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A B S T R A C T

We studied the factors that led to brood reduction in 1192 nest/years of 143 territories of

the Spanish imperial eagle during the period 1988–2003 and we carried out an innovative

supplementary feeding programme in perches near nests in order to mitigate nestling

mortality and improve fledging rate. Chick mortality affected 9.3% of hatchlings and

13.9% of the nests monitored. Sibling aggression was the most important factor in brood

reduction (54.8% mortality of chicks in the nest), and supplementary feeding limited the

process of sibling aggression. In addition, we compared the fledging rate in nests with

supplementary food to that of non-supplemented control nests. Supplementary food

increased the number of fledglings per brood (1.56 vs 0.72 in the control nests). This

increase was repeated in subadult pairs (1.57 vs 0.53 in the control nests) and occurred

both in high-quality territories (2.32 vs 1.36) and in low-quality territories (1.35 vs 0.54).

Our results also suggest that supplementary feeding does not appear to have any effect

on the provisioning rate of either males or females or on the wild prey. Food supplemen-

tation led to the recovery of breeding success after a period of loss due to a reduction of

prey as a consequence of viral haemorrhagic disease. We conclude that the Spanish impe-

rial eagle’s breeding output is food-limited during the nestling period and that food taken

to the nest regulates sibling aggression. Supplemental feeding when food is scarce, or

under emergency conditions, can be considered a good management tool for the conser-

vation of this endangered species.

� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

In raptors brood reduction may be caused by physical

aggression or the intimidation by nest mates, which is

known as siblicide or cainism (Simmons, 1988). Hatching
er Ltd. All rights reserved

386.
.es (A. Margalida).
asynchrony and the smaller size of last-laid eggs facilitates

a size hierarchy, which in turn enhances the early death of

last-hatched chicks. Brood reduction is influenced by both

size differences between chicks and by food availability

(e.g., Edwards and Collopy, 1983; Bortolotti, 1986a,b; Sim-
.
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mons, 1988; Viñuela, 1999). In species where facultative sibl-

icide occurs, it is not clear whether sibling aggression is re-

lated to food abundance or not (Mock et al., 1990; Forbes,

1991; Forbes and Mock, 1994) and it could be related to

the parent–offspring conflict over brood reduction (e.g., Par-

ker and Mock, 1987; Anderson, 1990; Nilsson, 1995; Rodrı́-

guez-Gironés, 1996; Viñuela, 1999).

With a population estimate of around 200 breeding pairs

in south-western quadrant of the Iberian Peninsula (Gonzá-

lez and Oria, 2003), the Spanish imperial eagle (Aquila adal-

berti) is one of the rarest and most threatened birds of prey

in the world (BirdLife International, 2004). Early studies of

its reproductive biology (Valverde, 1960; Garzón, 1972; Mey-

burg, 1974, 1987) have suggested that mortality of chicks in

the nest, although not quantified, occurred frequently and

that the main cause was probably siblicide, with brood

reduction being the factor that has the greatest influence

on this species’ breeding success. Later studies (González,

1991) showed quantitatively that this mortality affected

55.7% (n = 70) of the monitored nests, with sibling aggres-

sion being the main cause (26.2%, n = 138) and that it oc-

curred most frequently in territories where its main prey

species, the wild rabbit (Oryctolagus cuniculus), was scarce.

Two causes were suggested for this factor leading to sibling

aggression: the frequency with which food is taken to the

nest (Meyburg and Garzón, 1973; Meyburg, 1974, 1978) and

the abundance of food (wild rabbits) in their home ranges

(González, 1991). Both factors concur with the Lack (1954)

hypothesis, which argued that when food availability is

insufficient to raise the whole brood, the premature death

of the chicks could be favourable, since it would reduce

the waste of resources (Gibbons, 1987; Wiebe and Bortolotti,

1995). Therefore, in the Spanish imperial eagle we would

expect to find a mechanism (in this case siblicide), which

would facilitate the death of the smallest chicks when

insufficient food was available to feed the whole brood.

However, other studies (Calderón et al., 1987; Ferrer, 1993)

disagreed with the above, since in addition to detecting a

lower mortality of chicks in the nest (16.8%, n = 138), most

due to falls from the nest, they did not record any cases of sib-

ling aggression. This would indicate that the mortality of

chicks in the Spanish imperial eagle due to this reason was

non-existent.

