
STUDIES OF age-related parental changes in 
reproductive success of many avian species 
have shown that older individuals nest earlier 
in the season, produce larger clutches, and have 
greater fl edging success than do younger con-
specifi c individuals (Newton 1979, Sæther 1990, 
Wooller et al. 1990, Hamer and Furness 1991, 
Sydeman et al. 1991, Desroschers 1992, Hepp 
and Kennamer 1993, Forslund and Pärt 1995). 
Understanding how age infl uences breeding 
success is important to studies of population 
dynamics and to our understanding of the rela-
tionship between habitat and productivity.

The Spanish Imperial Eagle (Aquila adal-
berti) is the most endangered bird of prey in 
Europe and one of the rarest raptors in the 
world (Collar and Andrew 1988). The world 
population is estimated to be ~130 pairs (Ferrer 

1993a). The Spanish Imperial Eagle population 
at Doñana National Park consists of 15–16 pairs 
breeding at a high density (occupying 20,000 
ha of available habitat inside the national park 
with a mean territory size of 1,200 ha; Ferrer 
1993b). Typically, breeding pairs include two 
adults, but some pairs have one or two mem-
bers that have not attained adult plumage (<5 
years old; see below) (Valverde 1960, Ferrer and 
Calderón 1990). Breeding of nonadult birds has 
been interpreted as a consequence of high adult 
mortality in the population and an increase in 
the number of vacancies (Steenhof et al. 1983, 
Newton 1992). One outcome of the replace-
ment of adults with immature birds could be a 
reduction in the mean breeding success of the 
population as compared to breeding success of 
the same population with all breeding birds be-
ing adults. 

In territorial birds, territory quality is likely 
to differ greatly among pairs (Newton 1979, 
1991; Högstedt 1980; Ferrer and Donázar 1996). 
Immature birds tend to occupy low-quality 
territories (Newton et al. 1981, Steenhof et al. 
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1983), so it is possible that habitat quality may 
generate age-related differences in reproductive 
success. The specifi c goal of this study was to 
investigate age-related differences in fecundity 
in the Spanish Imperial Eagle and its effects on 
the population of the Doñana National Park, 
considering territory quality as a possible con-
founding effect.

METHODS

Study area.—The study was conducted in Doñana 
National Park, southwestern Spain (37°N, 6°30’W) 
from 1976–1995. Three main habitats can be distin-
guished in the area: (1) Mediterranean scrubland, 
formed by Halimium spp., Cistus libanotis, Erica spp. 
with scattered cork oaks (Quercus suber), small stone 
pine (Pinus pinea) woods, and Eucalyptus spp. plan-
tations; (2) marsh, mainly covered by Scirpus spp., 
fl ooded in winter and dry in summer; and (3) coastal 
sand dunes, with vegetation mainly made up of 
Ammophila arenaria, Corema album, and Juniperus phoe-
nicia. The climate is Mediterranean with an Atlantic 
infl uence.

The species.—The Spanish Imperial Eagle is a large 
(2500–3500 g), sedentary and territorial bird of prey, 
with a low reproductive rate (0.75 chicks per pair per 
year), a four to fi ve year immature phase, and a esti-
mated longevity of 21–22 years (Ferrer and Calderón 
1990). The Spanish Imperial Eagle may be divided 
into three easily distinguishable plumage classes: (1) 
juvenile, with a tawny-colored plumage that remains 
until the bird is 3 years old; (2) subadult, with dark 
patches over a tawny base, present in 4–5 year old 
birds; and (3) adult, predominantly dun-colored with 
characteristic white markings present in birds from 
the age of 5 years or older.

Paired birds are territorial. Territories are areas of 
exclusive use that are vigorously defended throughout 
the year. In contrast, immature unpaired eagles are not 
territorial (Ferrer 1993b) and move between temporary 
settling areas, including the natal population area, 
throughout the dispersal period (Ferrer 1993c).

Data and statistical analyses.—We used data from 
the Doñana archives for 1976–1995, a period during 
which the population remained stable (Ferrer and 
Donázar 1996) and visits to nests was made with an 
identical pattern of visitation to all nests in all years. 
Visits were performed by two or three people, one of 
whom climbed to the nest to record breeding stage 
and examine eggs or young. Nesting attempts were 
monitored three times during the breeding season 
(February–September): once at stages of egg laying, 
nestling, and fl edgling (when the nestling reached 
at least 50 days of age, the age of banding). We 
considered laying date, number of eggs, number of 
nestlings, and number of chicks fl edged as measures 

of reproductive performance. The entire national park 
area was surveyed at the beginning of each breeding 
season (January–February, during the courtship and 
nest-site selection period) to determine if pairs were 
present on territories. In summary, we knew popula-
tion size, number of pairs that started reproduction, 
and productivity for 19 years.

