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Abstract

Bouchahdane I, Boukhemza M., Souttou K., Derridj A.: Breeding biology of booted eagle Hier-
aaetus pennatus (Gmelin, JE, 1788): the first study in North Africa. Ekolégia (Bratislava), Vol. 38,
No. 4, p. 382-391, 2019.

Knowledge and study of breeding birds” biology is essential to understand the dynamic, assess
productivity and identify threats. The population of booted eagles (Hieraaetus pennatus) was stud-
ied during three consecutive breeding seasons (2013-2015) in the Chettabah forest. Each year,
arrivals of Booted eagles are recorded during March (15 individuals in 2013, 12 in 2014 and 11 in
2015). For the three years of study, the mean breeding pair’s density was 1.23 + 0.153/km?, incuba-
tion period ranged from 33 to 38 days, whilst the frequency distribution of clutch size was 67.6%
for 2 eggs, 27% for 1 and 5.4% for 3. Amongst the 63 eggs monitored, 55 hatched. No significant
variation in hatching rate was observed during the 3 years (90% in 2013, 76.19% in 2014 and 84%
in 2015). The comparison of breeding parameters with those reported in Spain showed a notice-
able similarity. Further investigations should be conducted to improve the provision of informa-
tion to support sound management interventions of this North African population.

Key words: booted eagle, paired density, breeding biology, forest, North Africa.

Introduction

Raptors are at the top of their food chain and are considered to be biologically important and
environmentally sensitive (Olendorff et al., 1989) and ecosystem health indicators (Newton,
1979; Donazar et al., 2002; Sergio et al., 2005). They act as a conservation flagship (Simber-
loff, 1998).

The booted eagle is a summer resident in southern Europe, although some individuals
winter in the Mediterranean Basin (Martinez, Sinchez-Zapata, 1999; Baghino et al., 2007).
The booted eagle Aquila pennata is mainly a trans-Saharan migratory species, but some in-
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dividuals overwinter in Southern Europe and North Africa (Zalles, Bildstein, 2000; Thévenot
et al., 2003).

The majority of the population migrates to tropical Africa through the Strait of Gibraltar
and the Bosphorus (Cramp, Simmons, 1980). Migratory routes remain poorly known, with
one study based on one individual tracked by satellite telemetry published to date (Chevallier
et al., 2010). The booted eagle Hieraaetus pennatus is considered ‘rare’ in Europe, where it
breeds in Western Europe (France, Portugal and Spain) and Eastern Europe (most of them in
Russia, Turkey and Ukraine) with several thousands of couples (Garcia-Dios, 2014).

Very few biological aspects of the booted eagle are known, and this species is considered
one of the least known of all European raptor (Sudrez et al., 2000; Bosch et al., 2005). Al-
though some scientific studies have been focused on the habitats (Sudrez et al., 2000; Diaz,
2005; Martinez et al., 2007) in North Africa, studies on raptors, amongst them, the booted
eagle, are rare, which are mostly conducted on distribution and inventories, and a few pheno-
logical studies are also conducted (Isenmann, Moali, 2000; Thévenot et al., 2003; Isenmann et
al., 2005), but there was no work on raptors breeding biology, especially the booted eagle. The
present work on the breeding of several pairs of the booted eagle in the mountain ranges of
Constantinois (Algeria) provided the first contribution to the study of the breeding biology
of this species in North Africa.

Material and methods

Study area

Field data were collected from the Chettabah forest (24 000 h), province of Constantine (36°18 ‘to 36°21° N; 6°26
‘and 6°30” E), which is located in the centre East of Algeria, about 245 km from the Algerian-Tunisian borders, 431
km from the capital Algiers to the west, 89 km from Skikda to the north (the Mediterranean Sea) and 235 km from
Biskra to the south (The Sahara).