In 1989, in the species’ range in the Iberian Peninsula,

the wild rabbit was affected by an epizootic disease known

as viral haemorrhagic disease (RHD) (Argüello et al., 1988;

Villafuerte et al., 1994). RHD had a major effect on rabbit

populations, reducing them to between one-half and two-

thirds of their original size in just five years (1988–1993)

or even inducing local extinctions where rabbit populations

had low densities (Blanco and Villafuerte, 1993; Villafuerte

et al., 1994, 1995). Reductions in rabbit populations had a

negative effect on breeding success in Spanish raptors that

prey extensively on rabbits, i.e., the eagle owl (Bubo bubo)

(Martı́nez and Calvo, 2001), the golden eagle Aquila chrysae-

tos (Fernández, 1993) and the Spanish imperial eagle (Gon-

zález, 1996a), where shortly after the arrival of RHD (1989)

a 44% increase in chick mortality and a 22% decrease in

the productive pairs were recorded in comparison with

the pre-RHD period. This caused great concern for the fu-
ture of the species and made it clear that steps should be

taken to mitigate this situation (González, 1996b). In this

context, it was first thought that the smallest chicks in

multiple clutches should be removed and placed in other

nests, or released into the wild as juveniles through ‘‘hack-

ing’’, a tool used successfully in the past to mitigate the

mortality of chicks in the nest in situations where food

was scarce (Meyburg and Garzón, 1973; Meyburg, 1978,

1987; González et al., 1996c). However, the discrepancies

over the occurrence of siblicide and its causes in this spe-

cies, which were mentioned above, and the fact that this

technique was considered inefficient because it had little ef-

fect on the population’s breeding parameters (Ferrer and

Hiraldo, 1991; Ferrer, 1993), meant that it was rejected as

a handling technique.

Another tool that was also considered, and which we used

with this species before 1989, although only occasionally

(authors unpubl. report), was the provisioning of supplemen-

tary food to the nest. Supplementary feeding is a conserva-

tion tool that has been used with numerous vertebrate

species (e.g., Boutin, 1990). Existing studies show that in ver-

tebrates, the breeding period, the age at first breeding and

growth rates are limited by the availability of food (Boutin,

1990; Schmidt and Hoi, 2002; Tarr and Pekins, 2002); and that

in raptors, supplementary feeding tends to advance laying

(Aparicio and Bonal, 2002), increase clutch size (Newton and

Marquiss, 1981; Aparicio, 1994; Korpimäki and Wiehn, 1998)

and improve breeding success (Hansen, 1987; Gehlback and

Roberts, 1997; Wiehn and Korpimäki, 1997; but see Gende

and Willson, 1997). Although it has been criticised because

it interferes with the normal behaviour of the individuals it

is trying to help (Boutin, 1990), this technique was recom-

mended by handbooks on how to manage threatened raptors,

but only in cases when food resources are inadequate or con-

taminated (Newton, 1979; Olendorff et al., 1980; Millsap et al.,

1987; Cade and Temple, 1995). This led to the national strategy

for the species and the regional (autonomous communities)

recovery plans recommending the study and use of this tech-

nique (González, 1996b; MMA, 2001), which ideally: (a) could

be applied selectively to nesting pairs with food shortage

problems, (b) does not require access to the nests or the

chicks to be handled and (c) would be tested to check how

effective it was in improving the population’s breeding

parameters.

From a global perspective, the following factors are

thought to limit the species’ breeding success: (1) an increase

in the number of inexperienced pairs as a result of high adult

mortality (Ferrer et al., 2003); (2) a lack of wild rabbits (espe-

cially after 1989), as a result of a decrease in their population

because of RHD and (3) the mortality of chicks in the nest and

young fledglings as a result of poor parental quality (Gonzá-

lez, 1991). Therefore, we predict that by increasing food avail-

ability with supplementation the breeding success should

increase.

The aims of this paper were to study: (1) the causes and

occurrence of nestling mortality, (2) the factors that lead to

sibling aggression and how they are related to the availability

of food; (3) the effect of supplementary feeding on this spe-

cies’ breeding success and (4) to describe a supplementary

feeding system that can be carried out properly during
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chick-rearing and to discuss its implications in the manage-

ment and conservation of this threatened species.

2. Materials and methods

2.1. Study species

The Spanish imperial eagle is a sedentary, territorial and

monogamous species. The highest densities of its population

are found on plains and mountain ranges with scattered Med-

iterranean forest and open savannah (dehesas), where wild

rabbits are abundant (González, 1991). Their clutch size can

range from 1 to 4 eggs and the birds may raise up to four

chicks. The eggs hatch asynchronously with a difference of

up to 7 days between the chicks, and sibling aggression

mainly occurs in the first two weeks of the chicks’ lives (Gar-

zón, 1973; Meyburg, 1987; González, 1991). Incubation, brood-

ing, the feeding of the chicks and nest-building tasks are

mainly taken care of by the females, except for the food pro-

visioning to the female, which is generally carried out by the

males. Food transfers from males to females are mainly car-

ried out near the perches where they generally eat the prey

(Margalida et al., in press).

2.2. General methods

The study was carried out within the framework of the Spe-

cies Recovery Plans of the Autonomous Communities of Cas-

tilla y León, Castilla-La Mancha, Madrid and Extremadura

(west central Spain), which constitute most of the Spanish

imperial eagle’s range.