A total of 237 nesting attempts occurred in the park 
during the 19 years. We mapped 16 territories where 
all nest locations had been plotted for the 19 years. 
A territory was an area with a high concentration of 
known nest locations for different years (Ferrer and 
Donázar 1996). Successive locations of different nests 
were considered to be in the same territory if the dis-
tance between locations was shorter than the average 
distance between neighboring pairs (3.5 km). 

Due to annual variation in reproductive statistics, 
we adjusted clutch size, brood size, and productivity 
(number of fl edglings) for year effects by subtracting 
annual means from the raw data. Corrected data are 
referred to as relative values. Laying date was given 
a numerical value by considering the earliest laying 
date of each year as day 1. The variance of those 
measures of reproductive performance was not sig-
nifi cantly heterogeneous over years. 

Differences in quality among territories in that 
population has been already established (Ferrer and 
Donázar 1996). The most productive territories were 
near the marsh border, which supports the highest 
densities of wild rabbits (Oryctolagus cuniculus), an 
important prey (Ferrer 2001). Those differences have 
remained relatively constant since 1956 (Ferrer and 
Donázar 1996).

We conducted statistical analyses using the 
STATGRAPHICS statistical package (Manugistics 
1992), and BMDP (Dixon and Brown 1983). We tested 
for differences in reproductive parameters between 
age classes and among territories using analyses of 
variance (ANOVA). To avoid potential pseudorepli-
cation due to the high potential for strong site- and 
pair-fi delity in this long-lived species, two-way 
analyses of variance with repeated measures (BMDP 
3V; Dixon and Brown 1983) were conducted. We 
used a restricted maximum-likelihood approach to 
the fi xed and random coeffi cients model. To remove 
effect of age, we conducted ANOVA for adult–adult 
pairs only. To remove effect of territory quality, we 
compared fecundity parameters between immature 
and adult pairs present on the same territory with a 
nonparametric Wilcoxon signed-rank test for pooled 
data for the 10 territories occupied by at least one 
immature pair.  We also compared both types of 
pairs separately for each of the 10 territories using 
Kruskal-Wallis tests. We tested for trends with linear 
analysis using F ratio statistic to test if slope was sig-
nifi cantly different than zero. Variances of the linear 
models were tested for homogeneity using Cochran’s 
C statistic.
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RESULTS

Age classes composition.—Twenty-nine of 237 
breeding attempts (12%) involved at least one 
immature bird (Table 1). Numbers of immature 
pairs present in the park increased over the 19 
year study period, peaking in 1992 (Fig. 1). In 
that year, immature individuals formed 31% of 
the breeding eagles, and pairs with at least one 
immature bird constituted 46% of the breeding 
pairs. Over the 19 years, 7% (n = 17) of male 
breeding birds were immature, and 10% (n = 23) 
of the female breeding birds were immature. In 
this eagle population, seven territories (44% of 
all territories) accounted for 82% of the total im-
mature birds observed occupying territories.  

Age effect on breeding performance.—Hereafter 
we will refer to all pairs with at least one im-
mature member as “immature”. All reproduc-
tive parameters except laying date showed 
signifi cant differences between immature and 
adult pairs (Table 2). Although adult birds initi-
ated nesting four days earlier than pairs with at 
least one immature eagle, the difference was not 
signifi cant (Table 2). Age had a signifi cant effect 
on number of eggs laid (immature: 1.00 eggs, 
adults: 2.06 eggs; Table 2), brood size (imma-
ture: 0.48 chicks,  adults: 1.07 chicks; Table 2), 

and productivity (immature: 0.41 fl edglings, 
adults: 0.88 fl edglings; Table 2). 

We failed to fi nd any signifi cant differences 
in reproductive parameters among pairs in 
which the immature individual was female, 
male, or both members were immature (Table 
3). That result must be interpreted with cau-
tion, however, because the statistical power is 
low.  Interestingly, pairs with immature males 
initiated nesting 15 days later than pairs with 
immature females.

