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ABSTRACT 

We studied the diet and behaviour of Mediterranean Golden Eagle (Aquila chrysaetos 

homeyeri Severtzov, 1888) in Central Spain by analysing 106,292 images obtained from 

motion-activated cameras installed at 24 nests during the breeding season of 2017 and 2018. 

A total of 32 different prey species were identified, being the European rabbit, the Iberian hare 

and the Common Wood Pigeon the most frequently consumed preys. Mammals were the most 

important prey group, both in terms of frequency and useable biomass, even though they 

were less important than in other regions of the species distribution area. 

Adult behaviour results showed that both, females and males, delivered preys to the nests in a 

similar proportion, while some differences were observed in type, age and size of the preys 

captured by each sex. In addition, as the eaglets grew, the biomass provided by both sexes 

decreased significantly. Furthermore, the amount of biomass delivered to nests with two 

eaglets was significantly higher than that delivered to nests with one eaglet. Finally, females 

were almost entirely in charge of attending the eaglets at the nest, reducing this activity as 

chicks got older. 

In addition, diet composition varied depending on the altitude and predominant land use of 

the territory. For example, the number of mammals delivered to the nests decreased 

significantly with increasing altitude, while the total biomass supplied remained constant. This 

can be explained as adults delivered less number of artiodactyls (with higher useable biomass) 

at higher altitudes and more lagomorphs (with lower useable biomass) at lower altitudes. Prey 

diversity was also higher at greater altitudes, which was explained, in part, by the higher 

diversity of reptiles delivered. In relation to land use, Mediterranean Golden Eagles showed a 

more generalist diet in those territories where their traditional preys (i.e. European rabbit, 

Red-legged Partridge) were scarce. 

Ultimately, this study provides new evidence about the remarkable resilience of 

Mediterranean Golden Eagle in the Iberian Peninsula, having adapted its diet in territories 

where deep changes in prey availability have taken place. Thus, some preys with little 

historical importance for the species, such as roe deer, seem to be a key component of their 

diet nowadays.  

Key words: Iberian Peninsula, motion-activated camera, biomass, prey, land use, altitude. 



viii 
 

  



ix 
 

Título: Estudio de la dieta y el comportamiento del águila real mediterránea (Aquila chrysaetos 
homeyeri Severtzov, 1888) durante el período de cría en el centro de España. 

Autor: José Martel Serrano. 

Directora: Marta Peláez Beato. 

Codirectora: María Moreno López. 

Tutor: Alfonso San Miguel Ayanz. 

Departamento: Departamento de Sistemas y Recursos Naturales. 

RESUMEN 

El presente estudio sobre el águila real mediterránea (Aquila chrysaetos homeyeri Severtzov, 

1888) se ha llevado a cabo en el centro de la península ibérica, mediante el análisis de 106.292 

imágenes obtenidas con cámaras de fototrampeo instaladas en 24 nidos durante los períodos 

reproductores de 2017 y 2018. Así, el estudio de la composición de la dieta ha revelado que los 

mamíferos son el grupo de presas que es más frecuentemente consumido por esta especie, 

aunque tienen menor importancia que en otras regiones de su área de distribución. Los 

reptiles parecen tener una destacable relevancia en ambientes mediterráneos, como es el caso 

de la zona de estudio. De este modo, se han identificado 32 especies presa, siendo las especies 

más frecuentemente consumidas el conejo de monte, la liebre ibérica y la paloma torcaz. Con 

respecto a la biomasa aportada al nido, los lagomorfos son el grupo más importante, 

destacando también el corzo, que podría tratarse de una presa clave para el águila real 

mediterránea durante la cría de los pollos, en aquellos hábitats en los que es abundante y sus 

presas más habituales escasean. 

En cuanto al comportamiento de los adultos, se han estudiado los diferentes roles de macho y 

hembra con relación al aporte de presas al nido y el cebado de los pollos, además de analizar 

las diferencias entre nidos con uno y dos pollos. Así, este estudio reveló que machos y 

hembras aportaron presas en una proporción similar, debido a que cuando se instalaron las 

cámaras los pollos ya tenían entre 40 y 45 días, momento en el que generalmente las hembras 

dejan de pasar tanto tiempo en el nido y colaboran más intensamente en el aporte de comida. 

Se observó que las hembras, de mayor tamaño que los machos, capturaron presas más 

pesadas, que necesitaban ser procesadas antes de ser llevadas al nido. Mientras tanto, la 

proporción de presas enteras aportadas por los machos fue mayor, ya que éstas fueron 

normalmente más ligeras. Además, la cantidad de biomasa aportada al nido tanto por 

hembras como por machos disminuyó significativamente según crecían los pollos. También se 

observó que la cantidad de biomasa aportada a nidos con dos pollos fue significativamente 

mayor en comparación con nidos con un pollo. Por último, las hembras ocuparon el rol del 

cebado de los pollos, cuya frecuencia disminuyó al aumentar la edad de éstos.  
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Por último, también se ha estudiado la variación en la composición de la dieta en relación a la 

altitud y el uso del suelo predominante de los territorios estudiados. De este modo, se ha 

observado que la dieta de esta especie presenta importantes variaciones intrapoblacionales en 

relación a las características del hábitat. Así, se observó que el número de mamíferos 

disminuyó significativamente cuanto mayor era la altitud, aunque sin variaciones en la 

cantidad de biomasa aportada al nido, ya que según disminuía la importancia de los 

lagomorfos (con menor biomasa), aumentaba la del corzo (con mayor biomasa). La diversidad 

de presas fue superior a mayores altitudes, debido, en parte, a la mayor diversidad de reptiles. 

Asimismo, los diferentes usos del suelo también influyeron en la composición de la dieta del 

águila real mediterránea, con un carácter más generalista en aquellas zonas donde escasean 

sus presas preferidas (el conejo de monte, la perdiz roja,…). 

En definitiva, este estudio proporciona nuevas evidencias sobre la gran resiliencia del águila 

real mediterránea en la península ibérica, habiendo adaptado su dieta en territorios donde se 

han producido profundos cambios con relación a la disponibilidad de presas. Así, presas hasta 

ahora poco importantes históricamente, como el corzo, parecen tener un papel fundamental 

hoy en día. 

Palabras clave: península ibérica, cámaras de fototrampeo, biomasa, presa, uso del suelo, 

altitud. 

  



xii 
 

 



Diet of the Mediterranean Golden Eagle (Aquila chrysaetos homeyeri Severtzov, 1888) and adult behaviour during 
the breeding season in Central Spain. 

  

JOSÉ MARTEL SERRANO 1 

 

TABLE OF CONTENTS 

INTRODUCTION ........................................................................................................ 5 

MATERIALS AND METHODS ...................................................................................... 8 

Literature review ....................................................................................................................... 8 

Aequilibrium Project ................................................................................................................. 9 

Study area ................................................................................................................................. 9 

Data collection ........................................................................................................................ 11 

Data analysis............................................................................................................................ 12 

Dietary composition analysis ............................................................................................................. 12 

Adult behaviour analysis .................................................................................................................... 14 

Dietary changes in relation to altitude and land use ......................................................................... 15 

Comparison with other studies ......................................................................................................... 16 

RESULTS ................................................................................................................. 16 

Literature review ..................................................................................................................... 16 

Aequilibrium Project ............................................................................................................... 22 

Dietary composition analysis ............................................................................................................. 22 

Adult behaviour analysis .................................................................................................................... 25 

Dietary changes in relation to altitude and land use ......................................................................... 29 

DISCUSSION ........................................................................................................... 38 

Dietary composition ................................................................................................................ 38 

Adult behaviour analysis ......................................................................................................... 39 

Dietary changes in relation to altitude and land use .............................................................. 43 

AKNOWLEDGEMENTS ............................................................................................. 47 

BIBLIOGRAPHY ....................................................................................................... 48 

APPENDIXES ........................................................................................................... 54 

INFORME TÉCNICO ................................................................................................. 58 

1.1. Cronograma de tareas ...................................................................................................... 61 

1.2. Costes del estudio ............................................................................................................ 62 

1.2.1. Coste final ................................................................................................................................ 63 

PÓSTER .................................................................................................................. 64 

 



Diet of the Mediterranean Golden Eagle (Aquila chrysaetos homeyeri Severtzov, 1888) and adult behaviour during 
the breeding season in Central Spain. 

  

JOSÉ MARTEL SERRANO 2 

 

FIGURES 
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according to eaglet’s age (in days) and depending on the active cameras per day. B. Useable 

biomass provided to the eaglets by females (in blue), males (in green) and unidentified 

individuals (in orange) in Mediterranean Golden Eagle nests (n=24) in Central Spain, during two 

consecutive breeding seasons (2017 and 2018), according to eaglet’s age (in days) and 
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INTRODUCTION 1 

The Golden Eagle (Aquila chrysaetos Linnaeus, 1758) is an emblematic bird of prey with 2 

high ecological and cultural importance that can be found throughout the whole Holarctic 3 

region. Recently, a growing interest has been raised towards one of its subspecies, the 4 

Mediterranean Golden Eagle (Aquila chrysaetos homeyeri Severtzov, 1888), as new genetic 5 

studies questioned the historical taxonomic classification that divided Golden Eagle 6 

populations in 6 different subspecies (Nebel et al., 2015; Nebel et al., 2019). Therefore, when 7 

studying the genetic structure of the species only two distinct mtDNA lineages were identified, 8 

revealing a Holarctic homogeneity and a distinct Mediterranean lineage. Mediterranean 9 

Golden Eagle distribution is confined to the Mediterranean region with an estimated 10 

population of 5,000 breeding pairs (Birdlife International, 2015) compared to the 200,000 11 

mature individuals estimated for the whole species (Birdlife International, 2016). Therefore, 12 

more research is needed to understand the biology of this subspecies in order to design 13 

effective conservation plans that ensure a future for Mediterranean Golden Eagles. 14 

One of the most important aspects of the biology of a species is its diet. Studies regarding 15 

the food habits of the Mediterranean Golden Eagle may be key for a better understanding of 16 

its ecology (Sánchez-Zapata et al., 2010), enabling experts to identify, manage and protect 17 

main prey populations and habitats (Bravo et al., 2015), making it possible to develop effective 18 

conservation strategies (Bedrosian et al., 2017). The diet of the Golden Eagle has been studied 19 

all over its distribution range and includes a great variety of different prey species (Kochert et 20 

al., 2002; Collins and Latta, 2009; Bedrosian et al., 2017). This top predator is able to catch 21 

prey items of very different sizes, but the optimum range consists on medium-sized species 22 

weighing between 0.5 kg and 5 kg (Delibes et al., 1975; Watson, 1998; Kochert et al., 2002). 23 

However, they are also able to feed on larger prey (Watson, 1998; Sulkava et al., 1998; Collins 24 

and Latta, 2009) or carrion (Watson et al., 1993; Kochert et al. 2002; Sánchez-Zapata et al., 25 
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2010; Bedrosian et al., 2017), so they can be described as both generalist and opportunistic 26 

predators (Bedrosian et al., 2017). 27 

Data about this raptor food habits in the Iberian Peninsula mainly comes from research 28 

developed during the second half of the last century (Delibes et al., 1975; Jordano, 1981; 29 

Fernández and Leoz, 1985; Fernández and Purroy, 1990; Rico and Martín, 1998). Afterwards, 30 

most studies have been carried out in the South of Spain (Sánchez-Zapata et al., 2010 in 31 

Murcia and Bautista et al., 2016 in Andalusia), while very little research has been done in the 32 

Centre of the Iberian Peninsula, even though it concentrates a high percentage of the Spanish 33 

breeding pairs (Del Moral, 2009; Blanco et al., 2017). Furthermore, this region has experienced 34 

some important changes in terms of prey availability over the past two decades. On the one 35 

hand, there has been a systematic decrease of small game species, such as the European 36 

rabbit (Oryctolagus cuniculus Linnaeus, 1758) (Gálvez-Bravo, 2017) and the Red-legged 37 

Partridge (Alectoris rufa Linnaeus, 1758) (SEO/BirdLife, 2012), due to diseases, habitat loss and 38 

over-hunting. On the other hand, there has been an unprecedented increase in roe deer 39 

(Capreolus capreolus Linnaeus, 1758) distribution and abundance (Mateos-Quesada, 2017). 40 

Therefore, more research is needed to understand how these changes in prey availability have 41 

affected Mediterranean Golden Eagle feeding ecology and the possible impact on the species’ 42 

reproductive success (Steenhof et al., 1997; Watson, 1998). 43 

Furthermore, the great majority of dietary studies carried out in Spain were based on prey 44 

remains and regurgitated pellets collected at nests during the breeding season or just after the 45 

young have abandoned the nest (Delibes et al., 1975; Jordano, 1981; Fernández and Leoz, 46 

1985; Fernández and Purroy, 1990). Also, information was gathered due to direct observation 47 

of individuals or by collecting and analysing material from perching sites (Rico and Martín, 48 

1998; Bautista et al., 2016). These methods have some drawbacks, as the results could be 49 

biased in favour of the most durable prey remains (Seguin et al., 1998; Marti et al., 2007; 50 
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Blanco et al., 2017). Also, the most frequent species are underestimated in comparison to rare 51 

species (Seguin et al., 1998) and the results will neither reflect the real importance of smaller 52 

prey items, such as small animals, nor pieces of larger ones or carrion (Seguin et al., 1998; 53 

Marti et al., 2007; Sánchez-Zapata et al., 2010; Blanco et al., 2017). 54 

In light of all this, this study aims to monitor breeding pairs in the Centre of the Iberian 55 

Peninsula using motion-activated cameras installed at the nests to record all preys delivered by 56 

the adults to the eaglets. Harrison et al. (2019) used both, this approach and the analysis of 57 

prey remains and pellets, and concluded that cameras had higher detection probabilities for 58 

many types of prey compared to the more traditional method. Thereby, information from both 59 

methods could be compared in order to improve accuracy when determining dietary 60 

composition (Longshore et al., 2017), as neither method is perfect, due to uncertainty in prey 61 

identification (Harrison et al., 2019). Furthermore, the use of motion-activated cameras is a 62 

cost-effective approach that could be useful not just to describe the diet of the Mediterranean 63 

Golden Eagle, but also to assess adult behaviour. 64 

Finally, this Thesis was based on the data obtained by the Aequilibrium Project, which 65 

monitored a total of 24 Mediterranean Golden Eagle´s nests with reproductive success during 66 

two consecutive breeding seasons, 2017 and 2018, in Central Spain. 67 

The main objectives of this study were: 68 

1) Perform a literature review of the Golden Eagle’s diet to be able to compare our 69 

results with studies of other populations across the species distribution area. 70 

2)  Assess the frequency of each prey species delivered to the eaglets, to then 71 

calculate the dietary breadth using Levins’ (1968) formula. In addition, the useable 72 

biomass will be estimated. 73 
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3) Assess some aspects of the adults’ behaviour. How important was each adult in 74 

prey delivery and eaglet feeding? Which type of prey was mostly delivered by each 75 

adult? How did prey deliveries vary according to sex and eaglets’ age? Were there 76 

significant differences in the number of preys delivered to the nest depending on 77 

brood size? And in terms of biomass? Did females feed the young with the same 78 

frequency as they grow? 79 

4) Study how the diet of the nesting pairs varied according to altitude and land use. 80 

MATERIALS AND METHODS 81 

Literature review 82 

The literature review aimed to find studies on Golden Eagle’s diet developed all over its 83 

distribution range, to then focus on those that were carried out in the Mediterranean Basin. 84 