The nests were monitored around hatching and during

the first days of the chicks’ lives, every 2–4 days, in order

to check the number of chicks that had hatched. After the

chicks were approximately two weeks old, observations were

carried out every 5–7 days until the chicks fledged. Observa-

tions were conducted from prominent spots using 20–60·
spotting scopes located approximately 600–800 m from the

nest, a distance at which no alert reactions or alterations

to adult behaviour were noted (González et al., 2006).

Observers only approached the nest or its surrounding area

if a chick or the whole clutch had disappeared, in order to

determine the possible causes and to collect any remains

or carcasses. When we found that there were no remains

of the chicks that had disappeared – either in the nest or un-

der it – we assumed that partial brood disappearance was

due to siblicide, based on the fact that we have observed

cannibalism by aggressive siblings (see also Meyburg, 1975,

1987). In the cases of the other known causes (e.g., illness,

collapse of the nest, predation, theft, or poison), we observed

that they usually lead to the loss of the whole brood, since

all chicks are affected equally.

The food used in the supplementary feeding programme

(SFP) was the domestic European rabbit, with a similar colour

to the wild species and obtained from farms free of infec-

tious/contagious or parasitic diseases. The rabbits were placed

on high and visible branches of trees (perches) situated within

the pair’s nesting territory and in places that did not disturb the

birds in the nest. Moreover, the perches were inaccessible to

carnivores and carrion-eating mammals such as red foxes
and dogs. The age of the rabbits ranged between 8 and 12 weeks

and each weighed about 1 kg. The rabbits were eviscerated (ex-

cept for the liver) immediately after they were killed, and those

that were stored (frozen until used) were not kept for more than

five days. After the rabbit was placed on the branch, the nest

and the roost were watched from the vantage point until the

rabbit was taken and we recordedwhether the rabbit was taken

by the pair or not. Food was only provided to nests with more

than one chick, and this supplementary feeding (SF) started

after the hatching of the second chick. The feeding began

approximately a few days after the chicks hatched and it

stopped when they were fledging from the nest. Food consisted

of one rabbit each time and was provided every 2 days in broods

of three chicks, and every 4 days in broods of two.

2.3. Sample sizes and statistical analyses

We used non-parametric statistics throughout (Sokal and

Rohlf, 1995). The statistical significance was set at P < 0.05.

Values are presented as means ± SD.

In order to study the occurrence of nestling mortality and

its causes, 1192 nesting events (hereafter called ‘‘nests’’) (in

which there was at least one chick) belonging to 143 territo-

ries, were monitored during the period 1988–2003.

To study the possible factors that could lead to sibling

aggression, we carried out detailed observations of aggressive

chick behaviour in 59 nests in 42 territories where sibling

aggression was detected. Of these, 22 nests in 17 territories

were provided with SF, while 37 nests in 25 territories were

not provided with SF.

To measure the effect of SF on the breeding success, we used

the fledging rate, defined as the number of chicks that fledged

in relation to the number of nests in which there was at least

one chick (Cheylan, 1981). Since data coming from the same

territory are not necessarily independent, and to avoid any

pseudoreplication problems, we used each territory as a sam-

ple unit (instead of each breeding event). Using Wilcoxon-

signed rank tests, we compared the average fledging rate for

each territory for the years before receiving supplementary

food, with the average fledging rate for the years when supple-

mentary food was provided. In order to do this, and so as to

make averages biologically meaningful, of the global sample

of territories we selected those in which: (a) the breeding

parameters had been studied for a minimum of nine years,

(b) the incubation process in those nine years had proceeded

without incident and at least one chick had hatched in each

nest, and (c) the SFP had been carried out for a minimum of

three years. Thus, of the 69 territories where the SFP (Table 1)

was applied, a control sample of 37 territories was selected,

which met all three of the above criteria. In this control sample,

we compared the fledging rate of the 240 nesting events with SF

with that of 236 nestswithout SF. Later we also studiedwhether

the possible differences in the fledging rates between territo-

ries with and without SF were due to:

(1) the pair’s age class. Here we used data from 19 territories

chosen at random from the sample, in which at least

one member of the pair had subadult plumage (aged

under 6 years, authors unpubl. data), hereafter named

subadults territories. Within those territories, 52 nests



Table 1 – Number of Spanish imperial eagle nests
involved in the annual supplementary feeding
programme and the total number of young that fledged
each year

Year Nests (n) Number of young fledged (n)

1990 2 2

1991 6 5

1992 8 12

1993 6 10

1994 8 13

1995 10 22

1996 15 21

1997 16 31

1998 26 46

1999 37 76

2000 49 71

2001 49 67

2002 46 67

2003 41 49

Total 319 492
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received SF and 46 nests did not. Wilcoxon-signed rank

tests were used to compare fledging rates for each terri-

tory before and after SF for this subsample.

