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Simple Summary 

The post-fledging dependence period is crucial in the development of young birds, conditioning their 
future performance. This period is regulated by parental investment and young demands associated 
to their development and physical condition. We examine the post fledging dependence regulation 
in the Booted Eagle (Aquila pennata). Here, we analyzed blood plasma chemistry of 21 nestlings in 
southern Spain and compared urea levels and a body condition index with hatching date. Urea levels 
showed a stronger negative relationship with the length of dependence period than did not showed 
the hatching date or the body condition index. Our results support that better nourished nestlings 
attain independence latter than those in a worse condition, highlighting the potential of urea levels 
as a reliable indicator of nestling status.  

Abstract 

The post-fledging dependence period is a crucial stage in the development of altricial birds that may 
condition their future performance and fitness. This period is regulated by parental investment, in 
terms of food provisioning and protection, and young demands associated to their development and 
physical condition. We examine the post fledging dependence regulation in 21 nestlings Booted Eagle 
(Aquila pennata) in southern Spain. We compare the dependence timing among juvenile birds from 
different territories. Here, we analyzed blood plasma chemistry of nestlings in southern Spain and 
compared blood biochemistry parameters, including urea levels, and a body condition index with 
hatching date. Urea levels showed a stronger negative relationship with the length of dependence 
period than did not showed the hatching date or the body condition index. Our results support that 
better nourished nestlings attain independence latter than those in a worse condition, highlighting 
the potential of urea levels as a reliable indicator of nestling status. In this study, we describe 
concentrations of selected chemical parameters in plasma of free living nestling of Booted Eagles, 
including chemical parameters that have been shown to be related to nutritional condition. Young 
with a better nutritional conditions started dispersal latter. Blood parameters can be used as a very 
useful complementary technique when approaching ecological issues. Early dispersal onset seems to 
be controlled by endogenous factors evolutionary selected since it should provide inherent benefits 
in terms of future fitness. 

Keywords: Aquila pennata; body condition index; parent-offspring conflict; hatching date; parental 
effect; post-fledging dependence period 
 

1. Introduction 

Young of altricial birds are still dependent on parental cares for some time after fledging. This 
period, from first flight out of the nest until birds attain independence from their parents, is known 
as the post-fledging dependence period, which is shaped by several ecological drivers [1] and 
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represents the scenario of the parental-offspring conflict [2]. For adults, the optimum length of the 
dependence period is that which maximizes their net lifetime reproductive success. For the offspring, 
however, the optimum length is that which maximizes their probability of surviving to reproductive 
age, even if it means a lower reproductive success for the parents [3–5]. The development during this 
stage may affect subsequent survival probabilities and performance of young birds after the break-
up of family ties [6–8]. 

Different studies have focused on the proximal factors influencing the length of the dependence 
period which are related to both parental and offspring traits but also to environmental conditions, 
like timing of reproduction [1,5–10]. 

Food availability has proved to be one of the main factors that determine the duration of the 
dependence as well as young decisions related to the independence onset [1,4–9].   According to 
resource competition hypothesis, siblings in better nutritional conditions will tend to monopolize 
resources and extend their stay in the parental territory, while subordinates will be forced to leave 
the territory earlier [10–13]. However, ontogeny hypotheses state that better nourished siblings can 
reach a better body condition which permits them to attain independence earlier than subordinates 
in a worse condition [5,15]. 

Avian hematology has been used in ornithological studies because it provides biological data 
about these animals, their biology, and the detection of possible pathological states. Determination 
of nutritional and physiological conditions can be very important in the understanding of ecological 
and behavioral issues. Hematological studies are doubtlessly very useful tools for different 
specialists, nevertheless, some precautions must be taken. Hematological values, including 
chemical components, are known to be influenced by many factors: physiological state, age, sex, 
nutritional condition, circadian rhythm, seasonal changes, plasma storing methods, and others 
[16–25]. So when we try to study the influence of one of these factors, we must be sure that the others 
are controlled [26–31]. Despite the technology to analyze concentrations of blood constituents being 
widely available and well understood, studies of blood parameters in free-living raptors are in-
creasing, but still rare [23,32,33]. 