Territory quality and breeding performance.—
Using pooled data for all breeding attempts, 
laying date, clutch size, brood size, and pro-
ductivity differed signifi cantly among the 16 
different territories (ANOVA for repeated 
measures. Laying date: F = 3.08, df = 15 and 
108, P < 0.001; clutch size: F = 2.19, df = 15 
and 174, P = 0.008; brood size: F = 2.32, df = 15 
and 199, P = 0.004; productivity: F = 2.98, df = 
15 and 203, P < 0.001). To remove the effect of 
age class, we conducted analyses considering 
only data from adult–adult pairs. Again, all 
reproductive parameters differed signifi cantly 
among the 16 territories (ANOVA for repeated 
measures. Laying date: F = 3.05, df = 15 and 98, 
P < 0.001; clutch size: F = 1.93, df = 15 and 150, 
P = 0.024; brood size: F = 2.21, df = 15 and 171, P 
= 0.007; productivity: F = 2.89, df = 15 and 175, 
P < 0.001). The highest value for reproductive 
parameters was found in territory number 9, 
with a mean clutch size of 2.75 eggs, brood size 
of 1.7 nestlings and productivity of 1.6 young. 
That territory has not been occupied by imma-

TABLE 1.  Summary of Spanish Imperial Eagle pairs 
according to age. M = male, F = female.

Year Adult Immature M immature/ M adult/ Total
pair pair F adult F immature

1976 9 – – – 9
1977 9 – – – 9
1978 8 – – – 8
1979 10 – – 1 11
1980 10 – – – 10
1981 11 1 – – 12
1982 14 – – 2 16
1983 13 – – 1 14
1984 13 – – – 13
1985 11 – 1 1 13
1986 9 – 2 1 12
1987 12 1 – – 13
1988 11 – – 1 12
1989 13 – – – 13
1990 12 – – – 12
1991 11 – 1 1 13
1992 7 2 2 2 13
1993 8 3 – 1 12
1994 9 2 – – 11
1995 8 2 – 1 11

Total 208 11 6 12 237

FIG. 1. Annual mean productivity of the population 
(left axis) and the proportion of immature individuals 
(right axis) in the breeding population (r = –0.003, df = 
1 and 18, P = 0.420). 
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ture eagles. The lowest value has been found in 
territory 14, with a mean clutch size of 0.83 eggs, 
brood size of 0.80 nestlings, and productivity of 
0.33 young. For the 19 year period, including 18 
breeding attempts, 50% of pairs that occupied 
that territory were immature. 

During the whole study period, only 10 of 
16 territories were occupied by immature birds 
at least once. Considering only data from adult 
pairs, productivity of territories correlated neg-
atively with the proportion of immature pairs 
observed occupying those territories (r = –0.623, 
df = 1 and 14, P = 0.009). 

Specifi c effect of age on breeding performance and 
population productivity.—To test for an effect of 
territory quality, we compared relative fecun-
dity parameters between immature and adult 
pairs present on the same territory with a non-
parametric Wilcoxon signed-ranks test for the 
10 territories occupied by at least one immature 
pair. We found no further signifi cant age-relat-
ed differences in laying date, clutch size, brood 
size, or productivity (Table 4). Comparing adult 
and immature pairs separately for each of the 
10 territories, using Kruskal-Wallis tests, we 
found no age-related differences in reproduc-
tive performances in any territory. Again, that 
result must be take with caution due to the 
small sample sizes.

Annual productivity of the population was 
not correlated  with either proportion of imma-
ture pairs observed per year (r = –0.335, df = 1 
and 18, P = 0.148) or with proportion of imma-
ture individuals in the breeding population (r = 
–0.003, df = 1 and 18, P = 0.420; Fig. 1).

DISCUSSION

Age classes composition.—The proportion of 
immature pairs found in the Spanish Imperial 
Eagle population of Doñana National Park was 
higher than that described for other popula-
tions of large eagles (Newton 1979, Steenhof et 
al. 1983), but similar to the proportion found in 
other population of raptors (Newton et al. 1981). 
According to Newton (1979), nesting by imma-
ture raptors is variable and usually associated 
with rate of mortality among adults, as has been 
observed in Peregrine Falcons (Falco peregrinus; 
Ratcliffe 1980) and in Spanish Imperial Eagle 
populations elsewhere in Europe (Valverde 
1960, Ferrer and Calderón 1990).