(2) habitat quality, in terms of the abundance of rabbits in

the Spanish imperial eagle’s home ranges. The abun-

dance of rabbits was established in accordance with

the classification established in rabbit studies carried

out in our study area after the arrival of RHD (Blanco

and Villafuerte, 1993; Villafuerte et al., 1995), which indi-

cated that the rabbit could be considered abundant

when it was found in relative average densities over 1

rabbit/ha (range found 1–7.8). These values were associ-

ated with at least one hunting preserve devoted to rabbit

hunting, whilst below this figure the rabbit was consid-

ered scarce or very scarce (range 0.9–0), values associ-

ated with areas that contained no hunting preserves

devoted to rabbit hunting. Bearing in mind the close

relation between the range and the abundance of rabbits

and that of the Spanish imperial eagle (see González

et al., 1992), we considered the territories where the rab-

bit was classified as abundant as being of high quality

and those where it was classified as scarce or very

scarce as being of low quality. The home range was

defined as an area measuring 5000 ha (the average home

range size of five radio-tagged breeding individuals was

5553 ha, authors unpubl. data). We thus performed two

extra Wilcoxon-signed tests comparing the fledging rate

before (62 nests) and after (42 nests) SF in high quality

territories (n = 8), and before (174 nests) and after (189

nests) SF in low quality territories (n = 29). Comparison

of the average fledging rate between territories of high

or low quality were performed with Mann–Whitney U-

tests, using the average value for each territory in each

category as a data unit.

(3) the influence of RHD. We compared the breeding success

obtained in the period before RHD, from 1971 to 88 (Gonzá-

lez, 1991), with success in the same area after the arrival of

the disease (1989–2003) without supplementary feeding. For
this we compared the fledging rate of the 37 control sample

territories (post-VDH), with a sample of 42 territories (243

nests) during the period 1971–1987, in other words before

the arrival of RHD (see González, 1991), which met the

abovementioned criteria (a) and (b) of the selection of terri-

tories in the control sample and which we called the pre-

RHD sample. Moreover, and to see if in the age class influ-

enced the possible differences between the fledging rates

in these samples, we compared the fledging rates of 20

subadults pre-RHD territories (26 nests) with those of 19

subadults post-RHD territories (46 nests). And, in order to

check the effect of the abundance of rabbits in the territory,

we compared the fledging rates of 20 high-quality pre-RHD

territories (110 nests) with those of 8 high-quality post-RHD

territories (62 nests) and 20 pre-RHD low-quality territories

(133 nests), with the sample of 29 post-RHD low-quality ter-

ritories (174 nests) that did not receive SF. As before, breed-

ing success was compared using Wilcoxon-signed ranked

tests.

(4) the frequency of the years of SF; using Kruskal–Wallis tests,

we compared the average fledging rates of the territories

according to whether they had received SF for 1–2 years

(20 territories), 3–4 years (17 territories), 5–6 (17 territories)

or more than 7 years (15 territories).

To assess whether the feeding programme succeeded in

avoiding brood reduction, we used data from 37 territories,

comparing between nests with (21 nests) and without (62

nests) brood reduction, comparing (with Mann–Whitney U-

tests) between both groups the average of chicks that fledged,

their approximate age (in accordance with the age-classifica-

tion in González, 1991) at the start and the end of the feeding,

the number of days the feeding lasted for, the number of days

and the interval between successive rabbit deliveries.

To assess whether the provisioning of natural prey and

behaviour at the nests was modified by the SF, we used data

from 51 nests of 18 territories where the rabbits in the feeding

programme had white or black-and-white fur that could be

easily differentiated at a distance from the brown fur of a wild

rabbit. In these cases, the natural prey taken to the nest was

recorded. In addition, the frequency with which adults, by

sex, took prey to the nest was recorded at three control nests,

which did not receive supplements. These observations were

carried out in nest surveys involving a total of 5499 hours over

503 field days (average 721.6 ± 276.54 h observation per pair,

range 207–1011). A Mann–Whitney U-test was used to monitor

differences in the provisioning rate between males and fe-

males in nests with SF vs those without SF.

3. Results

3.1. Mortality of chicks in the nest

We recorded the death or disappearance of 209 chicks in 166

nesting events in our study period (Table 2). This mortality

constitutes 9.3% (n = 2252) of the chicks hatched and 13.9%

(n = 1192) of the nests monitored. Of 41.1% of the chicks that

died or disappeared, no bodies or remains were found in the

nests or the surrounding area. Of these cases in 28 nests (41

chicks), the entire clutch disappeared, whilst in 41 nests (45
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and without (black columns) supplementary feeding during

the period 1991–2003.

