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Abstract

1.

Long-lived avian scavengers are threatened worldwide and thus, are common tar-
gets of conservation plans. However, scientific evidence of both the factors limit-
ing populations and effectiveness of management actions are greatly needed in

order to develop more efficient and successful conservation strategies.

. We assessed the effectiveness of conservation actions applied within a LIFE-

Nature project aimed at improving the long-term survival of the critically endan-
gered Canarian Egyptian vulture: including education campaigns for public
awareness and control of illegal poisoning and the modification of power lines to
reduce the risk of accidents. We formulated a multievent capture-mark-recapture
model to obtain estimates of survival for juvenile, subadult and adult birds ac-

counting for probabilities of resight, recovery and losses of metal and colour rings.

. Models supported a substantial enhancement in survival for subadult and adult

birds and a moderate improvement for juveniles after the implementation of LIFE

actions. Ring loss probabilities became notably high in the middle to long term.

. Poisoning events became very rare after LIFE was implemented, suggesting a posi-

tive effect of environmental education and awareness campaigns. Entanglements
and collisions in power lines were also efficiently mitigated. Instead, electrocutions

became the most identified cause of death in the post-LIFE stage.

. Synthesis and applications. Our results highlight the improvement of survival in a

threatened island vulture population after the implementation of a European LIFE
conservation project. On small islands, with small human populations and few
stakeholders, education and awareness campaigns can be especially effective for
biodiversity conservation. We also demonstrate the need to complement conser-
vation programmes with long-term monitoring, which is essential to evaluate the

effectiveness of actions, especially for long-lived species.
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1 | INTRODUCTION

Studies identifying threats and assessing the effectiveness of man-
agement measures for species, populations and ecosystems are es-
sential for the conservation of biodiversity (Ferraro & Pattanayak,
2006; Frederiksen, Lebreton, Pradel, Choquet, & Gimenez, 2014,
Sutherland, Pullin, Dolman, & Knight, 2004). Systematic long-term
evaluation helps pinpointing the effectiveness of management strat-
egies and enhances discussions on how to improve them (Rose et al.,
2018; Sutherland et al., 2004). The LIFE Programme is the main
funding instrument for nature conservation in the European Union
(EU). One of its key objectives is to achieve the EU 2020 Biodiversity
target of ceasing biodiversity loss (European Commission, 2011).
However, after substantial economic and institutional efforts, the
conservation status of only a few target species and habitats has
improved, whereas many are still impoverished or declining. This
has led to concerns about the programme's overall effectiveness
(European Environmental Agency, 2010, 2011; Hermoso, Clavero,
Villero, & Brotons, 2017).

Adding evidence-based conservation strategies, by means of
systematically assessing the effectiveness of specific LIFE actions
on targeted species and habitats, could be essential in order to im-
prove the overall results of this programme (Henle et al., 2013; Rose
et al., 2018). However, as for most management actions worldwide,
LIFE actions are not always robustly evaluated (Henle et al., 2013;
Hermoso et al., 2017; Pullin, Knight, Stone, & Charman, 2004). This
is particularly true for long-lived vertebrate species, which are usu-
ally priority targets of conservation funding, including many LIFE
projects (Cardoso, Erwin, Borges, & New, 2011; Hermoso et al.,
2017). Survival of adult, and to a lesser extent, subadult individu-
als, is the key parameter influencing population viability and dynam-
ics of long-lived species with deferred sexual maturity (Saether &
Bakke, 2000; Sergio et al., 2011). However, long-term monitoring
programmes are required to obtain robust survival estimates (Sanz-
Aguilar et al., 2017). Long-lived species show age-structured pat-
terns of survival, which generally increases with age as a result of
age-related improvements in several skills (e.g. foraging, territory
acquisition, migration, reproduction, etc.) or due to the selective dis-
appearance of low quality individuals during early life (McNamara
& Houston, 1996; Sergio et al., 2014). Consequently, it is essential
to establish appropriate long-term evaluations on how conservation
measures affect key demographic parameters (i.e. survival) in these
species (Kelly etal., 2015; Lieury, Gallardo, Ponchon, Besnard, &
Millon, 2015; Oro, Margalida, Carrete, Heredia, & Donazar, 2008;
Sanz-Aguilar, Martinez-Abrain, Tavecchia, Minguez, & Oro, 2009).

