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Abstract

The greenery and arthropod nest composition has been studied in a population of

Bonelli’s eagle Hieraaetus fasciatus in south-east Spain, relating them to the plant

availability within territories and breeding success of pairs. Greenery was invari-

ably from trees and shrubs, with pine and oak species accounting for 78% of the

nest composition in weight. All eagle pairs with Pinus pinaster availability in

territories actively selected it for nest greenery. This pine species is characterized by

a high level of aromatic compounds, particularly b-pinene, highly repellent for

insects. The amount of pine greenery in the nest was correlated with a lower

presence of ectoparasites in that nest (blow fly larvae, Protocalliphora), and higher

breeding success of pairs. We discuss whether a coevolutionary process between

parasites and their hosts has guided a particular nesting strategy of the eagles to

improve their breeding success.

Introduction

In the evolutionary process, different breeding strategies

have emerged to increase breeding success through different

nest types (Collias & Collias, 1984). In this way, different

bird species nest on the ground, in holes or in aerial sites,

and some of them place green plant material in their nests.

Sometimes, this greenery is not a proper part of the nest

structure, but is placed haphazardly around the edges or

inside the nest (Hansell, 2000).

Raptorial birds are more likely than passerines to use

green vegetation in nest construction (Wimberger, 1984).

However, most of the studies on the functional significance

of greenery in nests have been performed in passerines, due

to easy access to their nests and the threatened conservation

status of most raptors, which prevents experimental studies.

When passerine species use greenery in their nests, the plants

are mainly aromatic herbs (Clark, 1991; Gwinner, 1997;

Lambrechts & Dos Santos, 2000); however, greenery identi-

fied in raptor species nests was invariably from trees and

shrubs, never from herbaceous species (Wimberger, 1984).

Several non-exclusive hypotheses have been put forward to

explain the presence of green material in bird nests:

(1) The courtship hypotheses suggest that males use green

plants to attract females (Fauth, Krementz & Hines, 1991).

Males carry herbs and tree leaves into their nest and also

ornament them with flowers, lichens, bark, large feathers or

artefacts such as ribbon, pieces of metal or plastic foil

(Collias & Collias, 1984; Gwinner, 1997).

(2) Compounds in green nest material control nest-dwelling

ectoparasites, because herbs can delay the development of

mites, for instance by inhibiting their moult (fumigation

hypothesis; Clark & Mason, 1988). These compounds are

hydrocarbons, mainly monoterpenes and isoprenes (Ras-

musen, 1972). A finding consistent with this hypothesis is

that birds breeding in holes, in which parasites are assumed

to accumulate with repeated nest use, use green nest material

more frequently than open-nesters, which use their nests

only once (Clark & Mason, 1988).

(3) Herbs improve the condition of the nestling, perhaps by

stimulating elements of the immune system that help them

to cope better with ectoparasites (medication hypothesis;

Gwinner et al., 2000).

Parasites can impair the growth and survival of nestlings

and the parents have evolved several strategies to reduce the

cost of parasitism. One strategy is to incorparate green plant

material into the nest, which can mitigate the nest-based

parasite load. Thus, in nests with a large amount of green

material, the fumigation hypothesis predicts that there are

less nest-based parasites, and the medication hypothesis that

nestlings improve their healthy condition; in both predic-

tions, pairs increasing breeding success.

Bonelli’s eagle Hieraaetus fasciatus is an endangered

European raptor (Rocamora, 1994) that, in southern Spain,

nevertheless has a good conservation status and nests

mainly in cliffs, within rugged landscapes (Arroyo, Ferreiro

& Garza, 1995). In this paper, we present data from a

Bonelli’s eagle population located in the south-eastern
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Iberian Peninsula, and analyse the productivity of the pairs,

arthropods and green material in nests, and relate them to

the availability of vegetation species within the territories.

For several reasons, this population is appropriate to test

hypotheses on the function of green plant material in nest:

(1) territories differ in landscape, particularly in vegetation

composition; (2) pairs have high nesting-site availability in

their territories (Ontiveros, 1999); (3) within each territory,

there are several nests used alternatively among years; (4)

adults carry large amounts of green material before and

during the breeding season; (5) breeding success and breed-

ing density are weakly affected by human interference in the

study area (Ontiveros & Pleguezuelos, 2003a); and (6) the

population has the highest breeding success for this species

in Western Europe, indicating a healthy status (Ontiveros &

Pleguezuelos, 2003a,b).