In this study, we analyzed the regulation of the length of the dependence period of juvenile 
Booted Eagles (Aquila pennata) by testing the influence of young nutritional conditions. In addition, 
we investigated potential correlations between hatching dates and biochemical blood parameters and 
body condition index (BCI). According to resource competition hypothesis, we expected longer 
dependence periods in nestlings with better nutritional conditions. Alternatively, under ontogeny 
hypothesis, we are expecting the opposite, i.e. nestlings in better nutritional conditions attaining 
independence earlier than subordinates in a worse condition.  

2. Materials and Methods 

2.1. Species and Study Area 

We studied a sample of Booted Eagles breeding in Doñana National Park, southwestern Spain 
(37°N, 6°30′W). The study area is about 230,000 ha and includes five main landscape types: 1) 
Eucalyptus Eucaliptus spp. plantations, 2) scattered cork oak Quercus suber with scrubland dominated 
by Genista sp., Rosmarinus sp. and Lentiscus sp., 3) forests of stone pines Pinus pinea, 4) coastal sand 
dunes and 5) marshland. The Doñana National Park population showed density-dependent 
productivity across habitat heterogeneity, with higher quality territories closer to a nearby marsh 
border [34,35]. 

The Booted Eagle is a trans-Saharan migrant, arriving in Europe in early-March and leaving in 
late-September on average. Individuals display a strong philopatric behavior and low divorce rates 
since they usually return to the same territories that they occupied in previous years and typically 
breed with the same partner each year [25,35]. The female usually lays up to 4 eggs, which hatch after 
37–40 days of incubation. The European population has been estimated at 3600–6900 pairs, most of 
them located in the Iberian Peninsula. Although the Booted Eagle is one of the most common birds 
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of prey in the Mediterranean forests and woodland areas, many aspects of its biology and ecology 
are poorly known [34]. In the Iberian Peninsula, Booted Eagles select areas with a mixture of 
woodlands and open lands, where they prey mainly on reptiles (ocellated lizard Lacerta lepida), birds 
(feral pigeon Columba livia, jay Garrulus glandarius) and mammals (wild rabbit Oryctolagus cunniculus) 
[34]. In Europe, Booted Eagles usually nest in trees, using large platforms (built by them or by other 
raptor species), which are often used for many years [35].  

The Booted Eagle is a migratory, medium-size territorial raptor with marked reversed sexual 
dimorphism being the male the smallest sex (females around 22% heavier than males). In 
comparative raptor studies of siblicide and brood reduction, the Booted Eagle is considered to exhibit 
facultative fratricide. Pale and dark morphs occur with several intermediate plumages. In Doñana 
National Park, 13.8% were dark morph (own data). Juveniles are also polymorphic and very similar 
to adults. 

2.2. Radio-Tagging and Post-Fledging Monitoring 

During our study, we monitored 7 different territories, and we sexed 21 nestlings (6 in 1996, 9 in 
1997 and 6 in 1999). Sample includes 9 females and 12 males. At 35-45 days old, 21 nestlings from 17 
nests were equipped with battery-powered radio-transmitters (models TW-3, Biotrack Ltd., UK). 
Transmitters were fixed on the back of the nestlings by a harness [36] and did not exceed a maximum 
of 2.5% of their body weight at fledging. Nestlings were also marked with a metal ring form the 
Spanish Environmental Department and a colored coded ring to be read from distance.  

Observations started when young left the nest, which is defined as the time when the young was 
observed flying or perched on a place inaccessible from the nest, and conclude when young reached 
independence. Independence date was considered the first day that the young did not spent the night 
in the natal territory [5]. ‘Natal’ territory was consider to be the area within a radius of 3.25 km from 
the nest or the hacking facilities respectively, in accordance to the mean inter-nest distance estimated 
for the species [35]. During the post-fledgling period, each young was located at least every 2 days 
by visual contact or radio-telemetry (triangulation), using a receiver (models Stabo, GFT, Germany; 
and R1000, Communication Specialist Inc., USA) and a three-element Yagi directional antenna. Each 
nest was observed for a minimum of 6 complete days.    