The Chettabah forest is built on a majestic rock located on both sides of Oued Rhumel; it is thus surrounded by
real natural obstacles; the landmarks show that the region is heterogeneous when it comes to its position and its sea
level; the region is located at an altitude of 694-1350 m above sea level. The study area has a sub-humid and semi-
arid climate, with an average temperature varying between 8° in winter and 34° in summer, at an altitude of 694 m.
It is characterised by a very rugged terrain crisscrossed by several seasonal thalwegs and spread over all forests with
the presence of numerous ridges (Belgherbi et al., 2018). Its vegetation is dominated by the Aleppo Pine, the Green
Oak, the Atlas Pistachio and ). Its vegetation is dominated by the Aleppo Pine, the Green Oak, the Atlas Pistachio
and the maquis shrublands are of low proportion. (Fig. 1).

Field work

This work was carried out for three consecutive breeding seasons (2013-2015) from the end of March until the end
of September. We conducted a bi-monthly phenological monitoring and counting of the booted eagle in the Chet-
tabah forest and a weekly monitoring and counting of breeding couples (2 times per week) in the the zouaoui cliff
using binoculars (90 * 90) and a telescope (60 * 80) to locate the nests.

Once the nest is located, we noted the date of its discovery, its geolocation using a GPS (Global Positioning Sys-
tem ) (Garmin) and its height from the ground. The nest dimensions (internal diameter and external diameter) were
recorded; we also measured the size of eggs (number of eggs per nest), the weight of the eggs using an electronic
scale (0.01 g of accuracy) and their length (A) and width (B) using an electronic Vernier caliper.

Hoyet’s (1979) formula V = 0.51 x A x B2 allowed us to calculate the eggs volume. The two visits per week al-
lowed us to estimate the incubation period (Del Hoyto et al., 1994) and also to monitor the hatching success (the
ratio between the number of eggs laid and the number of hatched eggs) and fledging success, which translates to the

383



CONSTANTINE

Constantin

Alegria

N

Fig. 1. Geographic location of the study area: Chettabah forest (Marre et al., 1977).

number of fledgling chicks per contribution to the number of eggs hatched (Martinez et al., 2006a). The flight rate
was calculated by dividing the number of fledgling chicks by the total number of active nest (Garcia-Dios, 2014).
The nests that were inaccessible were followed using a binocular and a telescope to be able to note their clutch size,
their hatching success and fledging success.

Statistical analysis

All analyses were performed after verification of normality criteria (Kolmogorov-Smirnov test) and homoscedastic-
ity (Levene’s test) of the different dependent and independent variables. The one-way ANOVA (Anlaysis of variance
) parametric test was performed to see if there is a 3-year variation in booted eagle abundance as well as nest and
egg size and incubation period. Other non-parametric test such as the Kruskal-Wallis test was used to see if the
variation depends on the years of hatching success and fledging success, and chi-squared test allowed us to evaluate
the distribution of the clutch size according to the 3 years of monitoring. Statistical analyses were carried out using
R (R development core 2015).

Results and discussion
Phenology, abundance and pairs density

The population size of the booted eagles in the Chettabah forest remain stable during the 3
years of survey (ANOVA: F = 0.551; df = 2; p > 0.05) (Fig. 2).
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The booted eagle occupies the
Chettabah forest for almost 7 months
(from the end of March to the end of
September). In this study, the booted
eagle arrives in March every year with
a large number of individuals (15 in-
dividual in 2013, 12 individual in
2014 and 11 individual in 2015). The
population size reaches its first peak
at the beginning of May with 28 indi-
vidual in 2013, 35 individual in 2014
and 36 individual in 2015; however, it
reaches its second peak at the end of
August with a fairly large number of o A i _
individuals (33 individual in 2013, 38 I T I
individual in 2014 and 42 individual 2013 2014 2015
in 2015; Fig. 3). year