Table 2 – Frequency and causes of mortality of Spanish
imperial eagle chicks in the nests

Cause Chicks Nests (n)

Siblicide 47 45

Disease-malnutrition 18 14

Predation 1 1

Collapse of the nest 22 12

Theft 11 7

Poisoning 13 7

Storm 1 1

Accidental falling from nest 10 10

Disappearance 86 69

Total 209 166
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chicks), one or two chicks disappeared, with at least one chick

remaining.

Necropsies determined that 38.2% of the deaths had been

caused by traumatic lesions and wounds attributable to sib-

ling aggression (possible siblicide), 17.9% caused by the nest

collapsing, 14.6% due to disease/starvation, 10.6% caused by

poisoning, 8.9% due to theft, 8.1% due to the chick falling from

the nest and the remaining 1.6% due to adverse weather con-

ditions and predation.

In the sample of nests in which we observed sibling

aggression and no SF was provided (see Section 2), we directly

recorded the death of 39 chicks due to siblicide (45.3%, n = 86

chicks born). Moreover, in the sample of 22 nests in which SF

was carried out and where siblicide behaviour was detected,

only three chicks died (6%, n = 50 chicks born) of which one

was due to disease not siblicide; the proportion of hatched

chicks dying due to siblicide was significantly different be-

tween nests with SF and with no SF (v2 = 22.935, df = 1,

P < 0.0001). In the sample of nests with SF where sibling

aggression was monitored, sibling aggression ceased a few

days (2–4 days) after the SF started. In this context and adding

the 45 chicks assumed to have died due to siblicide that dis-

appeared from clutches with more than one chick mentioned

above (see Section 2), then this implies that in 54.8% of the

chicks that died (n = 168) and in 69.6% of the nests with mor-

tality (n = 138 nests), sibling aggression was the cause

involved.

3.2. Fledging rate before and after the feeding programme

The average fledging rate of the territories before receiving SF

was 0.72 ± 0.56 young/pair while their rate after receiving SF

was 1.56 ± 0.64 young/pair (Wilcoxon-signed ranks test

z = 5.03, df = 36, P = 0.0001) (Table 2). In 33 (89.2%) of the pairs

it was possible to increase the number of chicks fledged, in

one (2.7%) it remained constant and in 3 (8.1%) it was lower.

During the years of the study period, the annual fledging

rate of the territories with SF was higher than in those with-

out the SF (Mann–Whitney U-test, z = 3.87, P < 0.0001, Fig. 1),

and, despite the slight decrease observed in the last few

years, the tendency over time is not significant (with SF:

Spearman rank correlation index rs = �0.14, P > 0.25, n = 13;

without SF: rs = �0.36, P > 0.10, n = 13).
3.3. Fledging rate in subadults territories

The fledging rate in the subadults territories before receiving

SF was 0.53 ± 0.69 young/pair, while their rate after receiving

SF was 1.57 ± 0.66 young/pair (Wilcoxon-signed ranks test

z = 3.29, df = 18, P = 0.001).

In territories with SF there was a negative, significant cor-

relation between the fledging rate and the proportion of nests

with subadults pairs (rs = �0.49, P < 0.05, n = 13). This was not

the case in the pairs that did not receive SF (rs = �0.29,

P > 0.05, n = 13) where the fledging rate remained constant

over time despite the observed increase in the number of

subadults territories in the last 3 years (Fig. 2).

3.4. Fledging rate differences linked to the habitat quality

In high quality territories, fledging rate was significantly

greater when SF was carried out than when it was not (Table

3, Wilcoxon-signed rank test z = �2.52, df = 7 P = 0.0117). In

low-quality territories, these differences were noticeably

higher, with supplemented nests producing 2.5 times more

fledglings (Table 3, Wilcoxon-signed rank test z = �2.52,

df = 28, P = 0.0001). Overall, there were also significant differ-

ences in the fledging rate between high- and low-quality hab-

itats with SF (Mann–Whitney U-test, z = 3.54, P = 0.0004) and

without SF (Mann–Whitney U-test, z = 4.04, P = 0.0001).



Table 3 – Differences in fledging rate in territories with
high- and low-quality habitats, with and without
supplementary feeding

High-quality
habitat (n = 8)

Low-quality
habitat (n = 29)

SF No. SF SF No. SF

Fledging

rate

2.32 ± 0.5 1.36 ± 0.65 1.35 ± 0.5 0.54 ± 0.38

Nests (n) 42 62 189 174
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3.5. Fledging rate in pre- and post-RHD periods

3.5.1. Territories without supplementary feeding
The fledging rate recorded in the post-RHD period in territo-

ries that did not receive SF (Fig. 3) was significantly lower than

the fledging rate in the pre-RHD period (pre-RHD: 1.31 ± 0.62,

n = 243 vs post-RHD: 0.72 ± 0.56, n = 236, Wilcoxon-signed

rank test z = �3.66 P = 0.0003); although this tendency does

not occur if we consider only the subadults territories (pre-

RHD: 0.35 ± 0.57, n = 26 vs post-RHD: 0.53 ± 0.69, n = 46, Wilco-

xon-signed rank test z = 1.019 P = 0.308) or the high-quality

territories (pre-RHD: 1.42 ± 0.74, n = 110 vs post-RHD:

1.36 ± 0.65, n = 62, Wilcoxon-signed rank test z = �1.01

P = 0.31). In contrast, it was notable and significant in the

low-quality territories (pre-RHD: 1.18 ± 0.42, n = 133 vs post-

RHD: 0.54 ± 0.38, n = 174, Wilcoxon-signed rank test

z = �3.36, P = 0.0008).

