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The Spanish imperial eagle (Aquila adalberti) is one of the most endangered raptors in the world. The pop-
ulation of Doflana National Park (south-western Spain) suffered a dramatic decline from 1990 on, after a
long period of stability. The high adult mortality due to poisoning was the main cause of the decline,
decreasing fecundity and biasing the offspring sex ratio to males due to a higher proportion of non-adult
breeders in the population. In face of the imminent extinction, an urgent multi-action conservation plan
was implemented in 2004. Supplementary feeding throughout the year with live wild rabbits was under-
taken to prevent breeders from foraging outside the National Park and therefore reducing adult mortality
by poisoning. Likewise, the population was reinforced with the release of young eagles (mainly females)
by hacking techniques. After implementing the plan, the annual adult mortality decreased from 12% in
the declining period to 2.1% during the recovery period. The lower adult mortality resulted in a lower
population turnover and thus in an increasing average age of breeders (proportion of non-adult plumage
decreased from 21.3% to 8.9%). Accordingly, the fecundity recovered to values close to those prior to
decline (from 0.6 to 1.3 young/pair) and the sex ratio was balanced again (from 81% to 48% males). In fact,
the predicted population persistence increased up to nearly six times after the application of the action
plan. Therefore, the conservation actions applied were effective in a relatively short period and made pos-
sible the rescue of the threatened population from the extinction vortex.
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1. Introduction

The Spanish imperial eagle (Aquila adalberti), with its global
population of 340 pairs located exclusively in the Iberian Penin-
sula, is the most endangered bird of prey in Europe and one of
the most threatened raptors in the world (Ferrer and Negro,
2004; BirdLife International, 2008). It is a large (2500-3500 g), sed-
entary and territorial bird of prey, with a low reproductive rate
(average 0.75 chicks per pair per year), an immaturity period of
4-5 years, and an estimated maximum longevity of 21-22 years
(Ferrer and Calderén, 1990). The species has three easily distin-
guishable plumage classes: (1) juvenile, with a tawny-coloured
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, that is predominantly dun-coloured with character-
istic whitish markings, present in birds from the age of 5 years on.
These differences are visible in the field and make the detection of
a mixed-age pair (one member of the pair in non-adult plumage)
easy and unequivocal.

Paired birds occupy territories, with a mean size of 1200 ha
(range = 980-1870 ha; Ferrer, 2001), that are exclusive and
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vigorously defended throughout the year. In contrast, the behav-
iour of juvenile or subadult unpaired eagles (termed floaters) is
radically different (Ferrer, 1993). Floaters move between tempo-
rary settling areas and return to the natal population continually
during the early years of life (Ferrer, 1993).

The most intensively studied population of this eagle is in Dofi-
ana National Park (south-western Spain), where the 20,000 ha of
suitable habitat holds a maximum of 16 pairs (Ferrer and Calderén,
1990; Ferrer and Donazar, 1996). This population at Dofiana is sep-
arated from other breeding populations of this species, as the next
closest breeding population of eagles is 150 km away (estimated
interchange with other population of one eagle each generation;
i.e., 16.4 years; see Ferrer and Calderén, 1990).

After a long period of numerical stability, the Doflana popula-
tion started a dramatic decline after 1991. During 1990-2002
breeding numbers decreased annually by an average of 6% (Ferrer
and Penteriani, 2008). In addition, fecundity declined from a mean
value of 0.75 young per pair per year during the stable period to
0.59 during the 1990-2002 decline. At the same time, the average
annual sex ratio of young changed from 50% to 78% males. Despite
a supplementary feeding program started in 1991, providing food
to breeding pairs close to the nest during the breeding period, it
was not possible to change the declining trend. In 2004, in face
of this urgent situation, we studied the causes of this decline to
suggest conservation actions to avoid local extinction.
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A large increase in annual adult mortality, due to an increase in
poisoning in hunting areas surrounding the National Park, was
identified as the main factor explaining this decline (Ferrer and
Penteriani, 2008; Ferrer et al., 2009). The use of poison (mainly
cholinesterase inhibiting agricultural insecticides as carbamates
and organophosphates) aimed at generalist predators increased
when a new disease, pneumonic hemorrhagic virus, reduced wild
rabbit populations (Villafuerte et al., 1994; Ferrer and Negro,
2004; Hernandez and Margalida, 2009). With a low rabbit density,
eagles were forced to explore areas outside the National Park,
where they came into contact with poisoned baits. Poisonings ac-
counted for more than 54% of the 51 breeding eagles found dead
in the period 1990-2002, increasing average annual adult mortal-
ity from 6.1% to 12.0%. This high adult mortality indirectly caused
changes in fecundity (Allee effect; Ferrer and Penteriani, 2008) and
the sex ratio of nestlings (Ferrer et al., 2009).

The effect on fecundity was due to the long breeding cycle in the
eagles, which lasts for some 8 months (Ferrer, 2001). Assuming
that the probability of death is uniform throughout the year and
that both parents are necessary during the whole cycle, with a
6% rate of adult mortality the population of Dofiana National Park
lost one pair during the breeding season each year on average. In
consequence, fledgling production of the entire population is ex-
pected to change only from 11.3 to 10.53 because the effect of
adult mortality on fecundity is negligible. Nevertheless, in a popu-
lation of 15 pairs with an annual adult mortality of 12.01%, the pre-
dicted adult mortality rate is 3.6 per year and the expected
fecundity is 0.6 fledglings per pair. Therefore, as adult mortality in-
creases its effects on fecundity also increases. High mortality rates
for adults also depress floater availability causing an increasing dif-
ficulty to replace a lost mate in the breeding population. A delay in
a substitution could result in the loss of the breeding season that
year. High adult mortality and low floater availability both facili-
tated an Alle effect (Ferrer and Penteriani, 2008).