2.3. Blood Collection, And Body Measurements 

Each spring, inside the studied area, all previously known territories were visited to record 
occupancy. Nest-sites were easily detected due to the conspicuous behavior of the birds. Once we 
suspected incubation started, we waited for 40 days (the incubation period) before climbing up to the 
nests to take blood samples for sexing chicks. Laying and hatching dates were estimated from the 
timing of nest visits and examinations of nest contents. 

Total handling time of birds was less than 10 min. We measured forearm length (to the nearest 
mm) using a ruler. Body weight was recorded with a spring scale (to the nearest 10 g). All the 
measurements were taken by the same observed (M. Ferrer). The Body Condition Index (BCI) was 
calculated for all the nestlings’ eagles using the residuals of a regression of the cube root of mass 
(dependent variable) against the forearm length (independent variable) [37]. The brachial vein of each 
bird was lanced with a hypodermic needle and 2 ml of blood was collected in a heparinized tube. 
Blood samples were taken in 35-45 days old nestlings. Blood was carefully placed into tubes 
containing lithium heparin to prevent coagulation, and avoiding formation of bubbles. Blood was 
centrifuged (10 min; 3000 rpm), and the plasma was stored at –80ºC until it was analyzed for amylase 
(AMY), cholesterol (CHO), creatinine (CRE), creatine kinase (CK), glucose (GLU), aspartate 
aminotransferase (DAT), alanine aminotransferase (AAT), total protein (PRO), urea (URE) and uric 
acid (UA), using a computer process-controlled multichannel Auto analyzer (Co-bas Integra 400, 
Roche Diagnostic). For analyses porpoise, we standardized hatching dates as difference in days 
between earliest record for all the years and each record. Blood samples were collected between 11:00 
AM and 3:00 PM to avoid variations in blood parameters due to circadian rhythms [23,29]. 
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The cellular fraction was used to sex the eagles. We used primers 2945F, cfR and 3224R to 
amplify the W chromosome gene following one of Ellegren´s recommendations [38]. Analyses were 
carried out at Doñana Biological Station.    

2.4. Statistical Analyses 

We conducted Generalized Linear Mixed Models (GLMM) analyses to study relationship 
between hatching date, body condition index, and biochemical nutritional indicators. Because our 
study was conducted during multiple years containing nestlings potentially from the same parents, 
the quality of parents and/or territory, as well as the study years, might affect results. To avoid 
potential pseudo replication, we conducted a GLMM with length of dependence as a dependent 
variable and “Territory” and “Year” as random effects and “Sex”, “Relative hatching date”, “Urea”, 
”Body index”, “Brood size” as fixed effects. The significance of fixed effects was assessed using Type 
III Wald F-tests with Satterthwaite approximation for denominator degrees of freedom. 

We explored correlations among variables potentially related among them like blood-based and 
body index variables, with Spearman correlations. For analyses, if covariates included in the models 
were correlated with r > 0.70 with a Spearman correlation we did not include both parameters in the 
same model. That was the case with urea and uric acid (r = 0.88). We conducted a GLM with the rest 
of blood variables and length of dependence. We performed a multiple regression with standardized 
hatching dates as dependent variable and biochemistry parameters and body conditions index as 
independent variables. We used the STATISTICA 13.3 package (Statsoft Inc., Tulsa, USA). Statistical 
significance was set at α = 0.05.  

3. Results 

Young left the area of the nest, attaining independence, after a mean dependence of 41.23 ± 12.19 
days (range 34-46 days, n = 21), when 94.90 ± 12.48 days old (range 77-114 days). Mean urea plasma 
level in nestlings was 35.85 ± 18.42 mg/dl (range 6.8-74.0 mg/dl, n = 21). Non-significant differences 
were found in duration of dependence period between broods with one or two chicks (one-chick 
36.22 ± 8.9 days, range 29-43 days, n=9; two-chicks 45.00 ± 13.28 days, range 33-47 days, ANOVA, 
F=2.925, p=0.138) nor between sexes (males 40.6 ± 11.20 days; female 42.0 ± 14.08 days, ANOVA, 
F=0.061, p=0.875), being the longest dependent period the one for the two chicks-broods with two 
females (2-females 52.50 ± 12.50 days) and the shortest for the one-chick male (1-male 33.60 ± 8.9 
days), but again non-significant.  