3.5.2. Territories with supplementary feeding
The fledging rate recorded in the pre-RHD period in territories

with SF was greater than in territories post-RHD (Fig. 3) in all

cases, although the differences were only statistically signifi-

cant in the case of the subadults territories (pre-RHD:

0.35 ± 0.57, n = 26 vs post-RHD: 1.57 ± 0.66, n = 52, Wilcoxon-

signed rank test z = 3.68, P = 0.0002).

3.6. Fledging rate related with the frequency of feeding
years, chick age and the duration and frequency of the
supplementary feeding

No significant differences were found in the fledging rate in

relation to the number of years over which the SFP was car-

ried out (Kruskal–Wallis H = 2.51, df = 3, P = 0.47, Table 4);
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Fig. 3 – Fledging rate recorded in territories in the pre-RHD

period (white columns) and in the post-RHD period without

(black columns) and with supplementary feeding (grey

columns).
However, the fledging rate in territories where the SFP was

carried out for >7 years was greater than in territories where

it was carried out for a shorter period.

The only significant difference found between the differ-

ent variables that explain the success or failure of SF in alter-

ing brood reduction (Table 5) was in the days the feeds were

carried out (with brood reduction: 41.25 ± 16.62 vs without

brood reduction: 57.43 ± 16.39 days Mann–Whitney U-test

z = 2.82, P = 0.0048). We could not detect a difference in the

age at the start of feeding (with brood reduction: 4.65 ± 6.21

vs without brood reduction: 2.59 ± 4.84 Mann–Whitney U-test

z = �1.66, P = 0.097) and the interval between feeds (with

brood reduction: 2.74 ± 0.55 vs without brood reduction:

2.60 ± 0.99 days Mann–Whitney U-test z = �1.80, P = 0.072).

Nevertheless, the results suggest a tendency for territories

in which SF of the chicks began at an earlier age, and in those

with more frequent feeds and smaller intervals between

feeds, to be those in which brood reduction was avoided.

3.7. Effects of the supplementary feeding programme on
the provisioning of natural prey and on the provisioning of
food to the nest

The proportion of domestic rabbits (food supply) in the birds’

diet of 51 nests from 18 territories that received SF

(87.76 ± 11.78%; range 31.7–100%, n = 6251 prey items) was

similar to the proportion of wild rabbit in three nests that

did not receive SF (86.05 ± 13.68%; range 66.7–95.87, n = 394

prey items).

The prey provisioning rate of males and females (Table 6)

was not different in nests with SF compared with those that

did not receive SF in males (Mann–Whitney U-test z = �0.91,

P = 0.361) or in females (Mann–Whitney U-test z = 0.36,

P = 0.715).

4. Discussion

The causes of chick mortality in the Spanish imperial eagle

nests recorded in our study continue to be the same as those

found in the same study area during the period 1971–1987

(Garzón, 1973; González, 1991). However, the frequency of

mortality detected (9.3%) was a third lower than in the com-

parison period (26.2%, n = 138) (González, 1991). During our

study period, there was a great increase in activities aimed

at conserving Spanish imperial eagle nests, e.g.: mainly nest

monitoring and surveillance, securing nest structures and

supplementary feeding (González and Oria, 2003). There is

no doubt that these activities can be associated with the de-

crease in the frequency of the mortality of chicks in the nest

during our study period.
Table 4 – Variation in the fledging rate in the Spanish
imperial eagle according to the number of years the
supplementary feeding programme was carried out

1–2 years 3–4 years 5–6 years >7 years

Fledging rate 1.45 ± 0.84 1.46 ± 0.72 1.41 ± 0.63 1.74 ± 0.61

Nests (n) 28 62 93 136

Territories (n) 20 17 17 15



Table 5 – Average and ranges of the chicks (in days), of the frequencies and interval in days between feeds and of the
number of rabbits taken to the nest in nests that received supplementary feeding with or without brood reduction

Chicks
hatched

Chicks
fledged

Age of chick
when SF started

Age of chick
when SF ended

Days of SF Interval
between

days of SF

Number of
domestic rabbits

in the SF (n)

Nests (n)