We entered the following keywords and operators into the Web of Science search engine: TS = 85 

(“Aquila chrysaetos” SAME “Golden Eagle”) AND TS = (“diet” OR “ungulates” OR “pellets” OR 86 

“food habits”). A total of 187 peer-reviewed publications were obtained. After reading the title 87 

and abstract of each publication, we selected 26 research articles reporting across its 88 

distribution range. By scanning the citations in these articles, we were able to add 14 89 

additional publications. 90 

The studies selected during the literature review were used to describe this species diet. 91 

From those that included a more detailed information of the dietary composition (n=29 92 

articles), the following information was extracted: Source, Continent, Region (Country), Study 93 

period, Subspecies, Method, Number of nests, Number of prey items, Number of species, % 94 

Mammals, % Birds, % Reptiles and Diet breadth (Levins’ Index). The three most consumed prey 95 

species on each study were also summarized in two other tables (Appendix 1). 96 
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Aequilibrium Project 97 

The Aequilibrium Project (https://aequilibrium-project.org/) is an initiative that arose as a 98 

result of the partnership between a hunting association (Asociación del Corzo Español) and an 99 

environmentalist group (Grupo Tagonius). The project had a programmed duration of three 100 

years (2017, 2018 and 2019) and covered more than 30 Mediterranean Golden Eagle 101 

territories in Central Spain. Its main goal was to study this raptor ethology and food habits, 102 

focusing on how it has adapted to recent changes in prey availability and to determine the 103 

importance of roe deer fawns in its diet during the breeding season. In order to achieve its 104 

objectives, nests were monitored using an innovative technique as were motion-activated 105 

cameras. 106 

Study area 107 

The study was conducted in Central Spain, where a total of 24 Mediterranean Golden Eagle 108 

territories were monitored during the breeding seasons of 2017 (n=15) and 2018 (n=9).  The 109 

study area expanded over three Spanish Autonomous Communities: Madrid, Castilla y León 110 

and Castilla-La Mancha. In these regions, Del Moral (2009) estimated 17, 234-258 and 240-294 111 

Mediterranean Golden Eagle breeding pairs, respectively. The average altitude of the 112 

monitored territories was 1,031.48 m ± 50.19 (n=24 nests), with elevations ranging from 113 

570.09 to 1,550.74 m a.s.l. All territories were distributed over the Mediterranean 114 

biogeographic region, where the climate is characterised by humid, cool winters and hot dry 115 

summers, while average annual rainfall range varies between 600 and 1,200 mm/year but can 116 

be lower (European Environment Agency (EEA), https://www.eea.europa.eu). The great 117 

majority of the territories (n=19) were located in the supramediterranean bioclimatic stage, 118 

where vegetation consisted of Scots pine (Pinus sylvestris L.) and mountain pastures in the 119 

highest areas (>1000 m); black pine (Pinus nigra ssp. salzmannii (Dunal) Franco) or maritime 120 

pine (Pinus pinaster Aiton) monospecific forests in areas around 1000 m; and mosaic 121 

https://aequilibrium-project.org/
https://www.eea.europa.eu/
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landscapes in the lowest areas, with croplands, shrublands (Cytisus spp., Erica spp., Genista 122 

spp.), grasslands and patches of holm oak (Quercus ilex L.), Pyrenean oak (Quercus pyrenaica 123 

Willd.) or gall oak (Quercus faginea Lam.) (Corine Land Cover, https://land.copernicus.eu/pan-124 

european/corine-land-cover/clc2018; Ministerio para la Transición Ecológica de España, 125 

https://www.miteco.gob.es/es/). The rest of the territories (n=5) were situated in the 126 

mesomediterranean bioclimatic stage, where intensive agriculture dominated a landscape 127 

with disperse holm oak forests that were sometimes mixed with gall oak and stone pine (Pinus 128 

pinea L.). Shrublands were also important, with species like the yellow Mediterranean broom 129 

(Retama sphaerocarpa (L.) Boiss.) (Corine Land Cover; Ministerio para la Transición Ecológica 130 

de España). 131 

There was a pair who bred successfully both years, but each one of the other 22 nests 132 

belonged to a different pair. In 2017, 3 nests were placed on a tree and 12 on a cliff. In 2018, 2 133 

nesting pairs chose a tree and 7 of them a cliff. 134 

https://land.copernicus.eu/pan-european/corine-land-cover/clc2018
https://land.copernicus.eu/pan-european/corine-land-cover/clc2018
https://www.miteco.gob.es/es/
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Figure 1. Mediterranean Golden Eagle territories monitored during 2017 (in blue) and 2018 (in orange). In 2017, 

nests were located in Cuenca (n=2 nests), Guadalajara (n=3), Madrid (n=2), Soria (n=4), Segovia (n=2), between 

Guadalajara and Madrid (n=1) and between Segovia and Burgos (n=1). In 2018, nests were located in Madrid (n=5 

nests), Guadalajara (n=1), Toledo (n=1) and Soria (n=2). 

Data collection 135 

Monitoring started each year in February, by selecting the territories based on the courting 136 

activity of the breeding pairs. Afterwards, during March, the technicians identified the 137 

platforms that the breeding pairs had definitively chosen to establish their nest. In the Iberian 138 

Peninsula, egg laying takes place normally in March and then starts an incubation period that 139 

ends with the hatching of the eggs 41 to 45 days later (Arroyo, 2017). When the nestlings were 140 

between 40 and 45 days old (between May and June), a team composed by licensed bird 141 

ringers, veterinarians, rope-access technicians and other technicians visited the nest to mark 142 

them. This precise time was chosen because it is when the size of the eaglets’ metatarsal is 143 

almost definitive. While the nestlings were banded and measured, the rope-access technicians 144 

installed a motion-activated camera at the nest. The whole team was coordinated to minimize 145 
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eaglets handling time, which usually took less than 10-15 minutes from capture till the 146 

moment they were returned to the nest. 147 

Four different motion-activated camera models from BROWNING© were used: STRIKE 148 

FORCE HD, STRIKE FORCE ELITE, STRIKE FORCE HD PRO and SPEC OPS FULL HD. The devices 149 

were programmed to take three pictures when activated, each picture with a spacing time of 150 

20 seconds, and then a 5-minutes shutter delay in order to minimize the probabilities of 151 

getting the memory card filled with images of eaglets moving on the nest, while maximizing at 152 

the same time the probability of recording each prey delivery. The resolution of the pictures 153 

was set in 12 megapixels, so that the prey species were easier to identify in image review. 154 

Once the cameras were retrieved from the nests, all images were visually inspected by the 155 

same Aequilibrium Project technician, who recorded the following information: the sex of the 156 

adult that entered the nest, the date and the time the photograph was taken and the type of 157 

behavioural activity (prey delivery, adult roosting, feeding…). When a prey was delivered, the 158 

species, the percent of the total body mass delivered, the age group (adult or juvenile) and the 159 

status (alive or dead) were also registered. In some cases, the prey or the sex of the adult 160 

could not be assessed and was recorded as undetermined and unidentified, respectively. If the 161 

adult brought new vegetal material to the nest, the plant species was determined. 162 

Data analysis 163 

Dietary composition analysis 164 

Data of prey species obtained from the camera were analysed both, in terms of number of 165 

prey items and in terms of biomass. For the analysis, prey items were grouped in four different 166 

categories: mammals, birds, reptiles and undetermined prey. In addition, mammal group was 167 

further classified by order: lagomorphs, artiodactyls, carnivores and rodents. 168 
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Biomass of prey in Mediterranean Golden Eagle´s diet was estimated by multiplying the 169 

number of individuals of each prey species by the mean weight of that prey (Marti et al., 170 

2007). Thus, the adult body masses were mainly assessed using data from a previous 171 

Mediterranean Golden Eagle´s diet study in Navarra (Spain; Fernández and Leoz, 1985) and 172 

average weights from the Encyclopedia of Life (EOL; https://eol.org/). Reptiles were 173 

considered to have a mean weight of 200 g, as in Fernández and Leoz (1985). Body masses 174 

were determined more precisely for the most relevant adult and the heaviest juvenile prey 175 

species (when the adult’s weight was more than 500g). This was the case of the following 176 

species: Common Wood Pigeon (Columba palumbus Linnaeus 1758) (Murton et al., 2008; 177 

Purroy and Purroy, 2016), European rabbit (Webb, 1993; Gálvez-Bravo, 2017), Iberian hare 178 

(Lepus granatensis Rosenhauer, 1856) (Purroy, 2017), roe deer (Gaillard et al., 1993), red fox 179 

(Vulpes vulpes Linnaeus 1758) (Fairley, 1970), wild boar (Sus scrofa Linnaeus 1758) (Bauer et al. 180 

1998) and Iberian ibex (Capra pyrenaica Schinz, 1838) (Fernández-Arias et al., 2001). Then, the 181 

other juvenile’s body masses were considered to be one third of the adult’s biomass (when the 182 

adult’s weight was less than 500g). Prey items classified as undetermined prey were omitted 183 

from calculations. 184 

Once assessed, the body masses were reduced in a 50% when prey species were recorded 185 

as delivered to the nest partially. Useable biomass was then estimated to be an 80% of the 186 

body mass of prey species of less than 1 kg and a 70% of the body mass of prey species of 187 

more than 1 kg, as in Fernández and Leoz (1985). 188 

Overall analysis of data: the frequency of each prey item group (birds, mammals, reptiles 189 

and undetermined prey) would be presented in terms of both quantity and useable biomass, 190 

also addressing the most important prey species. In respect of mammals, frequencies of 191 

lagomorphs, artiodactyls, carnivores and rodents would be provided as well. In addition, all the 192 

species were classified into a table of contents. The following columns were stablished: 193 

https://eol.org/
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Frequency, Unit mass (adult) (in grams), Unit mass (juvenile) (in grams) and Total biomass 194 

consumed (quantity in grams and frequency). The diet breadth (B) was assessed using the 195 

Levins’ (1968) formula. 196 

Adult behaviour analysis 197 

The information obtained from the set of images recorded at each nest was used to study 198 

the adult behaviour during the nesting period. Parental roles in prey delivery, assistance to the 199 

eaglets and nest maintenance were compared, assessing more in detail how prey types varied 200 

with sex. We also analysed the relationship between type of prey and the time of the day (in 201 

hours) they have been brought to the nest by the adults. Then, we evaluated the temporal 202 

variation (i.e. as eaglets grow) in: 1) prey delivery (in terms of both quantity and useable 203 

biomass) and 2) female assistance to the eaglets, by tearing the prey into pieces and feeding 204 

them. In the first case, we studied if this relationship varied when accounting for adult sex or 205 

with the number of eaglets at the nest (1 or 2). The number of prey items or the biomass 206 

delivered to the nest each day was divided by the number of cameras that were active that day 207 

to control for monitoring effort. 208 

Therefore, we performed 2 linear models: with either the number of prey items or biomass 209 

delivered per day as response variables and adult sex, eaglets’ age and their interaction as 210 

predictors. Similarly, we performed two additional linear models by changing the predictor 211 

adult sex by number of eaglets at the nest. 212 

Finally, to study the temporal variation in the number of times females fed the eaglets as 213 

these grew, we performed a linear model with the number of times females fed the eaglets per 214 

day as response variable and the eaglets’ age as predictor. 215 
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Dietary changes in relation to altitude and land use 216 

The possible influence that altitude and land use may have in the nesting pairs’ diet was 217 

assessed by first stablishing the home range of a Mediterranean Golden Eagle in Central Spain. 218 

We used 3.483 ha, which was the value estimated and recommended by Rodríguez Sanz 219 

(2019). Once this was done, the mean altitude of each one of the 24 studied territories was 220 

calculated, using ArcGIS 10.5. (Esri, 2018), and classified into three altitude intervals: 400-800 221 

m, 800-1,200 m or 1,200-1,600 m. Then, using again ArcGIS 10.5., the landscape was classified 222 

according to the Spanish Forest Map (Mapa Forestal de España 1:50.000, Ministerio para la 223 

Transición Ecológica de España, 2006), establishing the following land use categories: Water 224 

bodies, Forest, Cropland, Urban Areas and Shrubland and Grassland (Appendix 2). Each 225 

Mediterranean Golden Eagle territory was assigned the land use that covered a 50% or more 226 

of its area: Cropland, Forest or Shrubland and Grassland. 227 

Once each territory was classified into an altitude interval and a land use category, prey 228 

species identified at each nest were classified attending to those attributes into two tables of 229 

contents, one for altitude range (400-800 m, 800-1,200 m and 1,200-1,600 m) and one for land 230 

use (Cropland, Forest and Shrubland and Grassland). The frequency of each prey item group 231 

(birds, mammals, reptiles and undetermined prey) would be presented in terms of both 232 

quantity and useable biomass for each altitude interval and land use category, also addressing 233 

the most important prey species in each case. In respect of mammals, frequencies of 234 

lagomorphs, artiodactyls, carnivores and rodents would be provided as well. The diet breadth 235 

(B) for each interval or category was also calculated by means of the Levins’ (1968) formula. 236 

We also evaluated the altitudinal variation in prey delivery (in terms of both quantity and 237 

useable biomass), studying if this relationship varied when accounting for type of prey. The 238 

number of prey items or the biomass delivered to the nest at each altitude was divided by the 239 

number of days the motion-activated camera was active. Therefore, we performed 2 linear 240 
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models: with either the number of prey items or biomass delivered per day as response 241 

variables and altitude and type of prey and their interaction as predictors. 242 

All analyses were performed using R Statistical Software Version 3.6.1. (R Development 243 

Core Team, 2018). 244 

Comparison with other studies 245 

In order to compare our results with other studies, the frequencies of the prey species 246 

identified in the images were assessed and then used to quantify the diet breadth (B) by 247 

means of the Levins’ (1968) formula: 248 

𝐵 =  1/ ∑ 𝑝𝑖  
2

𝑛

𝑖=1

 

Where 𝑝𝑖  is the frequency of occurrence of prey species 𝑖 in the diet. Values of niche 249 

breadth range from 1 to 𝑛 with 1 representing the narrowest value for food niche breadth. 250 

Prey items that were not determined were omitted from calculations. The Levins’ Index has 251 

been used in other studies on Golden Eagle’s diet included in the literature review but has 252 

never been used in Spain. It will be used to draw comparisons among not just those, but also 253 

with the rest of the studies, as the Index was calculated when necessary. 254 

RESULTS 255 

Literature review 256 

We retrieved a total of 28 articles describing the diet of different Golden Eagle populations 257 

across the whole range of the species distribution, from Eurasia to North America (Table 1). 258 

These studies used different methods to infer diet composition, being prey remains and pellet 259 

analysis the two most frequent (n=24 and n=17, respectively). Other methods used were 260 

motion-activated cameras (n=1), other types of video recording devices (n=2) and direct 261 

observation (n=4). Finally, the duration and the sampling intensity of these studies was also 262 
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highly variable, ranging from single-year studies to some lasting more than 20 years and from 263 

monitoring only one nest to more than 180 (Table 1).  264 

Golden Eagle diet has been widely studied in North America, where it consumed mainly 265 

small to medium-sized mammals, normally those that were more abundant in a particular 266 

region (Collins and Latta, 2009; Bedrosian et al., 2017), like hares (Lepus spp.), rabbits 267 

(Sylvilagus spp.) or ground squirrels (Spermophilus spp.) (Kochert et al., 2002; Bedrosian et al., 268 