In Algeria, Isenmann et Moali
(2000) reported that the species ar- Fig. 2. Box plot representing the variation of booted eagle abun-
rives in the middle of March and  dance amongst 3 years of monitoring.
leaves at the end of September. Our
results are similar to those recorded in
the south-west of the Mediterranean (south-east Spain) (Martinez et al., 2006b; Jiménez-
Franco etal., 2014). In the Chettabah ravin , the number of pairs varied in the range of 11-14
pairs (11 pairs in 2013, 12 pairs in 2014 and 14 pairs in 2015), with a mean density of 1.23 +
0.153/km?. Our results are more important than those reported in the south of Spain, Murcia
(ranked first site in Europe), with 1.29 + 0.3/10 km? (Martinez et al., 2006b, 2011).

Garzon (1974): 1 pp./0.67 km? , Diaz Robledo (Marti, Del Moral, 2003): 11 pp./35 km? in the
western portion of Malaga, Hiraldo and Gonzéalez Grande (1987): 1 pp./0.80 km* (minimum)
and 1 pp./15 km? (maximum), Garcia Dios in Bosch ( 2003): 1 pp./3.20 km? (Candeleda, Avila)
and 1 pp./2.03 km? (valle del Tiétar, excepting Candeleda), Diaz (2006): 18 pp./10 km* (Madrid),
In Mallorca there is an abundance of 0.048 pp. / km? and in Menorca 0.130 pp. / km? (Viada, de
Pablo, 2009), Abundances have been recorded as 1 territory/10 km?* in Murcia, 0.8 territories/10
km? in Castellon, 0.7 territories/10 km? in extremadura, 0.7 territories/10 km? in Castile and Ledn
0.6 territories/10 km?* in Andalusia, Cantabria and la Rioja (Palomino, Valls, 2011).

Abundances have been recorded as 1 territory/10 km?in Murcia, 0.8 territories/10 km?in
Castellon, 0.7 territories/10 km?in extremadura, 0.7 territories/10 km?in Castile and Ledn
0.6 territories/10 km?in Andalusia, Cantabria and la Rioja (Palomino, Valls, 2011).
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Description of habitat and nest measurement

A total of 37 nests were monitored, including 28 nests (75.67%) for 3 consecutive years, 11
nests in 2013, of which 08 were measured; 12 nests in 2014, of which 10 were measured;
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18 - and 14 nests in 2015, of which

2 10 were measured. All the nests
g 14 1 were built on branches of pista-
5 11 - chio (67.56%) and Aleppo pine
g 7. (32.43%) (Fig. 3). In Europe,
£ the booted eagle builds its nest
2 47 on several types of support (e.g.
0 Pinus sylvestris (Diaz, 2005), P.
2013 2014 2015 pinaster (Garcia-Dios, Vifuela,

Dates 2000), P. nigra (Diaz et al., 1994),

Quercus suber (Urios et al.,
1991), Fagus sylvatica (Iribarren,
Rodriguez Arbeloa, 1988) and
Eucalyptus eucalyptus (Suarez et
al., 2000). Our results are approximately similar to those announced by Martinez (2002) in
Murcia and (Bosch, Prat, 2011) in Catalonia, where Pinus halepensis is the preferred support
for the nesting of this species. The internal diameter of the nest varies between 20 and 46 cm.
The external diameter varies between 63 and 108 cm; the height varies between 125 and 210
m. All the measured parameters do not vary according to the 3 years of monitoring: internal
diameter (ANOVA: F = 3.171; df = 2; p = 0.055), external diameter (ANOVA: F = 2.347; df
=2; p=0.111), height (ANOVA: F = 2.311; df = 2; p = 0.115). Our results confirm what was
proved by Zuberogoitia et al. (2011) in Spain (Bizkaia) (Table 1).

Fig. 3. Number of nests for booted eagle in forest of Chettabah amongst
3 years of monitoring.