3.1. The Regulation of the Dependence Period Length  

Only blood urea levels was strongly related with the length of the dependence period 
(p=0.000164). We did not found any significant effect of hatching date or body index in the length of 
the dependence period. Neither brood size, sex nor territory or year showed significant effects on the 
length of the dependence period (Table 1). The fact that neither “Territory” nor “Year” or “Sex” had 
any significant effect on the analysis does no support a potential pseudo replication. No blood related 
variables, but urea, showed significant relationship with the length of the dependence (Table 2). 

Considering only urea concentration in blood, 62% of the variance in the length of the post 
fledgling period was explained for urea level alone (Figure 1), with better nourished young (lower 
urea levels) having longer period under parental cares (r = -0,7920; p = 0,00002; r2 = 0,6273).  
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Figure 1. Considering only Urea concentration in blood, 62% of the variance in the length of the post fledgling 
period was explained for urea level alone, with better nourished young (lower urea levels) having longer period 
under parental cares (r = -0,7920; p = 0,00002; r2 = 0,6273). 

Table 1. Results of GLMM analyses of factors affecting the length of the dependence period. Only blood urea 
levels of nestlings were strongly related with the length of the dependence period (p=0.000164). 

 Effect df  MS - Effect MS – Error F P 
Relative hatching Fixed 1 218.733 51.372 4.257 0.107 

UREA Fixed 1 1791.307 47.694 37.558 <0.001 
Body index Fixed 1 84.994 29.276 2.903 0.135 
Brood size Fixed 1 51.340 7.413 6.925 0.999 

Sex Fixed 1 0.027 47.961 0.005 0.875 
Year Random 3 31.062 1.827 0.205 0.942 

Territory Random 6 25.119 75.410 0.333 0.398 

Table 2. Results of multiple regression are shown, demonstrating that only urea concentration, among 
biochemistry parameters and body index, was correlated to hatching dates. Results showed worse nutritional 
conditions for chicks that hatched later in the breeding season. These are birds that have suffered food shortage 
and have had to catabolize body tissue, thereby increasing nitrogen residues and, in consequence, the urea 
concentration in blood. However, the proportion of variance in urea explained by hatching date was 25.3%. 

Hatching date as Dependent Variable: 
R = 0,572 Adjusted R²= 0,253 

 Beta SE Beta B SE  B t(18) p-level 
Intercept   13.967 5.713 2.444 0.025 

UREA 0.573 0.193 0.366 0.123 2.965 0.008 
CHOL -0.129 -0.222 -0.029 0.0498 -0.581 0.585 
CREA 0.194 0.487 5.408 13.545 0.399 0.706 

CK -0.416 0.341 -0.026 0.0216 -1.221 0.276 
PROTEIN -0.198 0.321 -2.912 4.729 -0.615 0.564 

Body index 0.036 0.193 3.376 17.844 0.189 0.852 

3.1.1. First Phase of Dependence Period   

We define the first phase of the dependence period as the time starting when chicks leaving the 
nest and ends with the first soaring flight. Young started to made soaring flight after a mean of 13.9 
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± 6.08 days (range 2-25 days, n = 21) after their first flight, when 67.5 ± 5.79 days old (range 58-79 
days). Non-significant differences were found in duration of the first phase of the dependence period 
between broods with one or two chicks (ANOVA, F=0.627, p=0.438) nor between sexes (ANOVA, 
F=0.276, p=0.605). 

Urea blood levels of nestlings were significantly related to the length of the first phase of the 
dependence period, starting from the time when chicks leave the nest to the first soaring flight. 
(Figure 2; r = 0.591; p = 0.0048; r2 = 0.3497), with those young eagles soaring earlier for the first time 
being those with better nutritional conditions. 

0 2 4 6 8 10 12 14 16 18 20 22 24 26

First phase length (days)

0

10

20

30

40

50

60

70

80

U
R

EA
 (m

g/
dl

)

 

Figure 2. Also urea blood levels of nestlings were significantly related to the length of the first phase of the 
dependence period, starting from the time when chicks leave the nest to the first soaring flight. (r = 0.591; p = 
0.0048; r2 = 0.3497), with those young eagles soaring earlier for the first time being those with better nutritional 
conditions. 