Due to the high turnover in territory holders, as a consequence
of high adult mortality, the proportion of breeders in non-adult
plumage increased. It is known that in the case of the Spanish
imperial eagle (Ferrer et al., 2009), as in other bird species (e.g.,
Red-winged Blackbird [Agelaius phoeniceus]; Blank and Nolan,
1983; Wandering Albatross [Diomedea exulans]; Weimerskirch
et al., 2000), younger breeders produced more chicks of the smaller
(cheaper) sex, males in the case of the eagle (male weight/female
weight = 0.83). This in turn produced a sex-ratio deviation at the
nestling population level of this Spanish imperial eagle population
affecting seriously the population viability (Ferrer et al., 2009).

Calculating Vortex simulations, using the high mortality rates of
adult birds, low fecundity, and distorted sex ratio of chicks in 2004,
estimated mean time to extinction for the population was
11.5 years, with a 100% probability of extinction in 100 years (Fer-
rer et al., 2009).

In light of these results, a new management program was
implemented from 2004 with the aim of reducing the adult mortal-
ity, restoring the sex ratio of nestlings and recovering the imperial
eagle population of Dofiana. In order to avoid the risk of eagles
exploring areas outside the National Park and to provide secure
food for them, within the breeding territories, we built fences
around % ha areas stocked with live rabbits provided throughout
the year. The aim was not to increase fecundity by food provision-
ing, but to reduce the movements of adult eagles outside the Na-
tional Park, and hence the risk of poisoning. At the same time, a
radio-tracking program to detect eagle mortality and educational
work programs for hunters were implemented.

It was expected that a decrease in adult mortality would lead to
increased fecundity. Also a more balanced sex ratio among chicks
would be expected due to an increase in the mean age of breeders
(Ferrer et al., 2009). Nevertheless, population reinforcement with

young eagles, mainly females coming from other populations,
was also undertaken and during 2005-2009, 15 young eagles were
released in Doflana National Park using hacking techniques (Muriel
et al.,, 2011).

In this paper, we analyze whether those actions have success-
fully rescued this declining population of eagles, by reducing adult
mortality, recovering a 1:1 sex ratio, increasing fecundity and pop-
ulation size, and decreasing significantly the risk of extinction. For
this analysis, we consider three different periods: the 1976-1991
period during which the population was in stable mode, the
1992-2003 period during which population was in a dramatic de-
cline, and the 2004-2011 period during which the new manage-
ment techniques were applied (Table 1).

2. Methods

The data used in this study were obtained from the Dofiana Bio-
logical Station archives and collected in the field by one of the
authors (M.F.) from 1985 to 2011 inclusive. The whole National
Park area was surveyed at the beginning of each breeding season
to determine if pairs were present on breeding territories. Surveys
covered territorial establishment, nest selection and courtship
periods (January-February). The sedentary behaviour of this spe-
cies, and its tendency to call repeatedly, greatly facilitates the
detection of pairs on territory. It is therefore likely that all breeding
attempts were detected, as were pairs that did not breed. We con-
sidered a breeding attempt as successful when the nestlings
reached the age of 50 days (i.e., the age of ringing). During 1984-
1999, sex was determined by applying a discriminant function
analysis including forearm and tarsus length (Ferrer and De le
Court, 1992). Since 2000, we also used a different molecular meth-
od, taking a blood sample when ringing the nestlings, and using the
cellular fraction to sex the eagles (Ellegren, 1996). Analyses were
carried out in the molecular ecology laboratory of the Dofiana Bio-
logical Station.

In order to evaluate the ultimate effect of management tech-
niques on the persistence of the population, we conducted simula-
tion analyses. Analyses of population viability as a tool to evaluate
management techniques have been used extensively (Nilsson,
2003; Naujokaitis-Lewis et al., 2008; Soutullo et al., 2008; Duca
et al., 2009; Garcia-Ripollés and Lopéz-Lopéz, 2011). Here we used
the Vortex simulation software (Vortex, version 9.72; Lacy et al,,
2005) to compare variation in persistence time before and after
the application of the recovery plan, including two scenarios, with
and without releases of young eagles by hacking. We used previ-
ously published estimates of fecundity and mortality parameters
(Ferrer and Calderén, 1990; Ferrer et al., 2004; Ferrer and Penteri-
ani, 2008; Ferrer et al., 2009), as well as field data from the last
8 years of the study period (Table 2). We performed 1000 repli-
cates of each scenario for 100 years of simulation. Assumptions
used for the PVA included a monogamous breeding system, a sta-
ble age distribution, and breeding by 100% of adults. Reproduction
was assumed to occur at 4 years of age, and the maximum age of
reproduction was set to 22 years (Ferrer and Calderén, 1990). As

Table 1

Demographic parameters of the population during the three studied periods (1976-
1991, stability; 1992-2003, decline; 2004-2011, recovery). Last row shows parameter
values for the recovery period including the released young eagles.

Periods Adult Immature Fecundity Sex ratio of
mortality (%) breeders (%) nestlings

1976-1991 6.07 3.294 0.815 0.401

1992-2003 12.01 21.34 0.559 0.812

2004-2011 2.11 8.888 1.059 0.508

With releases 2.11 8.888 1.294 0.484




Download English Version:

https://daneshyari.com/en/article/6301036

Download Persian Version:

https://daneshyari.com/article/6301036

Daneshyari.com


https://daneshyari.com/en/article/6301036
https://daneshyari.com/article/6301036
https://daneshyari.com