Material and methods

A clumped population of Bonelli’s eagle pairs was studied in

eastern Andalusia (southern Spain) during the period

1994–2006. All nests included in this study were located in

cliffs, because this eagle is a cliff-nesting raptor that rarely

nests in trees in Spain (Arroyo et al., 1995). The study area is

largely mountainous, and the climate is typically Mediterra-

nean, with the mean minimum temperatures ranging from

0.5 to 6.5 1C in winter (January), the mean maximum

temperatures ranging from 28.0 to 34.5 1C in summer (July)

and the mean annual rainfall ranging from 375 to 850mm

(30-year standard meteorological averages; CMA, 1997).

The vegetation consists of evergreen oak Quercus ilex,

scrubs and some species of pines Pinus spp., mixed with

cultivated areas of cereals and orchards in the foothills,

plains and valleys.

Initially, the sample was of 84 nests belonging to 20

Bonelli’s eagle pairs. However, we rejected 26 nests because

they were unoccupied during the study period (13 years), 19

nests because they were occupied for only 1 year (thus

unsuitable for gaining an average picture for productivity

of the pairs) and 28 nests because of the presence of different

circumstances that prevented their inclusion in the analysis,

such as nesting-cliff inaccessibility for greenery analysis,

predation and human disturbance. Thus, we tracked a sub-

sample of 11 pairs from which we recorded 45 unequivocal

breeding attempts, in order to analyse nest-greenery selec-

tion and nest-greenery effects on breeding trade-offs of the

eagles.

To examine each nest, we rappelled the nesting-cliff and

removed plant material in a radius of 40 cm from the central

point of nest, taking up to 1.5 kg of material. Bonelli’s eagle

nest measures on average 120� 80 cm on the top surface

and weighs dozens of kilograms (Cramp, 1998; D. Onti-

veros, J. Caro, J. M. Pleguezuelos, unpubl. data). Therefore,

removing up to 1.5 kg of nest material does not significantly

affect the nest structure. The nest material was collected in

2002, a few days after the nestlings left each nest (2–7 days

for all the pairs), avoiding interference with the breeding

process. Owing to the low adult mortality of the species in

the study area (Real & Mañosa, 1997; pers. obs.) and the

maintenance of vegetal composition in territories, we as-

sumed that the nest-greenery composition for the year 2002

was representative of the remaining years of the study

period. We analysed the weight of plant species used in the

nest, and the total number of ectoparasites found in the nest

material.

Here, we do not test the courtship hypothesis (see

‘Introduction’) to explain the presence of nest greenery in

bird nests, but it seems inconsistent for a raptor species such

as Bonelli’s eagle because (1) pairs remain stable over their

lifetime; (2) both (male and female) contribute to nest

building and maintenance (Newton, 1997); (3) if this hy-

pothesis was meaningful, the courtship could be performed

with dry twigs and branches, not with green material. We

test the greenery effects on breeding success, which implies

the confirmation of nest-greenery selection and their bene-

ficial effects, according to the following evidences: firstly,

birds collect green plant materials preferentially from spe-

cies that contain compounds toxic to arthropods and

secondly, that these materials in fact increase breeding

success, reducing the parasite numbers in the nest by

fumigation effects, or directly affecting nestlings. We tested

the two conjectures as follows:

Greenery selection

Greenery material selection was tested by means of the

Savage electivity index, Wi=Ui/Di (Manly, McDonald &

Thomas, 1993), where Ui=ui/u+; ui is the observed weight

of the plant species in the nest i and u+ is the total weight of

nest sample, and Di=di/d+; and di is the total percentage

surface occupied by the plant species in territories with

respect to the total surface area of the territories (d+). The

Bonelli eagle territory in the study area, calculated from half

the average distance between the central distribution of the

nests of neighbouring pairs in a clumped population, has a

radius of 5.0� 1.2 km (mean� SD; n=32; Ontiveros, 1999).

