdicera (Hieraaetus fasciatus) en la provincia de Granada. Aegypius 12, 47±51.
Gilmer, D.S., Stewart, R.E., 1984. Swainson's kawk nesting ecology in
North Dakota. Condor 86, 12±18.
GonzaÂlez, L.M., Bustamante, J., Hiraldo, F., 1992. Nesting habitat
selection by the Spanish imperial eagle Aquila adalberti. Biological
Conservation 59, 45±50.
Hagemeijer, W.J.M., Blair, M.J., 1997. The EBCC Atlas of European
Breeding Birds. T.&A.D. Poyser, London.
Hallmann, B., 1985. Status and conservation of birds of prey in
Greece. In: Newton, I., Chancellor, R.D. (Eds.), Conservation Studies on Raptors, Technical Publication, vol. 5, pp. 55±59.
Janes S.W., 1985. Habitat selection in raptorial birds. In: M.L. Cody,
(Ed.), Habitat Selection in Birds, Academic Press. New York, pp.
159±187.
Jordano, P., 1981. Relaciones interespecõÂ®cas y coexistencia entre el
AÂguila real (Aquila chrysaetos) y el AÂguila perdicera (Hieraaetus
fasciatus) en Sierra Morena Central. Ardeola 28, 67±88.
Moreno, S., Villafuerte, R., Delibes, M., 1996. Cover is safe during the
day but dangerous at night: the use of vegetation by European wild
rabbits. Canadian Journal of Zoology 74, 1656±1660.
Newton, I., 1979. Population Ecology of Raptors. T.&A.D. Poyser,
Calton.
Newton, I., Marquiss, M., Weir, D.N., Moss, D., 1977. Spacing of
Sparrowhawk nesting territories. Journal of Animal Ecology 46,
425±441.
Ontiveros, D., 1997. PeÂrdida de haÂbitat del AÂguila perdicera en la
provincia de Granada. Quercus 135, 16±19.
Ontiveros, D., 1999. Selection of nest cli by Bonelli's eagle (Hieraaetus
fasciatus) in southeastern Spain. Journal of Raptor Research 33,
110±116.

D. Ontiveros, J.M. Pleguezuelos / Biological Conservation 93 (2000) 19±25
OroÂ, D., Tella, J.L., 1995. A comparison of two methods for studying
the diet of Peregrine Falcon. Journal of Raptor Research 29, 207±210.
Palma, L., Cancelada, F., Oliveira, L., 1984. L'alimentation de l'Aigle
de Bonelli (Hieraaetus fasciatus) dans la coÃte portugaise. Rapinyaires Mediterranis 2, 87±96 (CRPR, Barcelona).
Parellada, X., De Juan, A., Alamany, O., 1984. Ecologia de l'aliga
cuabarrada (Hieraaetus fasciatus): factors limitants, adaptacions
morfoloÂgiques i ecoloÂgiques i relacions interespecõÂ®ques amb l'aliga
daurada (Aquila chrysaetos). Rapinyaires Mediterranis 2, 121±141.
Real, J., 1987. EvolucioÂn cronoloÂgica del reÂgimen alimenticio de una
poblacioÂn de Hieraaetus fasciatus en Catalunya: factores causantes,
adaptacioÂn y efectos. Supplementi Ricerca Biologica Selvaggina 12,
185±205.
Real, J., 1996. Biases in diet study methods in the Bonelli's eagle.
Journal of Wildlife Management 60, 632±638.
Real, J., Palma, L., Rocamora, G., 1997. Hieraaetus fasciatus Bonelli's
eagle. In: Hagemeijer, W.J.M., Blair, J.M. (Eds.), The EBCC Atlas
of European Breeding Birds. Their Distribution and Abundance,
London, pp. 174±175.
Real, J., ManÄosa, S., 1997. Demography and conservation of Western
European Bonelli's eagle Hieraaetus fasciatus populations. Biological Conservation 79, 59±66.
Rice, E, 1989. Analyzing tables of statistical test. Evolution 47, 223±
225.
Rich, E., 1986. Habitat and nest site selection by burrowing owls in
the sage bush steppe of Idaho. Journal of Wildlife Management 50,
548±555.
Rocamora, G., 1994. Bonelli's eagle Hieraaetus fasciatus. In: Tucker,
G.M., Heath, M.F. (Eds.), Birds in Europe, their Conservation

25

Status. Birdlife International, Birdlife International, Cambridge,
pp. 184±185.
Rosenberg, K.V., Cooper, R.J., 1990. Approaches to avian diet analysis. Studies Avian Biology 13, 80±90.
Serrano, D., 1998. Diferencias interhaÂbitat en la alimentacioÂn del
BuÂho Real (Bubo bubo) en el valle medio del Ebro (NE de EspanÄa):
efecto de la disponibilidad de conejo Orycytolagus cuniculus.
Ardeola 45, 35±46.
Shannon, C., Weaber, C., 1963. The Mathematical Theory of Communication. University Illinois Press, Urbana.
Simeon, D., Wilhelm, J.L., 1988. Essai sur l'alimentation annuelle de
l'Aigle de Bonelli (Hieraaetus fasciatus) en Provence. Alauda 56,
226±237.
Soriguer, R.C., 1981. BiologõÂa y dinaÂmica de una poblacioÂn de conejos
(Oryctolagus cuniculus) de AndalucõÂa occidental. DonÄana, ActaVertebrata 8, 1±377.
Soriguer, R.C., PeÂrez, J.M., Fandos, P., 1997. TeorõÂa de censos: aplicacioÂn al caso de los mamõÂferos. Galemys 9, 15±37.
Suetens, W., Groenendael, V., 1969. Notes sur l'ecologie de l'aigle de
Bonelli (Hieraaetus fasciatus) et de l'aigle BotteÂ (Hieraaetus pennatus) en Espagne meÂridional. Ardeola 15, 19±36.
Telleria, J.L., 1986. Manual Para el Censo de los Vertebrados Terrestres. Raices, Madrid.
Watson, J., Leitch, A.F., Broad, A., 1992a. The diet of the Sea Eagle
Haliaeetus albicilla and Golden Eagle Aquila chrysaetos in western
Scotland. Ibis 134, 27±31.
Watson, J., Rae, S.R., Stillman, R., 1992b. Nesting density and
breeding success of golden eagles in relation to food supply in
Scotland. Journal of Animal Ecology 61, 543±550.