Clutch size and egg measurement and period of incubation

The clutch size varies between 1 and 2-3 eggs. The number of nests with a modal clutch size
is 2 eggs (67.6%), 1 egg (27%) and 3 eggs (5.4%) among the 3 years. The mean clutch size is
2.7 £0.48 in 2013, 2.66 + 0.48 in 2014 and 2.6 + 0.50 in 2015. The distribution of this clutch
size shows that there is no a significant difference amongst the 3 years (X2 = 1.18; df(degree
of freedom)= 4; p > 0.05; Fig. 4).

For most species, nest construction involves a considerable investment of time and en-
ergy that could be reallocated directly to reproduction if nests were reused, resulting pos-

Table 1. Comparison of booted eagle nest characteristics in North Africa (present study) and Southern Europe (Spain).

Coeflicient
Nests characteristics Mean | Min | Max SD | of variation (%)
Internal diameter (cm) 34.33 20 46.00 | 6.52 18.99
Present study (n=37) External diameter (cm) | 82.33 63 108 11.82 14.35
Height of nests (m) 164.33 | 125 210 | 21.45 13.05

Internal diameter (cm) 27.5 - - - -

Spain (Zuberogoitia et al., 2011) | External diameter (cm) 72.5 - - - -

Height of nests (m) - - - - _
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sibly in earlier clutch initiation 100. -
or larger clutch sizes (Redmond
et al,, 2007). Booted eagle clutch 75 1
size varies between 1 and 2 eggs,

percent

50. -
and, rarely, 3 eggs (Martinez,
2002). Our results are similar 25. |
to those found by Diaz Ruiz .
and Cebollada Baratas (2011) in 0.
. . 1 2 3
Guadarrama Mountains (Spain) number of eggs in nests

with a modal clutch size of 2 ‘ distibation of clutch sive of booted easle .
cags (674). 1 cgg (25%)and 3 i Py by s of i e -
eggs (8%) (Diaz Ruiz, Cebollada

Baratas, 2011).

In the total of 63 eggs, 49 eggs were measured, of which egg length does not vary signifi-
cantly amongst 3 years of monitoring (ANOVA: F = 0.148; df = 2; p > 0.05).

The length of the eggs varies between 50.78 and 58.20 mm during the 3 years of monitor-
ing, with an average of 63.60 + 2.09 mm in 2013, 54.97 + 1.61 mm in 2014 and 54.69 + 2.36
mm in 2015.

No significant difference was observed in the eggs width amongst the 3 years (ANOVA: F
=2.016; df = 2; p > 0.05). Egg width varies between 40.32 and 49.12 mm, with an average of
55.59 + 1.86 mm in 2013, 54.91 + 1.66 mm in 2014 and 56.95 + 2.43 mm in 2015.

No significant difference was observed in the weight of the booted eagle’s eggs amongst
the 3 years (ANOVA: F = 0.842; df = 2; p > 0.05). The weight of the eggs varies between 54
and 73.40 g, with an average of 66.51+4.85 g in 2013, 64.28 + 6.3 gin 2014 66.07 £ 4.18 gin
2015. As for egg volume, it differs significantly among the years (Kruskal-Wallis test: X2 =
6.53, p < 0.05).

Numerous studies have shown that egg size is an important variable in the history of life
and it influences survival and reproductive success (Thomas, 1983; Stokland, Amundsen,
1988; Rutkowska, Cichon, 2005). Our eggs biometric dimensions are similar to what has
been confirmed in Spain (Garcia Dios, unpublished data, The Booted Eagle book in Spanish)
(Table 2).

Table 2. Comparison of booted eagle’s nest sizes in North Africa (present study) and Southern Europe (Spain).