Nevertheless, all observations of eagles carrying material to

nest during the study period were recorded close to the

nesting cliffs; therefore, in a parsimonious way, we chose a

circular surface area defined by half of the radius of the

potential eagle territory as a feasible area for eagles to

collect plants. To measure the vegetation surface area in this

zone, the geographic information system was used on land-

scape maps (1:10 000) prepared by the regional government

of Andalusia (Spain), executed with the ARCVIEW GIS

3.2 software. The Savage index ranges from 0 to infinite;

values approach 0 for increasing avoidance, and to infinite

for increasing preference. The index assumes the value 1

when use is proportional to availability. We tested the

statistical significance of this index by comparing the statis-

tic (Wi�1)2/se(Wi)
2 with the corresponding critical value of

a w2 distribution with one degree of freedom (Manly et al.,

1993), and the standard error of the index [se(wi)] byp
{(1�Di)/(u+�Di)} considering the null hypotheses that

the eagle are selecting the nest greenery in proportion to

availability ui.
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Ectoparasite effects

For the ectoparasite analyses, we carefully checked the nest

material, collecting all stages of arthropods. For parasites,

we searched for larval and pupal stages, because these are

better indicators of the nest-parasite population than are

adult individuals (Richner & Tripet, 1999), due to fluctuat-

ing levels in adult-parasite infestation (Bize et al., 2003). To

evaluate the importance of greenery in repelling ectopara-

sites, we related the percentage of plant species present in

nest with the number of ectoparasite larvae, and eagle-pair

breeding success. Breeding success was defined as the aver-

age productivity for each pair in each nest (the average

number of fledglings raised per year). We also considered

the nest-change rate (number of possible nest-changes/

number of nest-changes), an index of alternative nest func-

tion within territories better than simply nest number, and

the cliff availability (UTM 1� 1 km2 with suitable nesting-

cliffs within territories; Ontiveros, 1999).

Because of the different amount of nest materials

obtained and the wide range of nest occupancy in the

sample, we performed partial correlation tests, controlled

by the weight of sample material of nest as a covariate, and

accomplished with a weighting option for years of nest

occupancy. The weight option allowed us to adjust the

contribution of individual cases to the outcome of an

analysis (Sokal & Rohlf, 1998).

Results

During this study, the laying period of the Bonelli’s eagle

ranged between 28 January and 24 February, and fledglings

left the nest between 12 May and 10 June. The mean

breeding success was 1.28 fledglings per pair (SD=0.33),

and each nest was occupied a mean of 4.27 years (SD=2.32),

these results being derived from 45 breeding attempts during

the 13 years of the study.

The greenery identified in nests was invariably from trees

and shrubs, pine and oak species grouping 78% of nest

composition, with a minor presence of other plants (Table

1). Pines (Pinus halepensis and Pinus pinaster) were the main

aromatic plants found in the nests, and we calculated the

Savage index only for these species. Three out of the 11

territories were devoid of pine species, and we found seven

with a significant positive selection of pine material for nests

and one with a significant negative selection (Table 2). The

territories with pines were occupied by P. pinaster, except

territory 10, which harboured only P. halepensis, and was

just in this territory where we found a negative selection for

pine material in nest. The percentage of P. pinaster in

nests was correlated with the breeding success of pairs

(rpartial=0.82; P=0.004), i.e. more pine greenery in

nests and more fledglings per nest.

Diptera were the only ectoparasites found in Bonelli’s

eagle nests (Table 2), specifically blow fly larvae (family

Calliphoridae, genus Protocalliphora), other arthropods

being Coleoptera and Miriapoda. There was a highly

significant and negative relationship between the percentage

of P. pinaster material and the number of blow fly larvae in

nests (r=�0.78; Po0.008), and between the number of

blow fly larvae and the breeding success of the nests

(rpartial=�0.73; P=0.017).

We failed to find any relationship between the percentage

of P. pinaster surface and number of nests in territories

(r=0.48; P=0.12), or the nest-change rate (r=0.39;

P=0.22), both variables transformed. When partial corre-

lations were performed in order to control for the factor cliff

availability within territories, we neither found a relation-

ship between percentage of P. pinaster and number of nests,

nor nest-change rate (rpartial40.48; P40.15 in both com-

parisons).

Discussion

The nest greenery identified in the present study was

invariably from trees and shrubs, never from herbaceous

species, as in passerine nests. This finding coincides with the

results of Wimberger (1984), who found that, in North

American and European Falconiformes, greenery use varies

geographically within a species in relation to the availability

of suitable plant species, but at the moment, the greenery

selection was not assessed, as we did for pine greenery in the

present study. Furthermore, we found a clear relationship

among pines, flies and breeding success: the higher the

percentage of pine in nests, the lower the amount of parasite

flies, and the higher the breeding success of eagle pairs.

It has been demonstrated that some passerines species

collect green plant materials preferentially from species that

contain compounds toxic to arthropods, (Sengupta, 1981;

Clark & Mason, 1988; Lambrechts & Dos Santos, 2000).