Breeding and age.—Although there are excep-
tions (Sæther 1990, Hepp and Kennamer 1993), 
age-specifi c differences in fecundity have been 
reported for many species of birds (Sæther 
1990). In common with many published stud-
ies, Spanish Imperial Eagle breeding success 

TABLE 3.  Breeding performance, in relative values, for immature pairs grouped according to sex of the
immature member.  M = male, F = female.

M adult/ M immature/ M immature/ 
F immature F adult F immature _____________ ____________ ____________

Parameter n Mean n Mean n Mean K-Wa P
Laying date 5 –0.117 2 14.920 3 8.530 5.74 0.125
Clutch size 10 –0.886 6 –0.798 9 –0.439 0.54 0.763
Brood size 12 –0.296 6 –0.983 11 –0.403 2.65 0.266
Productivity 12 –0.101 6 –0.635 11 –0.337 1.78 0.411

a K-W = Kruskal-Wallis test. 

TABLE 2.  Breeding performance, in relative values, for immature pairs versus adult pairs. (ANOVA for 
repeated measures). 

 At least one 
 Two adults immature   _______________  _________________ 

Parameter Mean SD Mean SD F-value df P
Laying date –0.103 13.08 3.884 12.16 0.86 1 and 122 0.354 
Clutch size 0.098 1.124 –0.653 1.180 9.26 1 and 188 0.002 
Brood size 0.070 1.072 –0.398 0.947 4.79 1 and 213 0.029 
Productivity 0.199 0.972 –0.261 0.840 5.65 1 and 217 0.018 
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increased signifi cantly with age. Adult pairs 
had a signifi cantly higher success in all but 
one reproductive parameter as compared to 
immature pairs. That trend has been explained 
by an improvement in skills with age (i.e. con-
straint hypothesis; Curio 1983, Nol and Smith 
1987, Partridge 1989), an increased reproduc-
tive effort as a response to decreasing residual 
reproductive value (i.e. restraint hypothesis; 
Williams 1966, Gadgil and Bossert 1970, Pianka 
and Parker 1975, Charlesworth 1980) or both. 
Also, due to the potentially strong pair fi delity, 
mate familiarity could lead to earlier breeding 
and higher productivity (Sæther 1990, Woodard 
and Murphy 1999). 

Breeding and territory.—Signifi cant differenc-
es in fecundity parameters among territories or 
breeding sites have been reported for some bird 
species (Newton and Marquiss 1976, Woller 
and Coulson 1977, Högstedt 1980, Newton 
et al. 1981, Steenhof et al. 1983, Dhondt et al. 
1992, Kempenaers and Dhondt 1992, Ferrer and 
Donázar 1996). Spanish Imperial Eagle breeding 
performance varied signifi cantly among territo-
ries. Territories differed in distance to the marsh 
border, which supports the highest densities of 
wild rabbits, which are staple prey for eagles 
(see Ferrer and Donázar 1996). Territories near 
the marsh border had signifi cantly higher suc-
cess in all reproductive parameters compared 
with other territories (not only higher means 
but also lower coeffi cient of variation, see Ferrer 
and Donázar 1996). Territories differed sig-
nifi cantly in laying date, clutch size, number of 
nestlings, and number of fl edged young (also in 

nutritional condition of nestlings, Ferrer 1994). 
Furthermore, those important differences re-
mained highly signifi cant when only adult pairs 
were considered. Thus, differences among terri-
tories seem to be independent from age-classes 
occupying them. However, we can not exclude 
the possibility that low-quality adult birds end-
ed up breeding on low-quality territories.

Considering only data from adult pairs, 
productivity of territories showed a negative 
relationship with proportion of immature pairs 
observed occupying those territories. Thus, 
low-quality territories were occupied more 
frequently by immature pairs, whereas high-
quality territories were occupied mostly or 
exclusively by adult individuals. Consequently, 
territory effect is an important component that 
must be removed before any analyses of age-re-
lated fecundity.

Specifi c effect of age on breeding and population 
fecundity.—We found no signifi cant age-related 
differences in reproductive performance after 
we removed effect of territory quality from the 
analysis. However, those results must be inter-
preted with caution due to the small sample siz-
es when we compared reproductive parameters 
between adult and immature pairs for each of 
the 10 territories. 