2017; Harrison et al., 2019). They also fed on different bird species (Collins and Latta, 2009; 269 

Stahlecker et al., 2009; Preston et al., 2017) and reptiles (Steenhof and Kochert, 1988; Collins 270 

and Latta, 2009). Bigger mammals were as well part of their diet, such as mule deer fawns 271 

(Odocoileus hemionus Rafinesque, 1817) (Collins and Latta, 2009; Watson and Davies, 2015), 272 

pronghorn (Antilocapra americana Ord, 1815) (Deblinger and Alldredge, 1996; Bedrosian et al., 273 

2017; Preston et al., 2017) or young livestock (Stahlecker et al., 2009). Golden Eagle feeding on 274 

carrion has also been documented, mostly during the winter (Kochert et al. 2002, Bedrosian et 275 

al., 2017). 276 

Studies in Asia have shown that snakes were an important food resource for Golden 277 

Eagle’s diet in Japan and Iran, although small mammals and birds were the most consumed 278 

preys (Takeuchi et al., 2006; Shafaeipour, 2015). In addition, some domestic ungulates, such as 279 

lambs (Ovis spp.), have also been found at some nests in Iran (Qashqaei et al., 2016). On the 280 

contrary, larger prey species composed the diet of this raptor in Mongolia, where they fed on 281 

medium size predators and ungulates, like the Mongolian gazelle (Procapra gutturosa Pallas, 282 

1777) (Ellis et al., 2000).  283 

In Europe, the prey composition of Golden Eagle’s diet varied among regions (Watson et al. 284 

1993; Sulkava et al., 1998). In Sweden and Finland, they mainly fed on birds, which 285 

represented more than half of the prey adults brought to the nest, mostly tetraonids, like 286 

Capercaillies (Tetrao urogallus Linnaeus 1758) (Sulkava et al., 1984). In other regions, birds 287 
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were also a relevant part of Golden Eagle’s diet (Watson et al., 1993), but a remarkable 288 

amount of preys were medium-sized mammals, mainly lagomorphs, being their relative 289 

importance in Golden Eagle’s diet more than a 50% in some areas of Scotland (Watson et al., 290 

1992). Artic hares (Lepus timidus Linnaeus 1758) and European rabbits were the most common 291 

mammalian preys in many territories (Sulkava et al., 1984; Högström and Wiss, 1992; Watson 292 

et al., 1993; Whitfield et al., 2009). Reindeer fawns (Rangifer tarandus Linnaeus 1758) 293 

(Tjernberg, 1983; Sulkava et al., 1998; Nyström et al., 2006; Johnsen et al., 2007), red deer 294 

calves (Cervus elaphus Linnaeus 1758) (Watson et al., 1993; Whitfield et al., 2009), sheep (Ovis 295 

aries Linnaeus 1758) (Watson et al., 1993; Whitfield et al., 2009) and carrion (Watson et al., 296 

1993; Sánchez-Zapata et al., 2010) were also a noteworthy part of their diet in some European 297 

regions. 298 

The Mediterranean Golden Eagle was no exception and based its diet on lagomorphs, 299 

mainly European rabbits (Delibes et al., 1975; Jordano, 1981; Rico and Martín, 1998; Sánchez-300 

Zapata et al., 2010; Bautista et al., 2016; Arroyo, 2017; Blanco et al., 2017). However, in 301 

regions where European rabbits were not abundant, birds, reptiles and other mammals 302 

increased their importance, increasing diet breath (Fernández and Leoz, 1985; Fernández and 303 

Purroy, 1990; Bautista et al., 2016). Some of these species were the Iberian hare (Fernández 304 

and Leoz, 1985; Fernández and Purroy, 1990), the Red-legged Partridge (Delibes et al., 1975; 305 

Bautista et al., 2016) and certain pigeons (Columbidae spp.) (Sánchez-Zapata et al., 2010; 306 

Bautista et al., 2016) and corvids (Corvidae spp.) (Bautista et al., 2016), but also medium-sized 307 

carnivores, such as red foxes or beech martens (Martes foina Erxleben, 1777), which were 308 

relevant in some areas (Fernández and Leoz, 1985; Fernández and Purroy, 1990). Reptiles were 309 

important due to their abundance in the Mediterranean region, even though they do not 310 

usually represent a very high percentage in this raptor’s diet (Delibes et al., 1975; Fernández 311 

and Leoz, 1985; Fernández and Purroy, 1990; Sánchez-Zapata et al., 2010; Bautista et al., 312 
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2016). Moreover, as happened in other European regions, Asia and North America, the 313 

Mediterranean Golden Eagle was considered a facultative scavenger as part of its diet was 314 

carrion (Sánchez-Zapata et al., 2010; Bautista et al., 2016), and also fed on young ungulates. 315 

Thereby, some studies have found at some nests prey remains belonging to red deer (Cervus 316 

elaphus Linnaeus 1758), wild boar and Iberian ibex (Bernis, 1974; Fernández and Leoz, 1985).  317 
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Table 1. Summary of Golden Eagle breeding-season diet studies. Dietary breadth (B) was calculated using Levins’ 

formula. 

SOURCE CONTINENT REGION (COUNTRY) 
STUDY 
PERIOD 

SUBSPECIES METHOD 
NUMBER 

OF 
NESTS 

NUMBER 
OF PREY 
ITEMS 

NUMBER 
OF 

SPECIES 

%
 

M
A

M
M

A
LS

 

%
 B

IR
D

S 

%
 R

EP
TI

LE
S 

DIET 
BREADTH 

(B) 

Ellis et al., 
2000 

Asia 
Eastern Mongolia 

(Mongolia) 
1997 kamtschatica PR 2 78 17 80.8% 19.2% 0.0% 6.98 

Takeuchi et 
al., 2006 

Asia Akita (Japan) 2002-2003 japonica 
VR, DO, 

P 
21 - - - - - 1.16 - 3.75 

Shafaeipour, 
2015 

Asia Hamadan (Iran) 2011-2013 homeyeri PR, P, VR 7 316 10 44.0% 43.7% 11.4% 6.84 

Qashqaei et 
al., 2016 

Asia  Kurdistan (Iran) 2014 homeyeri PR 1 48 8 62.5% 20.8% 16.7% 5.00 

Bravo et al., 
2015 

North 
America 

Chihuahua (Mexico) 2010 canadensis 
PR, DO, 

P 
72 36 113 80.6% 16.7% 2.8%  2.134 

Steenhof and 
Kochert, 1988 

North 
America 

Idaho (U.S.A) 
1971, 

1973-1981 
canadensis PR, P 9 2,203 65 - - - 3.81 

Stahlecker et 
al., 2009 

North 
America 

Arizona, Utah and New 
Mexico (U.S.A) 

1998-2008 canadensis PR 182 660 22 87.0% 9.6% 3.3% 3.34 

Collins and 
Latta, 2009 

North 
America 

California (U.S.A) 2002-2006 canadensis PR 10 425 28 45.9% 52.2% 1.9% 3.77 - 7.11 

Watson and 
Davies, 2015 

North 
America 

Washington (U.S.A) 2007-2013 canadensis PR 36 244 43 56.4% 41.2% 1.6% 12.27   

Longshore et 
al., 2017 

North 
America 

California and Nevada 
(U.S.A) 

2014-2015 canadensis MAC 16 713 23 75.7% 4.9% 19.1% 2.77  

Preston et al., 
2017 

North 
America 

Wyoming (U.S.A) 2009-2015 canadensis PR 48 960 63 89.4% 9.7% 0.6% 1.915 

Sulkava et al., 
1984 

Europe 
Finnish reindeer area 

(Finland) 
1957-1966, 
1970-1975 

chrysaetos PR, P >50 3,766 17 40.1% 59.8% 0.2% 5.98 

Sulkava et al., 
1984 

Europe 
South of Finnish 

reindeer area (Finland) 
1957-1966, 
1970-1976 

chrysaetos PR, P >50 1,796 17 30.3% 59.8% 0.1% 5.59 

Högström and 
Wiss, 1992 

Europe Gotland (Sweden) 1978-1983 chrysaetos PR, P >3 652 41 70.6% 29.3% 0.2% 3.84 

Watson et al., 
1992 

Europe 
Western Scotland 

(Scotland) 
1980's chrysaetos PR, P 286  4707 183 71.8% 28.2% 0.0% 3.304 

Seguin et al., 
1998 

Europe Corsica (France) 
1992, 

1994-1995 
homeyeri PR, P 3 79 15 46.8% 19.0% 34.2% - 

Watson, 1998 Europe 
Scottish Islands 

(Scotland) 
1982-1985 chrysaetos P 26 112 133 70.6% 29.6% 0.0% 5.134 

Watson, 1998 Europe 
Scottish Islands 

(Scotland) 
1982-1985 chrysaetos P  23 85 103 67.1% 32.9% 0.0% 4.715 

Watson, 1998 Europe 
Scottish Islands 

(Scotland) 
1982-1985 chrysaetos P  29 143 143 85.4% 14.7% 0.0% 3.465 

Watson, 1998 Europe 
Western Scotland 

(Scotland) 
1982-1985 chrysaetos P  29 274 183 65.6% 33.5% 0.4% 7.245 

Watson, 1998 Europe 
Western Scotland 

(Scotland) 
1982-1985 chrysaetos P  38 148 163 64.2% 35.2% 0.7% 5.935 

Watson, 1998 Europe 
Western Scotland 

(Scotland) 
1982-1985 chrysaetos  P 25 177 193 64.3% 35.1% 0.6% 7.265 

Watson, 1998 Europe 
Western Scotland 

(Scotland) 
1982-1985 chrysaetos  P 16 47 93 76.6% 23.3% 0.0% 5.385 

Watson, 1998 Europe 
Eastern Scotland 

(Scotland) 
1982-1985 chrysaetos P  28 161 73 52.1% 47.8% 0.0% 2.445 

Watson, 1998 Europe 
Western Scotland 

(Scotland) 
1982-1985 chrysaetos P  3 109 163 64.7% 35.9% 0.0% 7.405 

1 Also data from other studies. 
2 Only active territories were taken into account. 
3 Prey items were not identified to the species level. 
4 Mammals and birds were grouped by family (and reptiles by order). 
5 Reptiles were grouped by order, leporids by genus and other birds and mammals by family. 
6 Hunting territories. 
7 Only the prey items collected during summer were taken into account. 
*DO = Direct observation, MAC = Motion-activated cameras, P = Pellets, PR = Prey remains, VR = Video recording. 
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Table 1 (continued). 

SOURCE CONTINENT REGION (COUNTRY) 
STUDY 
PERIOD 

SUBSPECIES METHOD 
NUMBER 

OF 
NESTS 

NUMBER 
OF PREY 
ITEMS 

NUMBER 
OF 

SPECIES 

%
 M

A
M

M
A

LS
 

%
 B

IR
D

S 

%
 R

EP
TI

LE
S 

DIET 
BREADTH 

(B) 

Sulkava et al., 
1999 

Europe 
South of the Finnish 

reindeer area (Finland) 
1957-1996 chrysaetos PR, P 1001 1,595 40 36.4% 63.3% 0.1% 4.88 

Sulkava et al., 
1999 

Europe 
Finnish reindeer area 

(Finland) 
1957-1996 chrysaetos PR, P 1001 5,309 67 47.7% 52.0% 0.2% 5.88 

Nyström et al., 
2006 

Europe 
Norrbotten County 

(Sweden) 
1998-2003 chrysaetos PR, P 23 324 14 31.5% 68.5% 0.0% 4.17 

Johnsen et al., 
2007 

Europe Finnmark (Norway) 2001-2006 chrysaetos PR, P 37 469 27 26.7% 73.3% 0.0% 3.31 

Whitfield et 
al., 2009 

Europe Mull (Scotland) 
1992, 

1999-2002 
chrysaetos PR 14 511 122 59.1% 38.4% 0.0% 4.873 

Whitfield et 
al., 2009 

Europe 
Lewis and Harris 

(Scotland) 
2002-2005 chrysaetos PR 24 597 122 41.2% 57.2% 0.0% 3.693  

Whitfield et 
al., 2009 

Europe Uists (Scotland) 2003-2006 chrysaetos PR 15 498 112 41.2% 57.2% 0.0% 4.753  

Clouet et al., 
2017 

Europe Corbieres (France) 2005-2014 homeyeri 
DO, PR, 

P 
71 108 21 63.0% 33.2% 3.7% 6.81 

Clouet et al., 
2017 

Europe 
Basque Country 

(France) 
2005-2009 homeyeri 

DO, PR, 
P 

61 235 28 51.1% 47.3% 1.3% 12.14  

Delibes et al., 
1975 

Europe Burgos (Spain) 
1969, 

1972-1974 
homeyeri PR, P 3 254 9 44.0% 43.0% 12.6% 6.23  

Delibes et al., 
1975 

Europe Cáceres (Spain) 1974 homeyeri PR, P 2 235 10 48.5% 29.8% 21.7% 3.67  

Delibes et al., 
1975 

Europe 
Córdoba and Huelva 

(Spain) 
1974 homeyeri PR, P 3 171 9 66.2% 26.3% 7.6% 2.20  

Jordano, 1981 Europe Córdoba (Spain) 1974-1978 homeyeri 
DO, PR, 

P 
13 67 12 65.7% 28.3% 3.0% 2.75 

Fernández and 
Leoz, 1985 

Europe Navarra (Spain) 1982-1983 homeyeri PR 25 345 38 62.9% 30.4% 6.7% 8.52 

Rico and 
Martín, 1998 

Europe Alicante (Spain) 1991-1995 homeyeri PR 11 91 14 62.6% 28.5% 8.8% 2.93 

Sánchez-
Zapata et al., 

2010 
Europe Murcia (Spain) 2006 homeyeri P, PR 3 99 18 54.6% 34.3% 8.8% 4.39  

Bautista et al., 
2016 

Europe 
Andalucía and Murcia 

(Spain) 
1994-2014 homeyeri P 561 3,926 10 55.7% 31.9% 12.6% 3.82 

Blanco et al., 
2017 

Europe 
Ávila and Segovia 

(Spain) 
2003-2016 homeyeri PR 31 134 23 63.4% 25.0% 11.1% 6.96  

This study Europe Central Spain (Spain) 2017-2018 homeyeri MAC 24 522 32 43.3% 28.0% 17.2% 7.63 

1 Breeding territories. 
2 Prey items were not identified to the species level. 
3 Birds were grouped into higher taxonomic groups. 
*DO = Direct observation, MAC = Motion-activated cameras, P = Pellets, PR = Prey remains, VR = Video recording. 
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Aequilibrium Project 318 

Dietary composition analysis 319 

The Aequilibrium Project monitored more than 30 Mediterranean Golden Eagle territories 320 

in Central Spain during 2017 and 2018 breeding seasons. One of the objectives of this effort 321 

was to collect information about the food habits of this raptor, to then process that data and 322 

be able to assess its dietary composition. Thus, a total of 24 nests with reproductive success 323 

were monitored using motion-activated cameras. 324 

The average number of days the 24 motion-activated cameras were monitoring the nests 325 

was 15.46 ± 5.33 (n=24 nests), with a maximum of 25 days and a minimum of 7 days. The 326 

cameras recorded photos until the memory card was full (n=3 nests), the batteries were 327 

emptied (n=20) or the eaglets have fledged (n=1). During 2017, the 15 cameras installed 328 

captured 64,460 images while, in 2018, 9 cameras captured 41,832 images, making a total of 329 

106,292 photos. The devices were recovered from the nests between the end of June and late 330 

September, once the eaglets had already fledged. 331 

From the images, a total of 462 individual prey items belonging to 32 different species 332 

were identified. Also, there were 60 prey items that were categorized as undetermined prey 333 

(11.49% of all the prey items; n=522). The main classes identified in the images were mammals 334 

(48.92%, with nine species), birds (31.60%, with seventeen species) and reptiles (19.48%, with 335 

six species; Table 2). The most frequently consumed mammal species were the European 336 

rabbit and the Iberian hare. Hence, lagomorphs (38.74%) were the most consumed order 337 

amongst mammals, followed by artiodactyls (8.01%), carnivores (1.52%) and rodents (0.65%; 338 

Table 2). Bird species were dominated by the Common Wood Pigeon (16.67%) and reptiles by 339 

the ocellated lizard (Timon lepidus Daudin, 1802) (8.66%; Table 2). Thus, the overall dietary 340 

breadth was 7.63, according to the Levins’ (1968) formula (Table 1). 341 
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Based on the estimated total useable biomass of each prey item, mammals, birds, and 342 

reptiles accounted for 80.63%, 14.27%, and 5.09% of the diet, respectively (Table 2). 343 

Lagomorphs were the most important mammalian order (54.26%), followed by artiodactyls 344 

(22.58%), carnivores (3.43%) and rodents (0.36%). In terms of biomass, the most relevant 345 

species were the European rabbit (31.38%), the Iberian hare (22.88%) and the roe deer 346 

(16.13%).  347 
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Table 2. Frequency of occurrence of prey items delivered to all nests by Mediterranean Golden Eagles in Central Spain (n=24 

nests). Adult and juvenile mean body mass (g) is indicated for each prey species along with the total useable biomass consumed (in 

grams and percentage). Body masses were reduced by 50% when prey species were recorded as delivered to the nest partially. 