With brood reduction

4 3 6 96 35 3.5 102 1

3 2 8 (3–20) 103 (50–137) 48.7 (41–63) 3 (2–4) 79.4 (18–138) 6

3 1 0 118 70 2 129 1

2 1 8.6 (0–17) 98.7 (28–136) 34.4 (16–66) 2.6 (2–4) 60 (16–130) 13

Without brood reduction

3 3 1.7 (0–8) 130 (105–153) 59.7 (35–78) 2.4 (2–4) 170.1 (101–208) 16

2 2 2.9 (0–19) 127 (76–155) 56.7 (13–84) 2.7 (2–6) 120.2 (24–155) 46

Table 6 – Prey items delivered per hour by males and females in nests with and without supplemental feeding

Male Female Male–female Prey items (n) Nests (n)

With SF 0.093 ± 0.039 0.043 ± 0.032 0.136 ± 0.057 490 6

Without SF 0.090 ± 0.084 0.041 ± 0.020 0.131 ± 0.086 412 5
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Unlike other studies (in other study areas) of the Spanish

imperial eagle in which this was not even detected (Calderón

et al., 1987; Ferrer, 1993), in our study sibling aggression con-

tinues to be the main cause of mortality, accounting for 54.8%

of all cases. The reason why mortality due to sibling aggres-

sion was not detected in previous studies possibly lies in

the methodology used, which, unlike ours, did not include

the regular observation of chicks in the nest, especially when

they were very young (see Calderón et al., 1987; Ferrer, 1993).

Our results also showed that sibling aggression, as recorded

in other studies of large eagles (Meyburg, 1978), stopped when

supplementary food was brought to the nest in 100% of the

cases (n = 59) in which this was carried out. This implies that

supplementary feeding in nests with a risk of, or the begin-

nings of, sibling aggression, is an effective alternative for mit-

igating the mortality of chicks in the nest. This makes the

removal of chicks (which may die because of this) from the

nests unnecessary and unjustified.

Our results show that the production of fledglings was

limited by food, as has been suggested by previous studies

on avian reproduction (e.g., Simons and Martin, 1990; Rich-

ner, 1992; Wiehn and Korpimäki, 1997). In accordance with

other studies (Wiehn and Korpimäki, 1997), this happened

not only in low-quality but also in high-quality territories.

Likewise, our results show that in the Spanish imperial eagle,

as it was suggested in the past (Meyburg, 1974, 1978) and as in

other species (Wiebe and Bortolotti, 1995; Estes et al., 1999),

food-limited reproductive output, either directly though star-

vation or indirectly though sibling competition and siblicide

varies in accordance with the food-amount hypothesis (Mock

and Parker, 1987; Dewey and Kennedy, 2001). In the Spanish

imperial eagle, a species with facultative siblicide, asynchro-

nous hatching facilitates the appearance of size and domi-

nance hierarchies and thus brood size reduction to match

the available levels of resources provided by parents, thus

creating a regulatory mechanism that facilitates the death
of the chicks in situations when food is scarce, in accordance

with Lack’s (1954) hypothesis. Our experimental food supple-

mentation provides support for this hypothesis, unlike the

findings of another study of the Spanish imperial eagle (Fer-

rer, 1993) and coinciding with what has been observed in

other species such as the Black Kite (Milvus migrans) (Viñuela,

2000).

Like the findings of other studies, (e.g., Hansen, 1987;

Wiebe and Bortolotti, 1994; Gehlback and Roberts, 1997;

Wiehn and Korpimäki, 1997; Redpath et al., 2001) our re-

sults show that supplementary feeding is effective in

increasing breeding success, both in subadults and non-

subadults territories and high- and low-quality territories.

The results show that territories with additional food pro-

duced twice the number of young as those in the control

territories without extra food. Moreover, in the case of

subadults territories or low-quality territories, the number

of young almost tripled. The fact that most of the subadults

territories were located in marginal, low-quality habitats

(González et al., 1992), could explain why the effect of sup-

plementary feeding on their fledging rate was greater than

in non-subadults territories. For this reason, it appears rea-

sonable to recommend that such subadult territories be gi-

ven priority for supplemental feeding. On the other hand,

the fact that supplementary feeding also increased the

fledging rate of territories of high-quality habitats suggests

that the supplementary food, as we mentioned earlier,

may be more important than the abundance of rabbits in

the wild. However, it could be interpreted that in high-qual-

ity territories (based on the abundance of rabbits), the avail-

ability of food could be lower than the species’ potential

productive capacity.

We have shown that supplementary feeding helped mit-

igate the effects of the decrease in the rabbit populations

due to RHD on the breeding success of the eagles. Territo-

ries subjected to supplementary feeding after the arrival
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of the RHD recovered and even exceeded pre-RHD levels.