The wood stork Micteria americana stocks its nest with

green plants such as cypress, red cedar, wax myrtle or pines.

These preferred plants are rich in resins, and are, therefore,

expected to repel ectoparasites (Rodgers, Wenner & Schwi-

kerst, 1988). In this way, we also found greenery from pines

as the most abundant plant in nests of Bonelli’s eagle.

The groups of ectoparasites most responsible for host

mortality in nestling birds are Diptera, fleas, ticks and mites

Table 1 Average weight (in percentage) and standard deviation (SD) of green plant species within Bonelli’s eagle Hieraaetus fasciatus nests

Pinus

pinaster

Pinus

halepensis

Quercus

ilex

Salix

sp.

Olea

europaea

Prunus

dulcis

Rosmarinus

officinalis

Stipa

tenacissima

Hedera

sp. Unidentified

Mean 50.8 0.27 27.1 0.09 0.0009 3.2 1.43 0.03 0.01 12.2

SD 44 0.9 26.4 0.2 0.0003 9.2 4.6 0.12 0.04 24.6

n 7 1 11 2 1 2 2 1 1 3

n, number of nests with presence of any of the identified species for 11 territories of Bonelli’s eagle in the south-eastern Iberian Peninsula.
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(Herman, 1955). Particularly, the Protocallyphor fly larvae

that we found in nest overwinter and emerge about the time

the eggs hatch (Tirrell, 1978; Marshall, 1981). Ectoparasites

can have negative effects on the fitness of their host,

reducing the growth and survival of nestlings (Richner &

Heeb, 1993; Oppliger, Richner & Christe, 1994; Merino &

Potti, 1995; Fitze, Tschirren & Richner, 2004), causing

anaemia (Clark &Mason, 1988; Fauth et al., 1991), increas-

ing the metabolic rate (Møller et al., 1994), affecting

dispersal (Brown & Brown, 1992) and contributing to

the mortality of some raptors (Philips & Dindal, 1977;

Delannoy & Cruz, 1991). Moreover, parasites may not

directly affect the mortality of nestlings or adults; rather, in

a more subtle way, they may affect morbidity (Clark, 1991),

thereby inflicting greater impact on birds than simply nest

mortality.

Blow fly larvae found in Bonelli’s eagle nests (Protocalli-

phora) are ectoparasites of birds (Harold & Telford, 1947;

Marshall, 1981; Sabrosky, Bennett & Hitworth, 1989) and

other authors have demonstrated the important negative

impact on the breeding success of some birds (Hurtrez-

boussès et al., 1998; Bize et al., 2004; Puchala, 2004) and

the increase of parental effort in parasited nests (Hurtrez-

boussès et al., 1998). Adults are free-living flies that lay their

eggs in the nest material, after the host eggs hatch (Gold &

Dahlsten, 1989). The fly larvae live in the nest material and

feed intermittently on birds by sucking their blood, causing

nestling mortality and decreasing the breeding success of

hosts (Richner, Oppliger & Christe, 1993).

The antiparasite hypothesis is considered to be the most

feasible explanation for why some birds use alternative

nests, and bring green material to the nest (Wimberger,

1984; Lambrechts & Dos Santos, 2000). In fact, given a

choice between used and unused nests, some bird species

chose the unused and parasite-free nests significantly more

often (Stanback & Dervan, 2001). In response to parasitism,

birds have evolved behavioural, physiological and immuno-

logical strategies to reduce the effect of parasites (Heeb

et al., 1996; Møller & Erritzoe, 1996; Hart, 1997). When

detecting the presence of ectoparasites in their nests, the host

can avoid parasite contact by changing nest sites and/or

carrying aromatic plants to nests (Oppliger et al., 1994;

Christe, Richner & Oppliger, 1996a; Lambrechts & Dos

Santos, 2000). The host can also counteract these detrimen-

tal effects with increased preening and nest sanitation, and

by actively removing ectoparasites from the nestlings (Fra-

ga, 1984; Christe et al., 1996a) and/or increasing the feeding

rate (Christe, Richner & Oppliger, 1996b). However, ulti-

mately, parents may pay the cost of ectoparasitism by a

reduction in future reproductive success, which may be

mediated by the increase in current parental effort (Richner

& Tripet, 1999).