Useable biomass was then estimated to be an 80% of the body mass of prey species of less than 1 kg and a 70% of the body mass 

of prey species of more than 1 kg, as in Fernández and Leoz (1985). 

 
FREQUENCY UNIT MASS (ADULT) UNIT MASS (JUVENILE) 

TOTAL BIOMASS 
CONSUMED 

PREY TYPE n % g g g % 

Birds 
      

Alectoris rufa 19 4.11 450.00 150.00 5,400.00 2.00 

Anas platyrhynchos 1 0.22 1,000.00 - 700.00 0.26 

Columba livia 1 0.22 360.00 - 288.00 0.11 

Columba palumbus 77 16.67 490.00 287.00 24,886.40 9.23 

Corvus corone 3 0.65 515.00 - 1,236.00 0.46 

Corvus monedula 1 0.22 250.00 83.33 66.66 0.02 

Cyanopica cooki 4 0.87 70.00 23.33 74.66 0.03 

Galerida cristata 3 0.65 50.00 - 120.00 0.04 

Garrulus glandarius 16 3.46 175.00 58.33 1,773.32 0.66 

Pica pica 1 0.22 210.00 - 168.00 0.06 

Pyrrhocorax pyrrhocorax 11 2.38 325.00 - 2,860.00 1.06 

Streptopelia turtur 1 0.22 125.00 - 100.00 0.04 

Strix aluco 1 0.22 513.00 - 410.40 0.15 

Sturnus unicolor 1 0.22 100.00 - 80.00 0.03 

Turdus merula 4 0.87 100.00 33.33 213.33 0.08 

Turdus philomelus 1 0.22 100.00 33.33 26.66 0.01 

Turdus viscivorus 1 0.22 100.00 - 80.00 0.03 

Total birds 146 31.60 
  

38,483.43 14.27 

Mammals 
      

Capra pyrenaica 3 0.65 - 3,550.00 3,727.50 1.38 

Capreolus capreolus 26 5.63 - 1,600.00 43,487.50 16.13 

Felis catus 1 0.22 2,500.00 - 1,750.00 0.65 

Lepus granatensis 60 12.99 2,250.00 500.00 61,675.00 22.88 

Martes foina 2 0.43 1,600.00 - 2,240.00 0.83 

Oryctolagus cuniculus 119 25.76 1,737.00 2,14.00 84,602.50 31.38 

Sciurus vulgaris 3 0.65 400.00 - 960.00 0.36 

Sus scrofa 8 1.73 - 3,157.50 13,667.50 5.07 

Vulpes vulpes 4 0.87 - 3,000.00 5,250.00 1.95 

Total mammals 226 48.92 
  

217,360.00 80.63 

Reptiles 
      

Coronella austriaca 1 0.22 200.00 - 160.00 0.06 

Malpolon monspessulanus 27 5.84 200.00 66.67 3,840.02 1.42 

Natrix maura 2 0.43 200.00 - 320.00 0.12 

Natrix natrix 1 0.22 200.00 - 160.00 0.06 

Timon lepidus 40 8.66 200.00 - 6,400.00 2.37 

Zamenis scalaris 19 4.11 200.00 66.67 2,853.336 1.06 

Total reptiles 90 19.48 
  

13,733.352 5.09 

Total 462 100.00 
  

269,576.78 100.00 
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Adult behaviour analysis 348 

The analysis of the images that were obtained during the monitoring of the nests revealed 349 

that 37.93% (n=198) of all prey were delivered by males and 34.87% (n=182) by females, while 350 

it was impossible to identify the sex in the rest of the cases (n=142; 27%). A 78.88% of all preys 351 

delivered by females were classified as adult specimens and a 21.12% were considered 352 

juvenile. For males, two thirds of the preys were classified as adult specimens (66.67%). Also, 353 

69.57% of the prey items that were delivered by females were whole and 30.43% were 354 

previously processed and delivered partially to the nest. Males delivered whole prey 83.06% of 355 

the times. 356 

Mammals were the most delivered prey type by females (54.66%), followed by birds 357 

(27.95%) and reptiles (17.39%; Appendix 3). Males delivered more birds and reptiles than 358 

females (43.72% and 21.31%, respectively), while mammals had less importance (34.97%; 359 

Appendix 3). It must also be emphasized that females delivered an 85.00% of all the 360 

artiodactyls identified in the study and an 85.71% of the roe deer. In terms of useable biomass, 361 

lagomorphs were the most relevant prey group for both, females and males, representing a 362 

59.55% and a 54.92% of the total useable biomass provided to the eaglets, respectively 363 

(Appendix 3). Lagomorphs were the most important prey in terms of useable biomass 364 

delivered by females, followed by artiodactyls (23.07%) and birds (10.76%), while for males, 365 

birds (27.43%) held the second position and reptiles (7.91%) the third (Appendix 3). 366 

Carnivores, rodents and reptiles together did not account for more than a 10% in females, as 367 

happened in males with artiodactyls, carnivores and rodents (Appendix 3). Finally, mean prey 368 

body mass delivered by females was 1,161.15 ± 1,149.62 g (n=161 prey items with known 369 

weight) and by males, 627.54 ± 770.48 g (n=185). 370 

Prey types also varied according to the time of the day they were delivered to the nest. 371 

Hence, reptiles were more frequently delivered during the central hours of the day, showing a 372 
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peak around 12:00h, while mammals and birds prey deliveries were more common during the 373 

morning and the afternoon, respectively (Figure 2). 374 

  
Figure 2. Frequency of occurrence of birds (in orange), mammals (in blue), reptiles (in green) and undetermined 
prey (in purple) throughout the day in 522 prey deliveries recorded by motion-activated cameras in Mediterranean 
Golden Eagle nests (n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018). 

In addition, model results showed a non-significant negative trend in the number of preys 375 

delivered by females as eaglets grew (t=-1.726, p=0.089; Figure 3 A). On the contrary, the 376 

number of preys delivered by males had a positive but not significant relationship with eaglets’ 377 

age (t=1.238, p=0.2204). However, in terms of useable biomass, there was a significant 378 

decrease in the useable biomass delivered by both, females and males (t=-2.353, p=0.022; 379 

Figure 3 B). In addition, the total biomass delivered daily by each females was significantly 380 

higher than that delivered by males (t=-2.397, p=0.020; Figure 3 B), being on average 93 grams 381 

higher. 382 

According to the number of young at the nest, model suggested that the number of preys 383 

delivered to nests with two eaglets decreased significantly with increasing eaglets’ age (t=-384 

2.244, p=0.031; Figure 3 C). On the contrary, the number of preys delivered to nests with one 385 

eaglet showed no trend as eaglets grew (t=1.860, p=0.071; Figure 3 C). However, in terms of 386 

useable biomass, the tendency was that the older the eaglets the less useable biomass 387 
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provided, independently of the number of eaglets at the nest (t=-2.171, p=0.036; Figure 3 D). 388 

Finally, the useable biomass provided to nests with two eaglets was significantly higher (356g) 389 

than that delivered to nests with one eaglet (t=-3.362, p=0.002; Figure 3 D). 390 
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Figure 3 A. Prey deliveries (n=522) by females (in blue), males (in green) and unidentified individuals (in orange) 

recorded by motion-activated cameras in Mediterranean Golden Eagle nests (n=24) in Central Spain, during two 

consecutive breeding seasons (2017 and 2018), according to eaglet’s age (in days) and depending on the active 

cameras per day. B. Useable biomass provided to the eaglets by females (in blue), males (in green) and unidentified 

individuals (in orange) in Mediterranean Golden Eagle nests (n=24) in Central Spain, during two consecutive 

breeding seasons (2017 and 2018), according to eaglet’s age (in days) and depending on the active cameras per day. 

C. Prey items (n=522) delivered to nests with one eaglet (in gold) or two eaglets (in salmon) in Mediterranean 

Golden Eagle nests (n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018), according to 

eaglet’s age (in days) and depending on the active cameras per day. D. Useable biomass provided to nests with one 

eaglet (in gold) or two eaglets (in salmon) in Mediterranean Golden Eagle nests (n=24) in Central Spain, during two 

consecutive breeding seasons (2017 and 2018), according to eaglet’s age (in days) and depending on the active 

cameras per day. 

Females predominantly assumed the task of feeding the eaglets (96.94% of the cases 391 

detected; n=317). Moreover, assistance by females significantly decreased as the eaglets grow 392 

(Figure 4). 393 
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Figure 4. Eaglets assisted by females (n=317; in blue) recorded by motion-activated cameras in Mediterranean 

Golden Eagle nests (n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018), according to 

eaglet’s age (in days) and depending on the active cameras per day. 

In addition, females were also mostly in charge of bringing branches and other materials to 394 

maintain the nesting structure, as they did so in an 87.18% (n=68) of the times this behaviour 395 

was registered. 396 

Dietary changes in relation to altitude and land use 397 

Dietary changes in relation to altitude 398 

The nesting pairs inhabiting territories with mean altitude ranging between 400-800 m 399 

a.s.l. (n=7 nests) based their diet mainly on three species; the European rabbit (36.59% by 400 

frequency and 49.71% by useable biomass), the Iberian hare (12.20% and 21.98%) and the 401 

Common Wood Pigeon (30.49% and 18.78%; Table 3). Of all the other species, just the 402 

ocellated lizard (5.49%) represented more than a 5% of the delivered preys (Table 3). As a 403 

result of this, mammals (with three species) represented the 50.00% of all prey items and the 404 

75.99% in terms of useable biomass, followed by birds (37.80% and 20.28%, with seven 405 

species) and reptiles (12.20% and 3.74%, with three species; Table 3). According to the Levins’ 406 

formula the diet breadth at altitudes below 800 m a.s.l. was 4.02. 407 
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On the following altitude range (800-1,200 m a.s.l.; n=11 nests), mammals were also the 408 

most consumed group (50.00% by frequency and 80.91% by useable biomass, with eight 409 

species), followed by birds (35.38% and 15.49%, with eleven species) and reptiles (14.62% and 410 

3.59%, with three species; Table 3). Even though their frequency was lower, the preferred 411 

species were also the European rabbit, the Iberian hare and the Common Wood Pigeon. 412 

However, in terms of useable biomass, the roe deer held the third position instead of the 413 

Common Wood Pigeon (Table 3). In general, there was a higher prey diversity which impacted 414 

in the reported Levins’ Index (8.19), being its value the double than the previous altitude 415 

range. 416 

The territories located at the highest areas (1,200-1,600 m a.s.l.; n=6 nests) were also the 417 

ones with the highest diet breadth value (9.06). In these territories, the most frequently 418 

identified prey items were reptiles (45.35%, with five species), closely followed by mammals 419 

(44.19%, with seven species), while birds (10.47%, with six species) had little importance (Table 420 

3). On the contrary, in terms of useable biomass, mammals clearly dominated (86.85%), while 421 

reptiles (10.19%) and birds (2.96%) lost importance. Three reptile species were among the five 422 

most delivered preys in terms of frequency, but, by useable biomass, the roe deer (37.66%) 423 

arose above all, followed by the Iberian hare (16.59%) and the wild boar (14.64%; Table 3). 424 
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Table 3. Frequency of occurrence and useable biomass of prey items in the diet of Mediterranean Golden Eagles in 

Central Spain (n=24 nests) depending on altitude range. 