3.1.2. Second Phase of Dependence Period 

We define the second phase of the dependence period as the time from the first soaring flight to 
the date of independence. Young attained independence after a mean of 27.3 ± 16.39 days (range 1-
54 days, n = 21) after their first soaring flight, when they were 94.90 ± 12.48 days old (range 577-114 
days old). Non-significant differences were found in duration of the second phase of the dependence 
period between broods with one or two chicks (ANOVA, F=0.931, p=0.347) nor between sexes 
(ANOVA, F=0.423, p=0.523). Urea levels were significant and negatively related with the duration of 
this second phase (Figure 3; r = -0.808; p = 0.00001; r2 = 0.653), with those young eagles attained 
independence later being those with better nutritional conditions. 
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Figure 3. In the second phase of the dependence period (from the first soaring flight to the date of independence), 
also urea levels were significant and negatively related with the duration of this second phase (r = -0.808; p = 
0.00001; r2 = 0.653), with those young eagles attained independence later being those with better nutritional 
conditions. 

A highly significant and negative relationship between the length in days of the two phases of 
the dependent period (First phase: from the abandonment of the nest to the first soaring flight: mean 
= 13.9 + 6.08; Second phase: from the first soaring flight to the date of independence: mean = 27.33 + 
16.39) was found (Figure 4; r = .0.787; p = 0.00002; r2 = 0.619), with those young eagles soaring younger 
being those whose attained the independence latter (t-student for dependent samples t= -2.860, 
p=0.009). 
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Figure 4. A highly significant and negative relationship between the length in days of the two phases of the 
dependent period (First phase: from the abandonment of the nest to the first soaring flight; Second phase: from 
the first soaring flight to the date of independence) was found (r = .0.787; p = 0.00002; r2 = 0.619), with those 
young eagles soaring younger being those whose attained the independence latter. 
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3.2. Hatching Date and Nutritional Conditions 

It has been frequently demonstrated differences between BCI and plasma biochemistry as 
indicators of nutritional condition [10,12,17,32,33]. In Table 2 results of multiple regression are shown, 
demonstrating that only urea concentration was correlated to hatching dates, showing worse 
condition for chicks that hatched later in the breeding season. Only urea was selected in a multivariate 
regression, showing a stronger correlation. Urea levels suggest that nestlings hatched later in the 
season will be in poorer nutritional condition. 

4. Discussion 

No blood related variables, but urea, showed significant relationship with the length of the 
dependence period, with better nourished young (lower urea levels) having longer period under 
parental cares. We did not found any significant effect of hatching date or body condition index in 
the length of the dependence period. Neither brood size, sex, year nor territory showed significant 
effects on the length of the dependence period. 

Results obtained in this study support the view that the dependence period is in fact composed 
of two different phases controlled by different factors: 1) the first phase of the dependence period, 
starting from the time when chicks leave the nest to the first soaring flight, and 2) a second phase, 
from the first soaring flight to the date of independence. 

Urea blood levels of nestlings were significantly and positively related to the length of the first 
phase, with those young eagles soaring earlier for the first time being those with better nutritional 
conditions. Also urea levels were significant but negatively related with the duration of the second 
phase, with those young eagles attained independence later being those with better nutritional 
conditions (lower urea levels). A highly significant and negative relationship between the lengths in 
days of the two phases of the dependent was found, with those young eagles soaring younger being 
those attaining the independence latter.  

A wide variety of birds fast and exhibit a decrease in body mass during certain stages of their 
annual life cycles [18,41,42]. Birds fast when food is scarce but also when it is plentiful if they are 
engaged in other important activities that compete with feeding, such as incubation, molting, and 
migration. In the wild, many avian species undergo intermittent periods of food deprivation. 
Fluctuations in food availability may impose fasting for more or less predictable periods of time. 
Fasting endurance may have an adaptive value. Despite the importance of fasting capacity in the life 
history of many species of birds, little is known about the metabolic responses to food deprivation. 
This contrasts with the large number of studies dealing with feeding ecology. Physiological responses 
to fasting have been studied in common eiders, domestic geese, herring gulls, chickens, common 
buzzards , king penguins, emperor penguins, and greater snow geese, among other species 
[5,6,9,10,16,43,44]. 