The aromatic compounds of plants are hydrocarbons,

mainly monoterpenes and isoprenes (Rasmusen, 1972). Pine

species have high levels of aromatic compounds (Guenther

et al., 1995), which often function as insect repellents (Levin,

1971), for instance, by inhibiting the insect moult (Clark &

Mason, 1988). Moreover, the maximum concentration of

terpenes is produced byMediterranean species in the coldest

season of the year (Llusià et al., 2006) and under wet

conditions (Llusià & Peñuelas, 1998), periods that in the

Mediterranean habitats of the study area coincide with the

nest occupancy by Bonelli’s eagles (Arroyo et al., 1995).

Pinus halepensis can be characterized on the basis of its

significant a-pinene content, and P. pinaster on the basis of

its b-pinene content (Gomes da Silva et al., 2001), and it has

been demonstrated that the former is attractive and the

latter highly repellent for insects (Heikkenen & Hrutfiord,

1965). Thus, the only pair that negatively selected pine

material for nests (pair 10; Table 2) had no availability of

P. pinaster in the territory.

Finally, we could think that territories with a low abun-

dance of P. pinastermust have a larger number of nests, but

this prediction is not suitable for a cliff-nesting raptor as

Bonelli’s eagle. In this raptor, the number of nests within

territories depends primarily on cliff availability, which

differs among territories (Ontiveros, 1999), preventing more

nests actually in some of them.

Table 2 Percentage of plant species in nests (Ui), percentage of plant species availability in territories (Di), Savage index (Wi) for Pinus pinaster

except in pair 10 (for Pinus halapensis), productivity of Bonelli’s eagle pairs (b.s), breeding attempts (n), and total number of Diptera in each nest-

greenery sample for 11 territories of Bonelli’s eagle Hieraaetus fasciatus in the south-eastern Iberian Peninsula

Pair

Plant in nests (Ui) Plant species availability (Di)

P. halepensis P. pinaster Q. uercus ilex Other P. halepensis P. pinaster Q. ilex Other Wi w2 P b. s. (n) Diptera

1 0 0 18.8 81.2 0 0 0.6 99.4 0 – – 1 (2) 23

2 0 87.1 11.4 1.4 0 63.8 2.4 33.8 1.85 7.22 0.007 1.33 (3) 7

3 0 60.3 34.3 5.4 0 11.5 0.11 88.4 5.24 189 o0.00001 1.5 (4) 1

4 0 96 2 2 0 63.8 2.4 33.8 2.04 11.15 0.0008 1.5 (2) 1

5 0 0 99.7 0.3 0 0 21.4 77 0 – – 1.28 (7) 5

6 0 79.3 18.6 2.1 0 35.2 8.4 56.4 2.26 16.2 0.0005 1.7 (5) 1

7 0 0 35.7 64.3 0 0 0.6 99.4 0 – – 1 (3) 2

8 0 83.5 13.7 2.8 0 35.2 8.4 56.4 2.37 17.1 0.00003 1.66 (3) 0

9 0 75.5 16.5 8.3 0 18.5 19.4 62.1 4.06 97.5 o0.00001 1.33 (3) 0

10 2.7 0 35.7 61.6 30.4 0 6.25 63.4 �0.009 65.3 o0.00001 1 (3) 9

11 0 86.8 11.9 0 1.3 18.5 19.4 62.1 4.69 142 o0.00001 1.5 (10) 0
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The knowledge of the interaction between parasites and

their hosts is necessary to understand the factors influencing

the breeding success of raptors, and possible coevolutionary

mechanisms with their specific parasites. In this study, we

demonstrate that a raptor species actively selects a pine

species as greenery for their nests, the amount of this pine in

the nest being negatively correlated with the number of

ectoparasites and positively with the breeding success of

pairs. Our results agree with data published previously

(Wimberger, 1984; Merino & Potti, 1995; Hurtrez-Boussès

et al., 1997) but add several new contributions, such as the

active selection of insect-repellent plant species for greenery,

and the confirmation of the fumigation hypothesis in a

species that do not bring herbaceous species to nest. In this

way, the significance of the nest ectoparasite burden of birds

reusing their nests must be a determining factor for their

breeding success. More evidence supporting this idea in-

cludes the frequent use of alternative nests and the positive

correlation with breeding success of the eagles (Ontiveros &

Pleguezuelos, 2003a), and the selection of sunny orientation

of nests in Bonelli’s eagle (Ontiveros, 1999), which may

reduce the burden of the nests (Olendorff & Stoddart, 1974),

as strategies in the war against ectoparasites.
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