 
ALTITUDE 

400-800 m (n=7 nests) 800-1,200 m (n=11 nests) 1,200-1,600 m (n=6 nests) 

 FREQUENCY USEABLE BIOMASS FREQUENCY USEABLE BIOMASS FREQUENCY USEABLE BIOMASS 

PREY TYPE n % g % n % g % n % g % 

Birds             

Alectoris rufa 1 0.61 360.00 0.41 15 7.08 4,200.00 3.41 3 3.49 840.00 1.41 

Anas platyrhynchos 0 0.00 0.00 0.00 1 0.47 700.00 0.57 0 0.00 0.00 0.00 

Columba livia 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 1.16 288.00 0.48 

Columba palumbus 50 30.49 16,318.40 18.77 26 12.26 8,176.00 6.63 1 1.16 392.00 0.66 

Corvus corone 0 0.00 0.00 0.00 3 1.42 1,236.00 1.00 0 0.00 0.00 0.00 

Corvus monedula 1 0.61 66.66 0.08 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Cyanopica cooki 4 2.44 74.66 0.09 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Galerida cristata 0 0.00 0.00 0.00 1 0.47 40.00 0.03 2 2.33 80.00 0.13 

Garrulus glandarius 4 2.44 373.33 0.43 12 5.66 1,399.99 1.14 0 0.00 0.00 0.00 

Pica pica 0 0.00 0.00 0.00 1 0.47 168.00 0.14 0 0.00 0.00 0.00 

Pyrrhocorax pyrrhocorax 0 0.00 0.00 0.00 11 5.19 2,860.00 2.32 0 0.00 0.00 0.00 

Streptopelia turtur 0 0.00 0.00 0.00 1 0.47 100.00 0.08 0 0.00 0.00 0.00 

Strix aluco 1 0.61 410.40 0.47 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Sturnus unicolor 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 1.16 80.00 0.13 

Turdus merula 0 0.00 0.00 0.00 3 1.42 133.33 0.11 1 1.16 80.00 0.13 

Turdus philomelus 1 0.61 26.66 0.03 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Turdus viscivorus 0 0.00 0.00 0.00 1 0.47 80.00 0.06 0 0.00 0.00 0.00 

Total birds 62 37.80 17,630.11 20.28 75 35.38 19,093.32 15.49 9 10.47 1,760.00 2.96 

Mammals                   

Capra pyrenaica 0 0.00 0.00 0.00 0 0.00 0.00 0.00 3 3.49 3,727.50 6.28 

Capreolus capreolus 2 1.22 3,727.50 4.29 12 5.66 17,395.00 14.12 12 13.95 22,365.00 37.66 

Felis catus 0 0.00 0.00 0.00 1 0.47 1,750.00 1.42 0 0.00 0.00 0.00 

Lepus granatensis 20 12.20 19,112.50 21.98 30 14.15 32,712.50 26.54 10 11.63 9,850.00 16.59 

Martes foina 0 0.00 0.00 0.00 2 0.94 2,240.00 1.82 0 0.00 0.00 0.00 

Oryctolagus cuniculus 60 36.59 43,226.30 49.71 54 25.47 36,860.00 29.91 5 5.81 4,516.20 7.60 

Sciurus vulgaris 0 0.00 0.00 0.00 2 0.94 640.00 0.52 1 1.16 320.00 0.54 

Sus scrofa 0 0.00 0.00 0.00 3 1.42 4,970.00 4.03 5 5.81 8,697.50 14.64 

Vulpes vulpes 0 0.00 0.00 0.00 2 0.94 3,150.00 2.56 2 2.33 2,100.00 3.54 

Total mammals 82 50.00 66,066.30 75.98 106 50.00 99,717.50 80.91 38 44.19 51,576.20 86.84 

Reptiles                   

Coronella austriaca 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 1.16 160.00 0.27 

Malpolon monspessulanus 8 4.88 1,333.34 1.53 9 4.25 906.68 0.74 10 11.63 1,600.00 2.69 

Natrix maura 0 0.00 0.00 0.00 2 0.94 320.00 0.26 0 0.00 0.00 0.00 

Natrix natrix 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 1.16 160.00 0.27 

Timon lepidus 9 5.49 1,440.00 1.66 14 6.60 2,240.00 1.82 17 19.77 2,720.00 4.58 

Zamenis scalaris 3 1.83 480.00 0.55 6 2.83 960.00 0.78 10 11.63 1,413.34 2.38 

Total reptiles 20 12.20 3,253.34 3.74 31 14.62 4,426.68 3.59 39 45.35 6,053.34 10.19 

Total 164 100.00 86,949.75 100.00 212 100.00 123,237.50 100.00 86 100.00 59,389.54 100.00 
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Ultimately, model results showed that the number of bird (t=-2.847, p=0.006) and mammal 425 

(t=-3.123, p=0.003) deliveries decreased significantly with increasing altitude (Figure 5 A). On 426 

the contrary, reptiles showed a non-significant positive tendency with increasing altitude 427 

(t=0.827, p=0.411; Figure 5 A). When mammal orders were analysed in depth, results showed 428 

that prey deliveries consisting on lagomorphs (t=-3.609, p=0.001) decreased significantly with 429 

increasing altitude (Figure 5 C). On the contrary, artiodactyls showed a non-significant positive 430 

trend with increasing altitude (t=0.585, p=0.562; Figure 5 C). 431 

In terms of useable biomass, model results showed that there were no variations in the 432 

amount of useable biomass delivered according to altitude. However, useable biomass 433 

provided by mammals was significantly higher than the provided by birds (t=-6.133, p<0.001) 434 

and reptiles (t=-6.667, p<0.001) with increasing altitude (Figure 5 B). Useable biomass provided 435 

by birds was slightly but not significantly higher than that provided by reptiles (t=-0.850, 436 

p=0.399; Figure 5 B). When mammal orders were analysed in detail, results showed that 437 

useable biomass provided by lagomorphs (t=-2.614, p=0.013) decreased significantly with 438 

increasing altitude (Figure 5 D). By contrast, useable biomass provided by artiodactyls showed 439 

a non-significant positive tendency with increasing altitude (t=1.395, p=0.171; Figure 5 D). 440 
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Figure 5 A. Frequency of occurrence of birds (in orange), mammals (in blue), reptiles (in green) and undetermined 

prey (in purple) in prey deliveries (n=522) recorded by motion-activated cameras in Mediterranean Golden Eagle 

nests (n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018), according to altitude range 

and depending on the active cameras per day. B. Useable biomass of birds (in orange), mammals (in blue) and 

reptiles (in green) delivered to the nest in Mediterranean Golden Eagle nests (n=24) in Central Spain, during two 

consecutive breeding seasons (2017 and 2018), according to altitude range and depending on the active cameras 

per day. C. Frequency of occurrence of artiodactyls (in yellow), carnivores (in green), lagomorphs (in red) and 

rodents (in blue) in mammal prey deliveries (n=226) recorded by motion-activated cameras in Mediterranean 

Golden Eagle nests (n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018), according to 

altitude range and depending on the active cameras per day. D. Useable biomass of artiodactyls (in yellow), 

carnivores (in green), lagomorphs (in red) and rodents (in blue) delivered to the nest in Mediterranean Golden Eagle 

nests (n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018), according to altitude range 

and depending on the active cameras per day. 

Dietary changes in relation to land use  441 

In relation to land use, in those territories classified as cropland (n=11 nests), mammals 442 

were clearly the most frequently consumed group (66.18%, with six species), concentrating 443 
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more than two thirds of the delivered preys (Table 4; Figure 6 A). Lagomorphs, in turn, 444 

represented the 92.60% of all mammal deliveries (Figure 6 C), being the European rabbit 445 

(48.04% of the total) the preferred prey species. Reptiles (5.39%, with three species) were not 446 

very important, while birds (28.43%, with nine species) were more present, mostly because of 447 

the Common Wood Pigeon (21.08%; Table 4). The importance of just a few species was 448 

reflected in the Levins’ Index value (3.38). 449 

The nesting pairs whose territories were classified as forest (n=6 nests) mainly preyed 450 

upon birds, which represented almost half of all delivered preys (47.95%, with nine species), 451 

while mammals (32.19%, with five species) and reptiles (19.86%, with three species) were also 452 

relevant (Table 4; Figure 6 A). Lagomorphs (72.30%) continued to be the preferred mammal 453 

order, but artiodactyls grew in importance (21.30%; Figure 6 C). The most important species 454 

were the Common Wood Pigeon (22.60%) and the Iberian hare (15.07%), but up to six other 455 

species composed at least a 5% of the diet (Table 4). This translated into a quite high diet 456 

breadth value (8.62). 457 

Furthermore, the territories which were classified as shrubland and grassland (n=7 nests) 458 

obtained the highest diet breadth value (9.97). This results from the fact that up to seven 459 

species reached frequencies of more than an 8%, such as the ocellated lizard (16.96%), the 460 

Montpellier snake (Malpolon monspessulanus Hermann, 1804) (15.18%), the roe deer 461 

(10.71%) or the Iberian hare (9.82%; Table 4). Birds had little importance (16.07%, with seven 462 

species), while reptiles dominated (44.64%, with six species), closely followed by mammals 463 

(39.29%, with seven species; Table 4; Figure 6 A). Artiodactyls and lagomorphs had the same 464 

importance in prey deliveries (45.50%; Figure 6 C). 465 
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Table 4. Frequency of occurrence and useable biomass of prey items in the diet of Mediterranean Golden Eagles in 

Central Spain (n=24 nests) depending on land use. 

 
LAND USE 

CROPLAND (n=11 nests) FOREST (n=6 nests) SHRUBLAND (n=7 nests) 

 FREQUENCY USEABLE BIOMASS FREQUENCY USEABLE BIOMASS FREQUENCY USEABLE BIOMASS 

PREY TYPE n % g % n % g % n % g % 

Birds             

Alectoris rufa 5 2.45 1,620.00 1.20 4 2.74 660.00 1.01 10 8.93 3,120.00 4.49 

Anas platyrhynchos 1 0.49 700.00 0.52 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Columba livia 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 0.89 288.00 0.41 

Columba palumbus 43 21.08 15,036.00 11.15 33 22.60 9,458.40 14.48 1 0.89 392.00 0.56 

Corvus corone 1 0.49 412.00 0.31 2 1.37 824.00 1.26 0 0.00 0.00 0.00 

Corvus monedula 1 0.49 66.66 0.05 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Cyanopica cooki 0 0.00 0.00 0.00 4 2.74 74.66 0.11 0 0.00 0.00 0.00 

Galerida cristata 0 0.00 0.00 0.00 0 0.00 0.00 0.00 3 2.68 120.00 0.17 

Garrulus glandarius 2 0.98 186.66 0.14 14 9.59 1,586.66 2.43 0 0.00 0.00 0.00 

Pica pica 1 0.49 168.00 0.12 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Pyrrhocorax pyrrhocorax 0 0.00 0.00 0.00 10 6.85 2,600.00 3.98 1 0.89 260.00 0.37 

Streptopelia turtur 0 0.00 0.00 0.00 1 0.68 100.00 0.15 0 0.00 0.00 0.00 

Strix aluco 1 0.49 410.40 0.30 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Sturnus unicolor 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 0.89 80.00 0.12 

Turdus merula 3 1.47 133.33 0.10 0 0.00 0.00 0.00 1 0.89 80.00 0.12 

Turdus philomelus 0 0.00 0.00 0.00 1 0.68 26.66 0.04 0 0.00 0.00 0.00 

Turdus viscivorus 0 0.00 0.00 0.00 1 0.68 80.00 0.12 0 0.00 0.00 0.00 

Total birds 58 28.43 18,733.06 13.90 70 47.95 15,410.38 23.60 18 16.07 4,340.00 6.25 

Mammals                   

Capra pyrenaica 0 0.00 0.00 0.00 0 0.00 0.00 0.00 3 2.68 3,727.50 5.37 

Capreolus capreolus 6 2.94 9,940.00 7.37 8 5.48 12,425.00 19.03 12 10.71 21,122.50 30.41 

Felis catus 1 0.49 1,750.00 1.30 0 0.00 0.00 0.00 0 0.00 0.00 0.00 

Lepus granatensis 27 13.24 30,725.00 22.79 22 15.07 19,525.00 29.90 11 9.82 11,425.00 16.45 

Martes foina 0 0.00 0.00 0.00 0 0.00 0.00 0.00 2 1.79 2,240.00 3.22 

Oryctolagus cuniculus 98 48.04 67,504.30 50.08 12 8.22 9,805.30 15.01 9 8.04 7,292.90 10.50 

Sciurus vulgaris 0 0.00 0.00 0.00 3 2.05 960.00 1.47 0 0.00 0.00 0.00 

Sus scrofa 1 0.49 1,242.50 0.92 2 1.37 2,485.00 3.81 5 4.46 9,940.00 14.31 

Vulpes vulpes 2 0.98 3,150.00 2.34 0 0.00 0.00 0.00 2 1.79 2,100.00 3.02 

Total mammals 135 66.18 11,4311.80 84.80 47 32.19 45,200.30 69.22 44 39.29 57,847.90 83.27 

Reptiles                   

Coronella austriaca 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 0.89 160.00 0.23 

Malpolon monspessulanus 2 0.98 320.00 0.24 8 5.48 1,333.34 2.04 17 15.18 2,186.68 3.15 

Natrix maura 0 0.00 0.00 0.00 0 0.00 0.00 0.00 2 1.79 320.00 0.46 

Natrix natrix 0 0.00 0.00 0.00 0 0.00 0.00 0.00 1 0.89 160.00 0.23 

Timon lepidus 5 2.45 800.00 0.59 16 10.96 2,560.00 3.92 19 16.96 3,040.00 4.38 

Zamenis scalaris 4 1.96 640.00 0.47 5 3.42 800.00 1.23 10 8.93 1,413.34 2.03 

Total reptiles 11 5.39 1,760.00 1.31 29 19.86 4,693.34 7.19 50 44.64 7,280.02 10.48 

Total 204 100.00 13,4804.86 100.00 146 100.00 65,304.01 100.00 112 100.00 69,467.92 100.00 
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Moreover, the biomass provided by mammal species was the most important 466 

independently of the land use, while reptiles and birds had generally little relevance (Table 4; 467 

Figure 6 B). In territories classified as croplands and shrublands and grasslands, mammals 468 

represented more than an 80% of the useable biomass delivered to the nest (Table 4; Figure 6 469 

B). Mammals were not so dominant in territories classified as forests, as birds represented 470 

almost one fourth of the useable biomass (Table 4; Figure 6 B). The European rabbit (50.08%) 471 

in croplands and the roe deer (30.41%) in shrublands and grasslands were the most relevant 472 

species in each case, followed by the Iberian hare, which was the most important biomass 473 

source in forests (29.90%; Table 4). When mammals were analysed more in depth, lagomorphs 474 

clearly dominated in croplands and lost importance in forests and especially in shrublands and 475 

grasslands (Figure 6 D). Artiodactyls had little significance in croplands, were more relevant in 476 

forests and supposed a 50% of the total useable biomass provided to the nest in territories 477 

classified as shrubland and grassland (Figure 6 D). 478 
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Figure 6 A. Frequency of occurrence of birds (in orange), mammals (in blue), reptiles (in green) and undetermined 

prey (in purple) in prey deliveries (n=522) recorded by motion-activated cameras in Mediterranean Golden Eagle 

nests (n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018), according to land use and 

depending on the active cameras per day. B. Percentage of total useable biomass provided to the nest that 

corresponds to birds (in orange), mammals (in blue) and reptiles (in green) in Mediterranean Golden Eagle nests 

(n=24) in Central Spain, during two consecutive breeding seasons (2017 and 2018), according to land use and 

depending on the active cameras per day. C. Frequency of occurrence of artiodactyls (in yellow), carnivores (in 

green), lagomorphs (in red) and rodents (in blue) in mammal prey deliveries (n=226) recorded by motion-activated 

cameras in Mediterranean Golden Eagle nests (n=24) in Central Spain, during two consecutive breeding seasons 

(2017 and 2018), according to land use and depending on the active cameras per day. D. Percentage of total 

useable biomass provided to the nest that corresponds to artiodactyls (in yellow), carnivores (in green), lagomorphs 

(in red) and rodents (in blue) in Mediterranean Golden Eagle nests (n=24) in Central Spain, during two consecutive 

breeding seasons (2017 and 2018), according to land use and depending on the active cameras per day. 
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DISCUSSION 479 

Dietary composition 480 

In this study, we found that the frequency of mammals in the diet of Golden Eagle in 481 

Central Spain was one of the lowest reported so far for the species across the world (Table 1). 482 

This frequency was only higher than that of Northern Europe (Scandinavia and Scotland), 483 

where birds had a great importance in the diet (between 57.2% - 73.3%) and mammalian preys 484 

were mainly ungulates, such as red deer, reindeer or sheep (Appendix 1). Interestingly, reptiles 485 

had a remarkable importance in the food habits of our breeding pairs (almost 20%). This 486 

aspect of the diet seems to be a shared characteristic among those Golden Eagle populations 487 

inhabiting Mediterranean environments (i.e. Iran, Spain, Italy and California), which hold a high 488 

diversity and abundance of reptile species, in comparison to other regions. In fact, reptiles 489 

represented no more than a 2% of the diet composition of Golden Eagles studies developed at 490 

higher latitudes of North America, Europe or Asia (Table 1).  Therefore, our results support the 491 

assertion of Sulkava et al. (1999) that, “the many regional differences in the diet show, that the 492 

hunting skills of the Golden Eagle are numerous and adaptable”. 493 

In addition, a total of 32 prey species were identified in this study, being the second study 494 

that more species has identified in the diet of the Mediterranean Golden Eagle, just behind 495 