Large avian scavengers (i.e. condors and vultures) are very

long-lived species, with some individuals living over 40 years (De

Magalhdes & Costa, 2009). Vultures are experiencing dramatic
population declines throughout the world, to the extent that now-
adays they are among the most threatened animal taxa (Birdlife
International, 2018; Ogada, Keesing, & Virani, 2012). The main rea-
sons for their declines are mortality by poisoning (intentional or un-
intentional) and accidents with man-made structures (Botha et al.,
2017). In these species, age-related behavioural changes (e.g. terri-
toriality, changes in foraging strategies) can have substantial impacts
in their chances of mortality by anthropogenic factors (Hernandez
& Margalida, 2009). Adults are more susceptible to illegal poisoning
than juveniles and subadults, which typically rely more on supple-
mentary feeding stations (Hernandez & Margalida, 2009). On the
other hand, subadults can be especially vulnerable to accidents with
man-made structures during the pre-breeding period, in which indi-
viduals prospect potential territories (Grande et al., 2009; Graiger
Hunt et al., 2017). In such a context, estimating age-related survival
rates of threatened populations is essential to design efficient man-
agement actions and to test for their effectiveness (Morris & Doak,
2002).

Capture-mark-recapture (CMR) models can be especially use-
ful to estimate the age- or stage-dependent survival probabilities
while accounting for imperfect detection of individuals (Lebreton,
Burnham, Clobert, & Anderson, 1992). However, CMR studies rely on
several critical assumptions, such as the fact that marks are not lost
(Williams, Nichols, & Conroy, 2002). When dealing with long-lived
species through long-term studies, marks can deteriorate and be-
come lost, preventing individual identification (Jovani & Tella, 2005)
and robust estimation of demographic parameters. Developments in
CMR models during the last few decades allow the robust estimation
of survival while accounting for mark loss (e.g. Cowen & Schwarz,
2006; Nichols & Hines, 1993; Sanz-Aguilar, De Pablo, & Donazar,
2015).

The Egyptian vulture (Neophron percnopterus) is a globally en-
dangered, widely distributed long-lived scavenger species (Birdlife
International, 2017). The Canarian non-migratory subspecies
(Neophron percnopterus majorensis) was widespread across the archi-
pelago in the early 20th century, but is now restricted to the east-
ernmost islands: Fuerteventura and Lanzarote (Spain; Martin, 1987).
Local extinctions and a dramatic population decline in the last half
of the 20th century has led this subspecies to be listed as “Critically
Endangered” (Palacios, 2004), with a global population limited to 21
territories as of 1998 (unpublished data). Casualties due to power
lines and illegal poisoning were identified as the main causes of mor-
tality, with shootings, ingestion of lead bullets and natural causes
contributing to a lesser extent (Donazar etal., 2002; Gangoso &
Palacios, 2002; Gangoso et al., 2009). Between 2004 and 2008, a
LIFE-Nature Project (LIFEO4NAT/E/000067) was implemented to
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mitigate non-natural mortality in this population. Specifically, LIFE
management actions were focused on (a) the modification of power
lines with anti-collision and anti-entanglement systems (performed
during 2005) and (b) the implementation of awareness-raising and
environmental education campaigns to educate the public about the
deleterious effects of illegal poisoning.

Here, we assess the effectiveness of these LIFE actions, taking
advantage of a long-term monitoring programme (1998-2017) in
which over 90% of the population had been individually ringed by
2017. We designed and applied a state-of-the-art multievent CMR
framework (Pradel, 2005) to estimate the survival of juvenile, sub-
adult and adult birds before and after the implementation of LIFE
management actions, while accounting for the loss of two different
kinds of rings used simultaneously during the study. In addition, we
collected and analysed data on the causes of mortality of marked
and unmarked dead individuals recovered during the 20-year study
period. If conservation measures were successful, we would predict
a reduction in the incidence of anthropogenic causes of mortality
(casualties due to power lines and poisoning), which, in turn, would
result in enhanced survival for all age classes. Our specific objectives
were to (a) assess whether survival improved after the implemen-
tation of LIFE measures and (b) evaluate changes in the causes of
mortality after LIFE actions. Finally, we aimed to provide estimates
of ring loss, recovery and resighting probabilities.

2 | MATERIALS AND METHODS

2.1 | Study area and population monitoring

The long-term intensive monitoring of the species on Fuerteventura
and Lanzarote islands began in 1998. Between 1998 and 2017, 369
fledglings were captured in their nests (age ~35-65 days old, from
mid-May to early August). In addition, eight juvenile (1-year-old), 66
subadult (2- to 5-years old) and 44 adult (26-years-old) birds were
captured using cannon-nets baited with carcasses. Their age was re-
liably assessed until their fifth year according to plumage patterns
(Forsman, 2016). All captured individuals were marked with metal
and plastic colour-rings with unique alphanumeric codes. The codes
on the colour-rings can be identified from up to 300 m, while the
codes on the metal rings required considerably closer distances.
During the monitoring period, we noticed that some individuals had
lost their plastic or metal butt-end rings. Hence, we took advantage
of cannon-net capture sessions to replace the missing rings. In addi-
tion, from 2015 onwards, we marked all newly ringed and all recap-
tured individuals with metal lock-on rings instead of metal butt-end
rings, as lock-on rings are expected to be permanent.