Three phases have been described associated with changes in the relative rate of mass loss, and 
the nature and quantity of fuel oxidized in geese. During phase I in the fasting period, the daily rate 
of mass loss and the resting metabolic rate decrease progressively. Urea concentration in the blood 
also decrease during phase I, reflecting a progressive reduction of proteolysis, and a beta- 
hydroxybutyrate concentration increase as a result of an increase in fat mobilization. Phase II is the 
longest period during which the rates of mass loss and metabolism remain low and fat becomes the 
main fuel. Urea concentration is low and ketone bodies concentration in blood increase during this 
period. This permits the conservation of body proteins, which have vital structural and regulator 
roles. Phase III correspond to a critical period where body proteins are metabolized and urea 
concentration increase dramatically. Beta-hydroxybutyrate levels in blood decrease and the rate of 
mass loss increases. Changes in certain blood parameters are indicative of the type of energy sources 
used during the three phases described for prolonged fasting. Beta-hydroxybutyrate is one of the 
ketone bodies produced after partial oxidation of the fatty acids resulting from triglyceride 
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hydrolysis, so its concentration is related to the lipid catabolism [46–48]. Urea concentration is an 
indicative of protein catabolism.   

All the articles published by many authors show a continuous and lineal increase of nitrogenized 
residues that occurs as soon as the protein catabolism starts. The time a bird keeps in using up its fat 
reserves and the moment it starts using its own muscle tissues as an energy source basically varies 
according to the individual's initial condition and the species’ capacity for storing fat reserves. The 
emperor penguin, which shows an extreme example of fat storage capacity, can subsist for two 
months on its own fat reserves before beginning to use its own proteins. At the moment the protein 
catabolism is activated, the increase of urea levels in the blood is continuous and constant. In raptors, 
as already shown for several species, including the Spanish Imperial Eagle, Aguila adalberti, the 
protein catabolism activation occurs very quickly given the characteristic poor fat storage capacity of 
this group, a very common feature in flying birds. Even in smaller Antarctic penguin, as with the 
Chinstrap Penguin, the protein catabolism activation starts on the 5 day of fasting [39]. 

Urea levels in blood increase with fasting and decrease slowly with refeeding, therefore being 
good indicator of nutritional conditions in species of birds with poor fat reserves as raptors. Urea 
levels in blood have been used as index of body condition in raptors [2–23,29,33,35,42]. Urea levels 
increase as a response to starvation and decrease after refeeding because proteins are actively 
mobilized as energy source, increasing the nitrogenous excretion components released into the blood 
[39,40]. Urea is not sensitive to recent ingest (in contrast to glucose concentration for example), and 
increase and decrease in blood con-centration are slow [40]. All of the monitored wild nestlings 
survived to fledging. Sub-lethal effects of poor condition can still have profound impacts on 
individual fitness, especially as it relates to migration [45]. Booted Eagles in Western Europe 
undertake a seasonal migration to over-winter in Africa. Migration is energetically demanding and 
juveniles that hatch later in the breeding season may be at a disadvantage if they depart with in poor 
nutritional condition. 

Plasma urea concentration is and index of protein catabolism. Urea is a minor pathway for 
protein degradation in birds, but the activity of liver  arginase (the enzyme on which urea 
production in birds depends) has increased after a prolonged fast, and also the rise of urea during 
protein catabolism may be explained by a greater arginine availability. The time a bird keeps in using 
up its fat reserves and the moment it starts using its own muscle tissues as an energy source basically 
varies according to the individual’s initial condition and the species’ capacity for storing fat reserves. 

Summarizing, our results support the idea of nutritional conditions determining the length of 
dependence period. Thus, the dependence period consist of two separate phases, each representing 
roughly half of the total period, so variations occurring in either phase affects the overall length. 
Parental choice of weather to prolong or reduce the dependence period is limited to the stage when 
the young have already become skilled in flight. To stimulate independence in young eagles when 
they are still unable to make soaring flights makes no sense. So, the total length of the dependence 
period is determined, in addition to any parental decision, by the nutritional condition of the young, 
which determines the age when the first soaring flight occurs, and the total length of the dependence 
period. These results are in accordance with other studies in raptors [4–8,10,11,22,23,32,33] showing 
the influence of nestlings nutritional conditions in the dependence period. 
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