Fernández and Leoz (1985) (Table 1). The most consumed species were the European rabbit, 496 

the Common Wood Pigeon and the Iberian hare. While the two lagomorph species figured in 497 

most reviewed studies as preferred prey of the Mediterranean Golden Eagle (Appendix 1), the 498 

Common Wood Pigeon has never been recorded as such a frequent prey for this raptor. This 499 

may be due to the fact that, nowadays, it is a very abundant species that occupies a wide 500 

variety of habitats in the Iberian Peninsula (Purroy and Purroy, 2016).  501 

Prey items delivered to the nest belonged to medium-sized species within the optimum 502 

range described for the species (0.5 kg and 5 kg) (Delibes et al., 1975; Högström and Wiss, 503 
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1992; Watson, 1998; Kochert et al., 2002). Due to their high body weight compared to the 504 

other prey groups, mammals dominated with more than an 80% of the total useable biomass 505 

delivered to the nest. Lagomorphs represented more than a half of the useable biomass 506 

provided to the eaglets, which seems reasonable, as the two most important prey species in 507 

terms of frequency belonged to this order. What is revealing is that artiodactyls represented 508 

almost one quarter of the useable biomass, being the roe deer the third most important prey 509 

regarding biomass. This species was identified as an occasional Mediterranean Golden Eagle 510 

prey in other studies (Blanco et al., 2017; Clouet et al., 2017). On the contrary, our results 511 

show that, in Central Spain, the roe deer has become an essential food resource during the 512 

breeding season. This reflects how the Mediterranean Golden Eagle is able to successfully 513 

adapt to drastic changes in prey availability, as while preferred preys have become more 514 

scarce (i.e. European rabbit, Red-legged Partridge; Gálvez-Bravo, 2017; SEO/BirdLife, 2012), 515 

roe deer populations have rocketed over the past decades in the study area (Mateos-Quesada, 516 

2017). Golden Eagle predation upon ungulate calves also takes place in other regions where 517 

ungulates are abundant, as it happens in Northern Europe (Sulkava et al., 1984; Sulkava et al., 518 

1999; Nyström et al., 2006; Johnsen et al., 2007) and some areas of Scotland (Watson, 1998). 519 

In those areas, ungulates represent around a 10% of the total preys. Even if their frequency 520 

might seem low, they are an important food source because of their relatively large size 521 

(Sulkava et al., 1999) and because Golden Eagle egg hatching (May and June) overlaps with 522 

their calving period (Tjernberg, 1983). 523 

Adult behaviour analysis 524 

The great amount of information obtained by the motion-activated cameras enabled us to 525 

better understand adult behaviour during chick-rearing. Specifically, we studied the temporal 526 

variation and role differentiation among sexes on food provisioning, nest attendance, feeding 527 

of chicks and brood size.  528 
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In most birds of prey (Accipitriformes, Falconiformes and Strigiformes), females incubate 529 

and brood the nestlings until they reach thermal independence (around 20 days after hatching 530 

in Golden Eagles; Watson, 2010), while males are in charge of food provisioning (Newton, 531 

1979; Collopy, 1984; Margalida et al., 2007; Sonerud et al., 2014). Then, female Golden Eagles 532 

continue to brood and shade the eaglets until they reach about 45 days of age, but gradually 533 

reassume hunting to assist the male in providing food for the chicks (Newton, 1979; Collopy, 534 

1984) and also to recover their depleted fat reserves (Sonerud et al., 2014), decreasing nest 535 

attendance (Margalida et al., 2007). Thus, in the present study, the analyses of the behaviour 536 

of the adults revealed that prey deliveries were made by males and females in a similar 537 

proportion during the study period. These results matched the expected behaviour (Collopy, 538 

1984), as monitoring started when eaglets were around 40 days old, when females had already 539 

resumed hunting, gradually expending less time at the nest and gaining importance in prey 540 

delivery (Arroyo, 2017).  541 

As happens in most raptors (Newton, 1979), reverse sexual dimorphism (RSD) occurs in 542 

Mediterranean Golden Eagles, as males are smaller than females (Arroyo, 2017). Different 543 

hypotheses have tried to explain this characteristic, but the general agreement is that role 544 

differentiation may be the best explanation; with large females being better at brooding and 545 

small males more efficient foragers (Eldegard et al., 2003; Krüger, 2005). Furthermore, some 546 

studies on different raptor species have suggested that size of prey delivered to the nest and 547 

delivery rates differed between the sexes (Eldegard et al., 2003; Slagsvold and Sonerud, 2007), 548 

with males bringing smaller prey than females (Pande and Dahanukar, 2012). Although lacking 549 

statistical significance, our results suggested that mean body mass of preys delivered by 550 

females (Iberian hare, roe deer, wild boar or Iberian ibex were more frequent than in males) 551 

was almost two times that of males, who delivered more reptiles and birds. Indeed, we 552 

observed that males delivered juvenile prey items almost a 15% more frequently than females. 553 
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Miranda et al. (2017) obtained similar results for the Harpy Eagle (Harpia harpyja Linnaeus, 554 

1758), as juvenile prey consumption by males was triple that of females and preys hunted by 555 

males were smaller in size than female’s preys. Furthermore, males delivered whole preys 556 

more often than females, who supplied a greater percentage of processed preys, which usually 557 

implied heavy preys that cannot be carried to the nest (Miranda et al., 2017). Similarly, the 558 

monitored Mediterranean Golden Eagles applied some processing to the prey items to be 559 

more efficient when carrying them to the nest: decapitating or eviscerating roe deer fawns or 560 

Iberian hares. This may be due to the bigger size of females (Arroyo, 2017), which are then 561 

able to deliver heavier prey items to the nest, as are artiodactyls. Thus, the great majority 562 

(85%) of the artiodactyls identified in this study were delivered by females, mostly roe deer 563 

fawns. On the contrary, artiodactyls represented less than a 10% of the total useable biomass 564 

provided by males (Appendix 3). Finally, females hunting larger preys may also respond to the 565 

fact that when they start to spend less time at the nest to hunt, eaglets are also bigger in size 566 

and consequently demand greater quantities of food. Males delivered lighter preys more 567 

frequently than females (i.e. birds and reptiles). Furthermore, birds represented almost a third 568 

of the useable biomass provided by males and just a 10% for females. Thus, smaller size may 569 

imply that males are more agile than females (Andersson and Norberg, 1981), been able to 570 

hunt birds more efficiently, as they require more agility than mammals (Slagsvold and 571 

Sonerud, 2007). 572 

Also, some differences were observed in prey type according to the time of the day they 573 

were delivered to the nest. Reptiles were more frequently preyed during the central hours of 574 

the day, when they are more exposed and vulnerable to predators, as it is then when sunlight 575 

is optimal for thermoregulation and they are more active. On the contrary, mammals and birds 576 

usually concentrate their activity during the morning and the afternoon, when temperatures 577 
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are lower than during the central hours of the Mediterranean summer, being then when 578 

Golden Eagles more often hunted these groups.  579 

In addition, some temporal trends in the frequency of prey delivery were observed. Firstly, 580 

females showed a non-significant negative tendency in number of preys delivered to the 581 

eaglets as these grew, while the number of preys provided by males had a positive relationship 582 

with eaglets’ age. According to Watson (2010), the duration of the nesting period has been 583 

stablished between 70 to 80 days. Therefore, as the eaglets were between 40 to 45 days old 584 

when the study started, the theory of females gradually reducing the amount of preys to push 585 

the eaglets out of the nest seemed plausible. Even though the behaviour of males seemed to 586 

contradict this hypothesis, the analysis of useable biomass provided to the nest showed that a 587 

significantly less amount of useable biomass was delivered as the eaglets grew by both, 588 

females and males. A similar trend has been studied for the Spanish Imperial Eagle (Aquila 589 

adalberti C. L. Brehm, 1861), as both sexes reduced feeding around two weeks before the 590 

eaglets fledged (Margalida et al., 2007).  591 

The influence that brood size may have in adult prey deliveries was also assessed in this 592 

study, as in raptors, the number of young at the nest seems to be closely related to prey size, 593 

provisioning rate and parental effort (Zuberogoitia et al., 2012). Thus, Mediterranean Golden 594 

Eagle pairs delivered significantly more preys and higher quantity of useable biomass to nests 595 

with two eaglets than to those with only one. This has also been observed for other raptors, 596 

such as the Peregrine Falcon (Falco peregrinus Tunstall, 1771) (Zuberogoitia et al., 2012) or the 597 

Spanish Imperial Eagle (Margalida et al., 2007). Our results also showed that the amount of 598 

preys provided to nests with two eaglets decreased significantly with increasing eaglets’ age, 599 

what agrees with the hypothesis of adults reducing food supply as eaglets get closer to 600 

fledging. Also, even though the number of preys delivered to nests with one eaglet showed no 601 
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trend relation with eaglets’ age, there was a significant decrease in the useable biomass that 602 

was delivered to the nest as eaglets grew, independently of the number of chicks at the nest.  603 

Similar to most raptors, female Golden Eagles shred the preys hunted by both adults until 604 

nestlings are able to tear food themselves (Sonerud et al., 2014), as male raptors are 605 

inefficient in this task (Schmutz et al. 2014). Indeed, images showed that females were almost 606 

exclusively in charge of assisting the eaglets by tearing apart prey items and feeding them, as 607 

figures in the species literature (Arroyo, 2017). Also, as expected, the tendency was that the 608 

older the eaglets, the less they were assisted by females. 609 

Dietary changes in relation to altitude and land use 610 

Intra-population variability in terms of diet composition and reproductive success related 611 

to environmental conditions has already been studied in Golden Eagles in Scotland (Watson et 612 

al., 1993; Watson, 1998) and France (Clouet et al., 2017). In those places, the Golden Eagle diet 613 

clearly varied according to the climate, landscape structure or anthropogenic changes to the 614 

environment. Similarly, in our study, we found that the diet was not uniform across the study 615 

area and that many of the differences were related to environment conditions, as were 616 

altitude and land use.  617 

Dietary changes in relation to altitude 618 

In terms of diet variation according to altitude, mammals represented around a 50% of 619 

prey deliveries in numbers and more than a 75% of the useable biomass in the three altitudinal 620 

ranges (400-800 m, 800-1,200 m and 1,200-1,600 m), being the most important prey group. 621 

Despite this, the frequency of mammal prey deliveries decreased significantly with altitude. 622 

This could be explained by the opposite variation of two orders of mammals, lagomorphs and 623 

artiodactyls, with altitude. While the number of lagomorphs decreased significantly with 624 

increasing altitude, artiodactyls showed a non-significant positive tendency. Interestingly, 625 

there were no variations in the amount of useable biomass in relation to altitude, as adults 626 
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delivered less number of artiodactyls (with higher useable biomass) at higher altitudes and 627 

more lagomorphs (with lower useable biomass) at lower altitudes, compensating for the 628 

differences in prey mass. This confirms the important role of both artiodactyls and lagomorphs 629 

in Mediterranean Golden Eagle food habits. 630 

Moreover, at all altitudinal ranges, the amount of useable biomass provided by mammals 631 

was significantly higher than the biomass provided by birds and reptiles. This way, those two 632 

prey groups combined did not represent more than 25% of the useable biomass for any of the 633 

altitude ranges, due to their lighter mass compared to mammals. Also, in relation to birds, 634 

their frequency decreased significantly with increasing altitude, representing approximately a 635 

third of all delivered preys in the two lower ranges, but just a 10% in the highest one. This may 636 

be due to the fact that the most important bird prey in this study, the Common Wood Pigeon, 637 

finds its most favourable habitats in the mesomediterranean bioclimatic stage, becoming 638 

scarce with increasing altitude (Purroy and Purroy, 2016). On the other hand, reptiles 639 

represented less than a 15% of the delivered preys in the lower ranges but conformed almost a 640 

50% of the total delivered items at the highest range, showing a non-significant increase. This 641 

was expected, as mountain habitats are rockier and consequently reptiles are more abundant. 642 

Prey species linked to this specific habitat appeared in this altitude range, as was the Iberian 643 

ibex. 644 

Finally, prey diversity was maximal for the territories with highest altitudinal range and, 645 

consequently, their Levins’ Index value more doubled the lowest altitudinal ranges. Therefore, 646 

diet breath at high altitudes was one of the highest ever reported for the species. 647 

Dietary changes in relation to land use 648 

Land use also had a great influence in the diet of this raptor, as different group of preys 649 

dominated on each one of the three categories (cropland, forest and shrubland/grassland). 650 

Thereby, mammal preys were the most frequent in territories classified as cropland, while 651 
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birds dominated in forests and reptiles in shrublands and grasslands. However, in terms of 652 

useable biomass, mammals dominated in all of the land uses, with reptiles and birds having 653 

much less importance, as expected due to differences in mass. 654 

Croplands were more abundant at lower altitudes, providing the optimal habitat 655 

conditions for high European rabbit densities, which was the species that clearly dominated in 656 

these territories, composing around a 50% of prey deliveries in both numbers and useable 657 

biomass. In forested territories, habitat conditions are less suitable for European rabbit 658 

(Gálvez-Bravo, 2017), but ideal for Common Wood Pigeon (Purroy and Purroy, 2016) and good 659 

for Iberian hare (Purroy, 2017), which were the most preyed species. In forested areas, the 660 

Iberian hare dominated in terms of useable biomass and the roe deer gained importance in 661 

comparison to croplands. Typical forest species as the Eurasian red squirrel (Sciurus vulgaris 662 

Linnaeus, 1758) and the Eurasian Jay (Garrulus glandarius Linnaeus, 1758) were clearly more 663 

abundant in this land use. Moreover, the fact that eight species had a frequency of at least 5% 664 

in the diet was probably the most remarkable aspect of this land use. Similarly, prey diversity 665 

was high in shrubland and grassland, where seven species exceeded a frequency of an 8% in 666 

the diet. Reptiles dominated in this land use which is usually associated with mountain areas, 667 

less canopy cover and higher abundance of rocks, all of them factors that contribute to a 668 

higher reptile density. In this land use, artiodactyls and lagomorphs had the same relevance in 669 

numbers. Moreover, roe deer represented 50% of the total useable biomass provided to the 670 

nest. This may be due to high availability of roe deer in this type of habitat, which provides 671 

refuge and food resources (Mateos-Quesada, 2017) and to the adaptability of the 672 

Mediterranean Golden Eagle to new prey when resources as European rabbit are scarce.  673 

As a conclusion, the areas dominated by forests and shrublands or grasslands, overcame 674 

the Levins’ Index value obtained for the whole study and were almost three times higher than 675 

that of croplands, which are typical of lower areas. All this highlights the fact that when the 676 
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European rabbit, traditionally considered as the Mediterranean Golden Eagle preferred prey 677 

(Delibes et al., 1975; Jordano, 1981; Rico and Martín, 1998; Sánchez-Zapata et al., 2010; 678 

Bautista et al., 2016; Arroyo, 2017; Blanco et al., 2017), is relatively abundant, this raptor could 679 

be considered a specialist predator (Clouet et al., 2017). However, when the European rabbit is 680 

scarce, Golden Eagles are able to adapt their food habits (Steenhof and Kochert, 1988). 681 

Accordingly, their diet breath increases and they prey upon other species (Delibes et al., 1975; 682 

Fernández and Leoz, 1985; Fernández and Purroy, 1990; Bautista et al., 2016; Clouet et al., 683 

2017), adopting a generalist predatory behaviour. This could be a suitable explanation to the 684 

unprecedented importance of roe deer in Mediterranean Golden Eagle diet. 685 

In conclusion, the results obtained in this paper highlight the resilient nature of the 686 

Mediterranean Golden Eagle and provide relevant information about its behaviour during the 687 

breeding period, supporting evidence to believe that this subspecies has unique characteristics 688 

that should be studied more in depth. This would help disentangle how changes in prey 689 

availability will influence their feeding ecology and thus, their reproductive success.  690 
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APPENDIXES 

Appendix 1. Three most consumed species on each Golden Eagle breeding-season diet study. 