Coeflicient of
Eggs characteristics Mean Min Max SD variation (%)
Present study Length (mm) 547665 | 50.78 582 2.01027 3.67
(n=49) Width (mm) 44.1763 40.32 49.12 2.06441 4.66
Weight (g) 65.5898 54 73.4 5.18752 7.89
Spain Length (mm) 54.73
Garcia dios 2014 Width (mm) 44.26
(n=113) Weight (g) 60.5
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The eggs are incubated by the female eagle during a period that varies between 33 and 38
days. No significant difference was observed in the incubation period amongst the 3 years of
monitoring (ANOVA: F = 0.200; ddl = 2; p > 0.05). Incubation is an essential part of breed-
ing birds (Deeming, 2002). It is an energetically costly step, and it takes time in the breeding
cycle (Vleck, 1981a,b; Reid et al., 2002). Our results confirm what has been proved by various
studies that the incubation period of the booted eagle eggs varies between 35 and 38 days
(Iribarren, 1975; Cramp, Simmons, 1980; Bezzel, 1985; Iribarren, Rodriguez, 1988; Perrins,
1987; Del Hoyto et al., 1994; Martinez et al., 2005).

4-success and mortality rate

In the total of 63 eggs, 55 eggs were hatched, with an average of 54.22 + 2.36 (90%) in 2013,
54.11 £ 2.88 (76.19%) in 2014 and 51.77 + 2.04 (84%) in 2015. No significant difference was
observed in the hatching success in functions of the 3 monitoring years (Kruskal-Wallis test:
X2 = 0.570, p > 0.05). The average number of fledglings is 52.69 + 2.15 (88.88%) in 2013,
73.38 + 2.73 (87.50%) in 2014 and 54.69 * 2.36 (85.71%) in 2015. The number of fledging
was not significantly variable amongst the years of study (Kruskal-Wallis test: X2 = 0.040; p >
0.05). Our results regarding hatching success and fledged success are close to what have been
proved by Martinez et al. (2006a,b and 2011) in Spain (Table 3).

The fledgling chick/nest number is 1.297 chicks (n = 37) is close to S de Guadarrama,
1.20 chick (Diaz, 2006); is important in Valle del Tiétar, 1.02 chicks (Garcia Dios, Vifiuela,
2000); and less important to southern Spain and northeastern Spain: Madrid, 1.46 (Diaz,
2006) and Murcia, 1.57 chick (Sanchez et al., 1995) and 1.65 chick (Martinez et al., 2006a).
Alto Tajo: 1.70 chick (Arroyo, 2003), Central Catalonia: 1.82 chick (Bosch, 2003) and North
S2: 1.72 chick (Diaz, 2006). The mortality rate is 11.11% (2013), 12.50% (2014), 17.64%
(2015) of an average 13.752% during the study years, (Martinez et al., 2006a) suggested that,
The main cause of mortality is predation by carnivores and owls. In our study area, owls were
noticed by regurgitation pellets as well by their nocturnal scream, which can be one of the
causes of loss of chicks throughout the study period. Our results are significant in contribu-
tion to those announced at Téitar Valley with a rate of 30.3% (Garcia Dios, Vifiuela, 2000).

Table 3. Comparison of booted eagle’s nest success in North Africa (present study) and Southern Europe (Spain).

Number of Number of Number of
Year eggs laid eggs hatched (%) young fledged (%)
2013 20 90 88.88
Present study 2014 21 76.19 87.50
2015 25 84 85.71
2002 24 20(81) 19(95)
2003 27 22(81) 18(82)
Spain (Martinez, 2006, 2011) 2004 33 24(73) 13(54)
2007 - 18(90) 9(90)
2008 - 17(68) 12(86)
2009 - 24(73) 15(83)
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Conclusion

From this study, which turns out to be the first in North Africa, we were able to shed some
light on the breeding biology of booted eagles in Algeria. Although pioneering, this work
must be developed further in the near future. Indeed, certain aspects of the bioecology of
this raptor deserve special attention to allow improving our understanding on the mecha-
nisms driving this population. It would be, therefore, of great importance to initiate studies
on multiscale factors (local versus landscape) affecting (i) the nest site selection, (ii) breeding
parameters and (iii) nest survival.
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