This effect was more notable in the case of subadults terri-

tories. In this context, the effect of supplementary feeding

programme in maintaining the fledging rate in the post-

RHD period on a large number of territories and during a

considerable number of years (15) (see Table 1) may have

had a great impact on the annual growth rate of the popu-

lation of this species (almost 4%) in the last decade (Gonzá-

lez and Oria, 2003).

The methodology of the supplementary feeding pro-

gramme carried out in our study avoids intraspecific con-

flicts because the food is located in places (perches) that

are inaccessible to terrestrial carnivores and are situated in-

side of the limits of the territory defended by the eagles.

The Spanish imperial eagle is a territorial species; the de-

fence of the resources within its territory will avoid intru-

sions by conspecifics that may have a negative effect on

its breeding success. Also the extra food is provided regu-

larly (every 2–3 days) and in small quantities (1–3 rabbits),

which covers the birds’ feeding requirements without pro-

ducing any accumulation.

In this respect, it should be pointed out that although arti-

ficial feeding stations could be used as an alternative method

to our method, since the Spanish imperial eagle frequently

feeds on carrion (Hiraldo et al., 1991; González, 1991), feeding

stations do not meet the requirement of being selective,

which is necessary in order to be effective. This is because

the feeding stations do not guarantee that the adults in a spe-

cific territory will exploit the food. Another possibility would

be to place the feeding station near a target nest, but it could

provoke an increase of disturbance and interactions with the

carrion-eating birds (vultures, eagles and crows), which

would no doubt be attracted to the area. Similarly, taking prey

items directly to the nest is not advisable because it entails

the risk of disturbing the birds’ parental care, which may have

negative effects, as has been studied in raptors (Newton, 1979;

Grier and Fyfe, 1987). Instead we took advantage of the fact

that the individuals in the territory generally have regular

perches, far away from the nests, where the male takes prey

and where the female goes to take collect it before taking it

to the nest. By placing domestic rabbits on these perches at

distances greater than 600 m, which do not disturb the birds

(González et al., 2006), and at times when the male was ab-

sent, we avoided interrupting the parental care and could

substitute the role of the male in a manner than minimised

disturbance.

In conclusion, the Spanish imperial eagle’s supplementary

feeding programme, as we have described it, can be consid-

ered an effective, safe tool, which can help reduce the mortal-

ity of chicks in the nest due to sibling aggression. It can also

help maintain, and even improve, the fledging rate of the pop-

ulation in situations when food is scarce or under emergency

conditions.
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Argüello, J.L., Llanos, A., Pérez-Ordoyo, L.I., 1988. Enfermedad
vı́rica hemorrágica del conejo en España. Medicina Veterinaria
5, 645–650.

BirdLife International, 2004. Threatened Birds of the World 2004.
BirdLife International, Cambridge (CD-ROM).

Blanco, J.C., Villafuerte, R., 1993. Factores ecológicos que influyen
sobre las poblaciones de conejos. Incidencia de la Enfermedad
Hemorrágica. TRAGSA-Ministerio de Medio Ambiente, Madrid.

Bortolotti, G., 1986a. Evolution of growth rates in eagles: sibling
competition versus energy considerations. Ecology 67,
182–194.

Bortolotti, G., 1986b. Influence of sibling competition on nestling
sex ratios of sexually dimorphic birds. American Naturalist
127, 495–507.

Boutin, S., 1990. Food supplementation experiments with
terrestrial vertebrates: patterns, problems and the future.
Canadian Journal of Zoology 68, 203–220.

Cade, T.J., Temple, S.A., 1995. Management of threatened bird
species: evaluation of the hands-on approach. Ibis 137, 161–172.

Calderón, J., Castroviejo, J., Garcı́a, L., Ferrer, M., 1987. El Águila
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Margalida, A., González, L.M., Sánchez, R., Oria, J., in press.
Parental behaviour of Spanish imperial eagles (Aquila
adalberti): sexual differences in a moderately dimorphic raptor.
Bird Study.

Martı́nez, J.E., Calvo, J.F., 2001. Diet and breeding success
of eagle owl (Bubo bubo) in southeastern Spain: effect of
rabbit haemorrhagic disease. Journal of Raptor Research 35,
259–262.

Meyburg, B.U., 1974. Sibling aggression and mortality among
nestling eagles. Ibis 116, 224–228.

Meyburg, B.U., 1975. On the biology of the Spanish Imperial Eagle
(Aquila heliaca adalberti). Ardeola 21, 245–283.

Meyburg, B.U., 1978. Sibling aggression and cross-fostering of
eagles. In: Temple, S.A. (Ed.), Endangered Birds Management
Techniques for Threatened Species. University of Wisconsin
Press, Madison, pp. 195–200.

Meyburg, B.U., 1987. Clutch size, nestling aggression and breeding
success of the Spanish imperial eagle. British Birds 80,
308–320.

Meyburg, B.U., Garzón, J., 1973. Sobre la protección del Águila
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