SOURCE 
PREY 1 

(SPECIES) 

PREY 
1 

(%) 

PREY 2 
(SPECIES) 

PREY 
2  

(%) 

PREY 3 
(SPECIES) 

PREY 
3 

(%) 

Ellis et al., 2000 Tolai hare (Lepus tolai) 23.1% Red fox (Vulpes vulpes) 14.1% Corsac fox (Vulpes corsac) 14.1% 

Takeuchi et al., 2006 - - - - - - 

Shafaeipour, 2015 Cape hare (Lepus capensis) 22.5% Chukar (Alectoris chukar) 19.9% Common Magpie (Pica pica) 10.8% 

Qashqaei et al., 2016 Wild sheep (Ovis spp.) 33.3% Rodents (Rodentia) 22.9% Crested Lark (Galerida cristata) 10.4% 

Bravo et al., 2015 Leporids (Leporidae) 66.7% Cathartids (Cathartidae) 11.1% Sciurids (Sciuridae) 8.3% 

Steenhof and Kochert, 1988 
Black-tailed jackrabbit (Lepus 

californicus) 
>10% Cottontail (Sylvilagus spp.) >10% 

Townsend's ground squirrel 
(Urocitellus townsendii) 

>5% 

Stahlecker et al., 2009 
Black-tailed jackrabbit (Lepus 

californicus) 
33.2% Cottontail (Sylvilagus spp.) 42.3% 

Gunnison’s prairie dog 
(Cynomys gunnisoni) 

6.1% 

Collins and Latta, 2009 Common raven (Corvus corax) 21.2% Feral pig (Sus scrofa) 18.4% 
Deer mouse (Peromyscus 

maniculatus) 
9.6% 

Watson and Davies, 2015 
Yellow-bellied marmot 
(Marmota flaviventris ) 

21.2% Mule deer (Odocoileus spp.) 12.8% Coyote (Canis latrans) 6.8% 

Longshore et al., 2017 
Black-tailed jackrabbit (Lepus 

californicus) 
56.2% Chuckwalla (Sauromalus ater) 10.8% Cottontail (Sylvilagus spp.) 10.5% 

Preston et al., 2017 Cottontail (Sylvilagus spp.) 73.2% 
Black-tailed jackrabbit (Lepus 

californicus) 
6.9% 

Pronghorn (Antilocapra 
americana) 

4.7% 

Sulkava et al., 1984 
Western Capercaillie (Tetrao 

urogallus) 
26.7% Black Grouse (Lyrurus tetrix) 20.2% Mountain hare (Lepus timidus) 25.8% 

Sulkava et al., 1984 
Western Capercaillie (Tetrao 

urogallus) 
25.8% Mountain hare (Lepus timidus ) 23.6% Black Grouse (Lyrurus tetrix) 12.3% 

Högström and Wiss, 1992 
Hedgehog (Erinaceus 

europaeus) 
46.1% 

European rabbit (Oryctolagus 
cuniculus) 

18.4% Mallard (Anas platyrhynchos) 9.4% 

Watson et al., 1992 Lagomorphs 50.1% Sheep (Ovis spp.) 17.5% - - 

Seguin et al., 1998 Large mammals 39.2% 
Green whip snake (Hierophis 

viridiflavus) 
34.2% - - 

Watson, 1998 Leporids (Leporidae) 28.6% Sheep/Goats (Bovidae) 26.8% Petrels (Procellariidae) 17.0% 

Watson, 1998 Leporids (Leporidae) 34.1% Sheep/Goats (Bovidae) 25.9% Petrels (Procellariidae) 11.8% 

Watson, 1998 Leporids (Leporidae) 46.9% Sheep/Goats (Bovidae) 23.1% Deer (Cervidae) 8.4% 

Watson, 1998 Leporids (Leporidae) 18.2% Grouse (Tetraonidae) 18.2% Sheep/Goats (Bovidae) 16.8% 

Watson, 1998 Grouse (Tetraonidae) 25.0% Deer (Cervidae) 22.3% Sheep/Goats (Bovidae) 17.6% 

Watson, 1998 Grouse (Tetraonidae) 20.3% Deer (Cervidae) 19.8% Sheep/Goats (Bovidae) 18.6% 

Watson, 1998 Leporids (Leporidae) 25.5% Sheep/Goats (Bovidae) 23.4% Grouse (Tetraonidae) 19.1% 
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Appendix 1 (continued). 

SOURCE 
PREY 1 

(SPECIES) 

PREY 
1 

(%) 

PREY 2 
(SPECIES) 

PREY 
2  

(%) 

PREY 3 
(SPECIES) 

PREY 
3 

(%) 

Watson, 1998 Grouse (Tetraonidae) 47.8% Leporids (Leporidae) 42.2% Deer (Cervidae) 3.7% 

Watson, 1998 Leporids (Leporidae) 24.8% Sheep/Goats (Bovidae) 15.6% Deer (Cervidae) 14.7% 

Sulkava et al., 1999 Mountain hare (Lepus timidus) 28.4% Black Grouse (Lyrurus tetrix) 20.5% Reindeer (Rangifer tarandus) 7.8% 

Sulkava et al., 1999 Mountain hare (Lepus timidus) 32.7% 
Western Capercaillie (Tetrao 

urogallus) 
23.3% Black Grouse (Lyrurus tetrix) 10.4% 

Nyström et al., 2006 Ptarmigan (Lagopus lagopus) 38.3% 
Rock Ptarmigan (Lagopus 

mutus) 
25.0% Reindeer (Rangifer tarandus) 11.4% 

Johnsen et al., 2007 Ptarmigans (Lagopus spp.) 51.4% Mountain hare (Lepus timidus) 13.4% Reindeer (Rangifer tarandus) 8.5% 

Whitfield et al., 2009 Mountain hare (Lepus timidus) 33.6% Terrestrial birds 12.1% Seabirds 12.2% 

Whitfield et al., 2009 Gamebirds 28.1% Mountain hare (Lepus timidus) 19.6% Seabirds 17.1% 

Whitfield et al., 2009 
European rabbit (Oryctolagus 

cuniculus) 
26.3% Gamebirds 20.5% Seabirds 14.3% 

Clouet et al., 2017 
European rabbit (Oryctolagus 

cuniculus) 
31.5% 

Domestic Fowl (Gallus 
domesticus) 

13.9% 
Red-legged Partridge (Alectoris 

rufa) 
9.3% 

Clouet et al., 2017 Raven/Crow (Corvus sp.) 15.7% 
Goat/Sheep (Capra spp. /Ovis 

spp.) 
14.0% Red fox (Vulpes vulpes) 11.9% 

Delibes et al., 1975 
Red-legged Partridge (Alectoris 

rufa) 
25.6% Iberian hare (Lepus granatensis) 20.9% 

European rabbit (Oryctolagus 
cuniculus) 

13.0% 

Delibes et al., 1975 
European rabbit (Oryctolagus 

cuniculus) 
43.4% 

Red-legged Partridge (Alectoris 
rufa) 

23.8% Ocellated lizard (Timon lepidus) 12.3% 

Delibes et al., 1975 
European rabbit (Oryctolagus 

cuniculus) 
63.2% 

Red-legged Partridge (Alectoris 
rufa) 

22.2% Ocellated lizard (Timon lepidus) 5.8% 

Jordano, 1981 
European rabbit (Oryctolagus 

cuniculus) 
56.7% 

Red-legged Partridge (Alectoris 
rufa) 

8.9% 
Domestic Hen (Gallus gallus 

subsp. domesticus) 
6.0% 

Fernández and Leoz, 1985 
European rabbit (Oryctolagus 

cuniculus) 
25.2% Iberian hare (Lepus granatensis) 13.6% 

Red-legged Partridge (Alectoris 
rufa) 

8.4% 

Rico and Martín, 1998 
European rabbit (Oryctolagus 

cuniculus) 
53.8% 

Red-legged Partridge (Alectoris 
rufa) 

13.2% Iberian hare (Lepus granatensis) 6.6% 

Sánchez-Zapata et al., 2010 
European rabbit (Oryctolagus 

cuniculus) 
43.6% Domestic Pigeon (Columba livia)  14.2% Iberian hare (Lepus granatensis) 4.0% 

Bautista et al., 2016 
European rabbit (Oryctolagus 

cuniculus) 
45.9% 

Red-legged Partridge (Alectoris 
rufa) 

17.8% Other mammals 6.6% 

Blanco et al., 2017 Iberian hare (Lepus granatensis) 29.2% 
European rabbit (Oryctolagus 

cuniculus) 
17.2% Red fox (Vulpes vulpes) 6.7% 

This study 
European rabbit (Oryctolagus 

cuniculus) 
25.8% 

Common Wood Pigeon 
(Columba palumbus) 

16.7% Iberian hare (Lepus granatensis) 13.0% 
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Appendix 2. Mediterranean Golden Eagle territories monitored in Central Spain during 2017 (in blue) and 2018 (in 
orange) were classified according to dominant land use within their boundaries (>50% of the surface) as forest (n=6 
nests), cropland (n=11 nests) and shrubland and grassland (n=7 nests). 
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Appendix 3. Number and percentage and useable biomass (g) and percentage of prey items in the diet of 
Mediterranean Golden Eagles in Central Spain (n=24 nests) according to adult’s sex. Body masses were reduced in a 
50% when prey species were recorded as delivered to the nest partially. Useable biomass was then estimated to be 
an 80% of the body mass of prey species of less than 1 kg and a 70% of the body mass of prey species of more than 
1 kg, as in Fernández and Leoz (1985).attending to the sex of the adult that delivered the prey to the nest. 

 

ADULT´S SEX 

FEMALE MALE 

 PREY ITEMS USEABLE BIOMASS PREY ITEMS USEABLE BIOMASS 

PREY TYPE n % g % n % g % 

Birds         

Alectoris rufa 7 4.35 1,980.00 1.75 10 5.46 2,940.00 3.88 

Anas platyrhynchos 0 0.00 0.00 0.00 1 0.55 700.00 0.92 

Columba livia 0 0.00 0.00 0.00 1 0.55 288.00 0.38 

Columba palumbus 22 13.66 7,453.60 6.59 45 24.59 13,837.60 18.24 

Corvus corone 0 0.00 0.00 0.00 2 1.09 824.00 1.09 

Corvus monedula 0 0.00 0.00 0.00 1 0.55 66.66 0.09 

Cyanopica cooki 1 0.62 18.66 0.02 3 1.64 55.99 0.07 

Galerida cristata 1 0.62 40.00 0.04 2 1.09 80.00 0.11 

Garrulus glandarius 5 3.11 700.00 0.62 5 2.73 419.99 0.55 

Pica pica 0 0.00 0.00 0.00 1 0.55 168.00 0.22 

Pyrrhocorax pyrrhocorax 7 4.35 1,820.00 1.61 3 1.64 780.00 1.03 

Strix aluco 0 0.00 0.00 0.00 1 0.55 410.40 0.54 

Sturnus unicolor 1 0.62 80.00 0.07 0 0.00 0.00 0.00 

Turdus merula 1 0.62 80.00 0.07 3 1.64 133.33 0.18 

Turdus philomelus 0 0.00 0.00 0.00 1 0.55 26.66 0.04 

Turdus viscivorus 0 0.00 0.00 0.00 1 0.55 80.00 0.11 

Total birds 45 27.95 12,172.26 10.76 80 43.72 20,810.64 27.43 

Mammals         

Capra pyrenaica 3 1.86 3,727.50 3.30 0 0.00 0.00 0.00 

Capreolus capreolus 12 7.45 18,637.50 16.48 2 1.09 2,485.00 3.28 

Lepus granatensis 35 21.74 42,537.50 37.61 11 6.01 9,662.50 12.74 

Martes foina 1 0.62 1,120.00 0.99 0 0.00 0.00 0.00 

Oryctolagus cuniculus 33 20.50 24,824.10 21.95 48 26.23 32,006.40 42.19 

Sciurus vulgaris 0 0.00 0.00 0.00 1 0.55 320.00 0.42 

Sus scrofa 2 1.24 3,727.50 3.30 1 0.55 2,485.00 3.28 

Vulpes vulpes 2 1.24 2,100.00 1.86 1 0.55 2,100.00 2.77 

Total mammals 88 54.66 96,674.10 85.47 64 34.97 49,058.90 64.66 

Reptiles         

Malpolon 
monspessulanus 

14 8.70 2,026.67 1.79 10 5.46 1,440.01 1.90 

Natrix maura 0 0.00 0.00 0.00 2 1.09 320.00 0.42 

Natrix natrix 1 0.62 160.00 0.14 0 0.00 0.00 0.00 

Timon lepidus 9 5.59 1,440.00 1.27 24 13.11 3,840.00 5.06 

Zamenis scalaris 4 2.48 640.00 0.57 3 1.64 400.00 0.53 

Total reptiles 28 17.39 4,266.67 3.77 39 21.31 6,000.01 7.91 

Total 161 100.00 221,959.40 100.00 183 100.00 145,739.09 100 
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INFORME TÉCNICO 

El Proyecto Aequilibrium (https://aequilibrium-project.org/) es una iniciativa que surge de la 

colaboración entre el grupo ecologista Tagonius (http://tagonius.org/) y la agrupación de 

cazadores de la Asociación del Corzo Español (ACE) (https://www.corzo.info/. Estas dos 

entidades colaboran desde 2017 en el seguimiento y el monitoreo de más de 30 territorios de 

águila real mediterránea en el centro de España, sobre todo en zonas donde las poblaciones de 

sus presas tradicionales han descendido, como es el caso del conejo o la perdiz. Mientras 

tanto, el corzo no ha dejado de expandirse y aumentar en número en esos mismos territorios, 

lo que unido al hecho de que el número de parejas de águila real mediterránea se ha 

mantenido estable, puede significar que esta rapaz ha convertido a los corcinos en una presa 

fundamental durante la cría de los pollos. El análisis de esta posible adaptación a la nueva 

realidad trófica es el motor principal del Proyecto Aequilibrium, que ha ido derivando hacia un 

estudio en profundidad del comportamiento y la dieta de este superpredador, a través del 

monitoreo de los nidos con cámaras de fototrampeo y la recogida de egagrópilas y restos de 

presas. 

En este contexto, desde el Departamento de Sistemas y Recursos Naturales de la E.T.S. I. de 

Montes, Forestal y del Medio Natural me propusieron realizar mi Trabajo Fin de Máster 

utilizando la enorme cantidad de información recogida por dicho Proyecto, como parte del 

convenio que tiene Aequilibrium con la Universidad Politécnica de Madrid (UPM) a través de la 

Fundación Conde del Valle de Salazar. De este modo, el Trabajo, con formato de artículo 

científico, servirá para difundir los interesantes resultados que tan valiosa información está ya 

generando en los primeros análisis. 