We suggest that it may be more likely to de-
tect age-specifi c differences in breeding perfor-
mance if we do not separate effects of territory 
and breeding-site quality from age, variables 
that may be highly correlated. In fact, we found 
a highly signifi cant age-related difference when 
we did not consider effect of territory. The as-

TABLE 4. Mean values for relative reproductive parameters of adult pairs versus immature pairs 
occupying the same territory. 

 Laying date Clutch size Brood size Productivity   ________________  _________________ _________________  ________________  

Territory Adult Immature Adult Immature Adult Immature Adult Immature 
1 8.57 – –0.65 –0.57 0.02 –0.86 0.01 –0.69  
2 13.97 – 0.14 0.00 0.23 –1.00 0.33 –0.62 
4 –5.19 12.92 0.30 –0.57 0.42 –0.75 0.43 0.46 
7 0.00 16.92 –0.07 –0.71 0.16 –0.97 0.50 –0.69 
8 3.45 1.72 –0.21 1.03 –1.21 0.71 –0.93 0.55 
10 2.56 – –0.36 –0.01 –0.23 1.30 0.20 –0.75 
11 –1.83 –3.08 0.08 –0.58 –0.19 –1.33 –0.73 –0.03 
12 6.85 22.15 0.65 –0.97 –0.87 –0.64 –0.14 –0.54 
14 10.05 0.69  –1.36 –1.36 –0.24 –0.47 –0.38 –0.23 
15 –2.46 0.40 0.38 –1.92 0.85 0.56 1.04 0.37 

Wa Z P Z P Z P Z P
 1.267 0.204 1.421 0.155 1.070 0.284 0.968 0.332 

a W = Wilcoxon signed-ranks test.
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sumption of populations being homogeneous, 
instead of heterogeneous and spatially struc-
tured, can lead to important misinterpretations 
(Dutilleul 1993). Furthermore, territory quality 
is not the only confounding factor. The role of 
individual or pair quality must be equally 
addressed before any analysis of age-related 
changes in fecundity due to the potential effect 
of individual-specifi c differences in reproduc-
tive success. In fact, territory quality that we 
analyzed here is likely to be a composite of site 
and bird quality.

In this Spanish Imperial Eagle population, 
the relevant question is not why adult individu-
als perform better than immature ones, but why 
immature pairs appear more frequently than 
adult pairs in low-quality territories. As we 
have seen, the observed situation could be ex-
plained by only two assumptions: (1) breeding 
performances differ among territories, and (2) 
turnover rates by either mortality or emigration 
differ among territories. In that situation—that 
is, in a spatially structured population—fre-
quency of occupancy by immature pairs was 
negatively related to territory quality, and, con-
sequently, apparent age-related differences in 
breeding performances could be detected. 

Unpaired immature Spanish Imperial Eagles 
spend only a fraction of the year in the same 
area as the reproductive population, and most 
of the time in temporary settlement areas >90 
km away from the neareast nest sites (Ferrer 
1993c). Thus, a resident paired eagle could de-
tect vacancies in high-quality territories earlier 
than a nonbreeding bird. We have observed 
several such examples in our population. For 
instance, we have verifi ed how a 3 year-old 
radiotagged immature male was integrated as 
breeder in 1992, together with a female in im-
mature plumage, in one of the territories with 
the lowest productivity of the population.  In 
1993 and when the pair of immature birds was 
in the middle of incubating a tree egg clutch, the 
male shifted to a neighboring territory that had 
lost its male just 24 h earlier.  The mean pro-
ductivity of the new territory was signifi cantly 
higher than the fi rst one.  In 1997, the same 
male, already in adult plumage, replaced an-
other male in a neighboring territory of a higher 
productivity, where a vacancy had occurred 36 
h earlier. We also verifi ed that an adult male, 
equipped with a radio transmitter died and its 
place was occupied by a neighboring male from 
a lower productivity territory in <30 h.

An improvement of territory quality with age 
is expected because the longer an individual 
stays in the population, the more likely it is to 
fi nd a vacancy and migrate to a better territory. 
In conclusion, age-related differences in breed-
ing performance exist in the Spanish Imperial 
Eagle, and at least some of those differences 
appear to be due to age-related differences in 
mean territory quality. In addition, we found no 
signifi cant age-related effect in annual produc-
tivity of the population according to the propor-
tion of immature birds in breeding pairs.  
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