En primer lugar, para poder sumergirme en el Proyecto Aequilibrium, asistí a la presentación 

de resultados de la temporada 2018, que se llevó a cabo en la Escuela Técnica Superior de 

Ingeniería de Montes, Forestal y del Medio Natural, en diciembre de 2018. El siguiente paso 

consistió en definir los cuatro objetivos principales de mi Trabajo Fin de Máster junto con la 

directora del mismo, Marta Peláez Beato, en las primeras reuniones que mantuvimos, después 

de que nos fuese suministrada la base de datos recopilada hasta la fecha por Aequilibrium. 

Esta base de datos surge del monitoreo de los nidos llevado a cabo en las temporadas 2017 y 

2018 en parejas con éxito reproductor. Así, Enrique Navarro, director del proyecto, realizó 

unas fichas en A3 en las que para cada entrada de un adulto en el nido anotó: fecha, hora, sexo 

del ejemplar identificado, tipo de actividad (aporte de presa, cebado con presa,…), especie 

presa y su estado (viva/muerta, adulto/cría y parcial/entera). Además, clasificó los territorios 

estudiados en un Excel, en el que figuraba su localización, código de identificación, nombre de 

los miembros de la pareja,… 

Una vez se dispuso de ese conjunto de datos, primero se incorporó toda la información de los 

A3 a un archivo de Excel, de tal modo que se pudiera manejar más fácilmente. En esa tarea me 

ayudó otra alumna que estaba realizando su Trabajo Fin de Grado sobre otros aspectos del 

Proyecto Aequilibrium. Además, una vez pasada la información a Excel, la completé indicando 

los fotogramas en los que se podía observar cada tipo de actividad, visionando las fotos 

obtenidas por cada cámara de fototrampeo en cada nido. Por último, se adecuó a las 

necesidades del Trabajo el formato del Excel que nos habían suministrado desde Aequilibrium 

https://aequilibrium-project.org/
http://tagonius.org/
https://www.corzo.info/
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con la localización y demás datos de cada territorio estudiado, seleccionando sólo aquellas 

parejas que habían tenido éxito reproductor durante cada temporada, tarea que se realizó 

entre la citada alumna, mi Directora y yo. Esa era la información que se iba a emplear. Además, 

a la vez que se desarrollaba esa primera fase del trabajo, una o dos veces por semana durante 

marzo y abril asistí a un curso sobre programación en R que organizaron entre Marta y el 

Programa de Doctorado de Investigación Forestal Avanzada de la UPM, para así aumentar los 

conocimientos que tenía de esta herramienta y poder utilizarla más adelante para gestionar y 

manejar las bases de datos del Proyecto, producir resultados y generar gráficas para 

visualizarlos. También pude conocer más de cerca a los miembros de la ACE y Tagonius en un 

par de salidas de campo con ellos. 

La búsqueda bibliográfica comenzó por aquellas publicaciones y artículos científicos que 

estudiasen la dieta del águila real en toda su área de distribución, empleando el motor de 

búsqueda de la Web of Science y las referencias bibliográficas de los artículos de mayor 

utilidad. Esto me permitió establecer el nivel de conocimiento existente sobre este aspecto de 

su ecología a nivel global. Después, centré la búsqueda en la subespecie mediterránea, sobre 

todo en estudios en la Península Ibérica, para determinar también posibles peculiaridades o 

características distintivas en su dieta. Todo este proceso fue fundamental a la hora de 

completar el primer objetivo del Trabajo, la revisión bibliográfica. 

Una vez completadas esas primeras fases del Trabajo, comencé con la redacción del 

documento, que se decidió que fuese en inglés y en formato de artículo científico, debido a 

que esto permitiría una mayor difusión y a la posibilidad de publicarlo en un futuro. Después 

de realizar los apartados de “Introduction” y parte de “Materials and Methods”, fui 

desarrollando los cuatro objetivos principales ordenadamente, completando primero el 

correspondiente apartado en “Materials and Methods” para después continuar con el de 

“Results” y finalmente el de “Discussion”. Los apartados  de “Bibliography” y “Appendixes” los 

fui completando a medida que avanzaba con el grueso del documento. A la hora de ir 

desarrollando los distintos objetivos, adquirió gran importancia el uso del programa R 

Statistical Software Version 3.6.1 (R Development Core Team, 2018), empleado para manejar 

la enorme cantidad de información disponible y realizar los análisis estadísticos 

correspondientes. Además, la programación en R permitió relacionar diversos factores y datos 

rápidamente, para así obtener y seleccionar los resultados más interesantes, generando nueva 

información y también gráficos y tablas, que facilitan la visualización y comprensión de los 

resultados. También se debe destacar el uso de ArcGIS 10.5. (Esri, 2018), pues fue empleado 

para realizar los distintos mapas incluidos en este Trabajo y fue fundamental en el cuarto 

objetivo, así como Microsoft Office, que fue relevante a la hora de manejar algunos datos y 

redactar y maquetar el documento. Por supuesto, los conocimientos adquiridos durante las 

charlas, salidas de campo y conversaciones con los miembros del Proyecto Aequilibrium, así 

como el aprendizaje durante el Máster han sido muy importantes también durante todo el 

proceso de redacción de este Trabajo. 

A lo largo de todo el proceso se mantuvieron reuniones periódicas con Marta, para solucionar 

dudas, hacer correcciones,... Estos encuentros fueron cada dos semanas aproximadamente, 

aunque el contacto vía correo electrónico fue constante. 
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Finalmente, en el mes de enero de 2020 finalizo el Trabajo Fin de Máster, habiendo 

completado los cuatro objetivos propuestos al inicio. 
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1.1. Cronograma de tareas 

TAREAS 

Año 2018 Año 2019 Año 2020 

Meses Meses Meses 

Diciembre Enero Febrero Marzo Abril Mayo Junio Julio Agosto Septiembre Octubre Noviembre Diciembre Enero 

Inicio del Trabajo Fin de Máster.                             

 Definición de objetivos junto con la tutora del TFM.                             

Organización de la base de datos proporcionada por el 
Proyecto Aequilibrium de las temporadas 2017 y 2018.  

  

                          

Ampliación de la base de datos con la incorporación de  
nueva información y adaptación del conjunto a los 

objetivos del TFM. 
  

                          

Búsqueda bibliográfica.                              

Redacción del documento.                             

 Realización de mapas y tablas (ArcGIS 10.5.) y análisis 
estadísticos, generación de gráficas y manejo de 

información (R Statistical Software Version 3.6.1). 
  

                          

Reuniones periódicas con la tutora del TFM.                             

Finalización del documento.                              

Redacción del informe sobre el TFM.                              

Impresión y encuadernación del documento y entrega 
del mismo. 

  
                          

Tabla 1. Cronograma de tareas. Fuente: elaboración propia. 
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1.2. Costes del estudio 

El precio de la realización de este Trabajo Fin de Máster se ha calculado teniendo en cuenta los 

diversos gastos que incluye. 

- La persona que se ha encargado de realizar el Trabajo Fin de Grado ha sido José Martel 

Serrano, alumno de último curso del Máster en Ingeniería de Montes y Graduado en Ingeniería 

Forestal. El coste horario es de 18,38 €/h, según las tarifas del Grupo Tragsa en 2019 para un 

titulado medio o grado con menos de 1 año de experiencia. 

Actividad Período Días Horas Coste horario (€/h) Coste total (€) 

Organización y adecuación del formato de la base de 
datos proporcionada por el Proyecto Aequilibrium. 

Marzo y abril 2019. 15 30 18,38 551,40 

Ampliación de la base de datos con la incorporación de  
nueva información y adaptación del conjunto a los 

objetivos del TFM. 

Abril, mayo y junio de 
2019. 

30 200 18,38 3676,00 

Búsqueda bibliográfica.  Abril, mayo y junio 2019. 15 45 18,38 827,10 

 Realización de mapas y tablas (ArcGIS 10.5.) y análisis 
estadísticos, generación de gráficas y manejo de 

información (R Statistical Software Version 3.6.1). 

Junio, julio, agosto, 
septiembre, octubre y 
noviembre de 2019. 

30 200 18,38 3676,00 

Redacción del documento, redacción del  informe y 
maquetación. 

Junio, julio, agosto, 
septiembre, octubre, 

noviembre y diciembre de 
2019 y enero de 2020. 

70 500 18,38 9190,00 

Reuniones periódicas con la tutora del TFM y asistencia a 
actos relacionados con el Proyecto Aequilibrium. 

Durante todo el proceso. 10 40 18,38 735,20 

TOTAL (€) 18.655,70 € 

Tabla 2. Costes del estudio (I). Fuente: elaboración propia. 

- Material utilizado, impresión y encuadernación. 

 Licencia Anual Microsoft Office, gratuita por ser alumno de la Universidad Politécnica 

de Madrid. 

 Licencia ArcGIS 10.5., gratuita por ser alumno de la Universidad Politécnica de Madrid. 

 Licencia R Statistical Software Version 3.6.1., disponible de manera gratuita en 

Internet. 

 CDs.  

 Costes de impresión del documento a color y a doble cara. Coste de impresión de 0,08 

€/pág. 
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 Costes de encuadernación del documento (tapas duras de cartón y los rótulos). Coste 

de 30,00 € por documento. 

Material Unidades Coste unitario (€/unidad) Coste total (€) 

 ArcMap 10.5. 1 0,00 0,00 

Microsoft Office. 1 0,00 0,00 

RStudio (Versión 1.2.1335). 1 0,00 0,00 

Impresión (páginas). 80 0,08 6,40 

Encuadernación (documentos). 2 30,00 60,00 

CDs. 5 0,15 0,75 

TOTAL 67,15 € 

Tabla 4. Costes del estudio (II). Fuente: elaboración propia. 

- Amortización de equipo informático. Se ha estimado en 100 €. 

1.2.1. Coste final 

A continuación, se suman todos los costes totales y se añaden los costes variados (10% de los 

costes totales). Así, el coste final del Trabajo Fin de Máster sería el que se resume en esta 

última tabla. 

∑Costes totales 18.822,85 € 

Costes varios (10% del total) 1.882,29 € 

TOTAL (sin IVA) 20.705,14 € 

IVA (21 %) 1.618,56 € 

TOTAL (con IVA) 22.323,70 € 

Tabla 5. Costes del estudio (III). Fuente: elaboración propia. 

El coste total de este Trabajo Fin de Máster (con IVA) es de veintidós mil trescientos veintitrés 

euros y setenta céntimos. 



Diet of the Mediterranean Golden Eagle (Aquila chrysaetos homeyeri Severtzov, 1888) and adult behaviour during 
the breeding season in Central Spain. 

  

JOSÉ MARTEL SERRANO 64 

 

PÓSTER 



RESULTS 

A total of 462 individual prey items belonging to 32 different species were identified in 
the 106,292 images captured by the motion-activated cameras. 

The most frequent species were the European rabbit (Oryctolagus cuniculus Linnaeus, 
1758), the Iberian hare (Lepus granatensis Rosenhauer, 1856) and the Common Wood 
Pigeon (Columba palumbus Linnaeus 1758). In terms of biomass, the roe deer was also 
important. 

 

TRABAJO FIN DE MÁSTER 
DIET OF THE MEDITERRANEAN GOLDEN EAGLE (AQUILA CHRYSAETOS HOMEYERI SEVERTZOV, 1888) AND 

ADULT BEHAVIOUR DURING THE BREEDING SEASON IN CENTRAL SPAIN 

Estudio de la dieta y el comportamiento del águila real mediterránea (Aquila chrysaetos homeyeri Severtzov, 1888) 
durante el período de cría en el centro de España. 

Máster en Ingeniería de 
Montes  

Departamento de Sistemas y 
Recursos Naturales 

OBJECTIVES 

1) Perform a literature review of the Golden Eagle’s diet. 

2) Dietary composition analysis (prey frequency, useable 
biomass and diet breadth). 

3) Adult behaviour analysis Adult roles (prey deliveries, eaglets 
attendance…). Prey variations in frequency and biomass 
depending on the sex of the adult, eaglet´s age, brood size… 

4) Diet variations according to altitude and land use. 

INTRODUCTION 

Little research has historically been done in Mediterranean Golden Eagle (Aquila 
chrysaetos homeyeri Severtzov, 1888) in the Centre of the Iberian Peninsula, even 
though it concentrates a high percentage of the Spanish breeding pairs. Moreover, 
this region has experienced some important changes in terms of prey availability 
over the past two decades (systematic decrease of small game species and an 
unprecedented increase in roe deer (Capreolus capreolus Linnaeus, 1758) 
distribution and abundance). Furthermore, the great majority of dietary studies 
carried out in Spain were based on traditional methods (prey remains and 
regurgitated pellets), which have some important drawbacks. 

In light of all this, this study aims to monitor breeding pairs in the Centre of the 
Iberian Peninsula using motion-activated cameras, as they had higher detection 
probabilities for many types of prey compared to the more traditional methods and 
could be useful not just to describe the diet of the Mediterranean Golden Eagle, 
but also to assess adult behaviour. 

MATERIALS AND METHODS 

A total of 24 Mediterranean Golden Eagle territories were 
monitored during the breeding seasons of 2017 (n=15) and 2018 
(n=9).  

Several linear models were performed to evaluate the temporal 
variation in prey delivery and female assistance to the eaglets. In the 
first case, we studied if this relationship varied when accounting for 
adult sex or with the number of eaglets at the nest (1 or 2). 

Each territory was classified into an altitude interval (400-800 m, 
800-1,200 m and 1,200-1,600 m) and a land use category (Cropland, 
Forest and Shrubland and Grassland). A linear model was also 
performed to evaluate the altitudinal variation in prey delivery, 
studying if this relationship varied when accounting for type of prey. 

Autor: José Martel Serrano (j.martel.serrano@gmail.com). 

Directora: Marta Peláez Beato (marta.pelaez@gmail.com). 

Codirector: María Moreno López (Consejería de Medio Ambiente de la C.A.M.). 

Tutor: Alfonso San Miguel Ayanz (alfonso.sanmiguel@upm.es). 

BIOMASS FREQUENCY 

Birds 14.27% 

Mammals 80.63% 

Reptiles 5.09% 

Birds 31.60% 

Mammals 48.92% 

Reptiles 19.48% 

DISCUSSION 

This study provides new evidence about the remarkable resilience of Mediterranean Golden Eagle in the Iberian Peninsula, having adapted its diet in territories where deep 
changes in prey availability have taken place. Thus, some preys with little historical importance for the species, such as roe deer, seem to be a key component of their diet 
nowadays.  

In addition, our results agreed with the hypothesis of adults reducing food supply as eaglets get closer to fledging. Also, females were almost entirely in charge of attending the 
eaglets at the nest, reducing this activity as chicks got older. 

Finally, there were no variations in the amount of useable biomass in relation to altitude, as adults delivered less number of artiodactyls (with higher useable biomass) at higher 
altitudes and more lagomorphs (with lower useable biomass) at lower altitudes. This confirms the important role of both artiodactyls and lagomorphs in Mediterranean Golden 
Eagle food habits. In relation to land use, Mediterranean Golden Eagles showed a more generalist diet in those territories where their traditional preys were scarce. 

Different preys at 
some of the 
monitored nests: 
Ocellated lizard 
(Timon lepidus 
Daudin, 1802) (1), 
European rabbit (2) 
and roe deer (3). 



Diet of the Mediterranean Golden Eagle (Aquila chrysaetos homeyeri Severtzov, 1888) and 
adult behaviour during the breeding season in Central Spain. 
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