Breeding territories, supplementary feeding stations and com-
munal roosts were intensively monitored each year from February
to August to resight marked individuals. Observations from 1998
to 2017 (n = 3,308 live resightings/recaptures and 63 freshly re-
covered carcasses) were encoded in annual capture-recapture
histories. Moreover, we recovered 25 carcasses of unmarked indi-
viduals. Carcasses were found during regular monitoring (including

systematic searches under power lines) and, on a non-systematic
basis, following indications by locals, tourists and government per-
sonnel. The causes of death were determined when possible through
necropsy in wildlife rehabilitation centres and veterinary facilities.
According to the diagnostic results, individuals were assigned to one
of six death causes: (a) poisoning by toxic baits, including second-
ary poisonings (n = 24); casualties with power lines either due to (b)
electrocution (n = 15), (c) collision (n = 5) or (d) entanglement (n = 7);
(e) other causes, including apparent natural mortality such as infec-
tions or malnutrition as well as shooting and lead poisoning (n = 7);
or (f) unknown causes (n = 30). We assigned causes of mortality of
marked and unmarked juveniles, subadults and adults before and

after the LIFE project measures.

2.2 | Survival modelling

We developed a multievent CMR model (Pradel, 2005) to estimate
the probabilities of survival of multiple age classes, resight/recap-
ture of live individuals, recovery of dead individuals and ring loss (see
Appendix S1). Individuals were aged during ringing (see above). We
checked for possible sources of heterogeneity in survival and recap-
ture (Pradel, Gimenez, & Lebreton, 2005) using the goodness-of-fit
GOF tests for the Jolly Movement multistate model (which assumes
that all parameters are time and state-dependent), available in the
software U-CARE 2.3.2 (Choquet, Lebreton, Gimenez, Reboulet, &
Pradel, 2009).

The Multievent model was implemented in the software E-
SURGE (Choquet, Rouan, & Pradel, 2009). Parameters of interest
were estimated simultaneously by maximum likelihood (Choquet,
Rouan, et al., 2009). Our starting general model included: (a) a linear
effect of time since ringing on ring loss probabilities, because rings
can deteriorate over time; (b) temporal additive variation in survival
of juveniles, subadults and adults, since factors affecting vulture
mortality may have changed during the whole study period; (c) tem-
poral additive variation in resighting probabilities of birds carrying
colour-rings and birds carrying only metal rings, because identifying
the code of a colour-ring is easier than reading a metal ring, and the
monitoring effort or efficiency may have changed between years;
and (d) temporal variation in recovery probabilities, because the mon-
itoring effort or efficiency may have changed between years. Model
selection was based on Akaike's information criterion adjusted for
small sample sizes (AIC_, Burnham & Anderson, 2002). Models with a
AAIC_ <2 were considered equivalent (Burnham & Anderson, 2002).
The Akaike's weight (w,) was calculated as an index of relative model
plausibility and used to obtain model averaged estimates (Burnham
& Anderson, 2002). We performed a stepwise model selection pro-
cedure (see details in Appendix S1). We first tested for temporal
effects on recovery and resight probabilities. We then tested the
effect of time since ringing (i.e. ring age) on ring loss probabilities
using logarithmic and constant models. Finally, once the best model
structure for resight, recovery and ring loss parameters was se-
lected (i.e. the effects that minimized AIC ), we evaluated the effect
of the LIFE project management measures on survival probabilities.
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The LIFE project awareness campaigns were conducted during the
whole project but modification of power lines was implemented in
2005 (see Appendix S2). Consequently, we considered the middle
of the project as the reference point for evaluation (before LIFE,
1998-2006; after LIFE, 2007-2017). We tested if changes on sur-
vival occurred after 2006 and if this changes were proportional (i.e.
additive) or differential (i.e. interaction) for juveniles, subadults and
adult birds. Moreover, in order to assess the robustness of the LIFE
project effect to the reference point considered we performed ad-
ditional models with immediate effect (reference point at 2004) and
after-termination effect (reference point at 2008) of the LIFE project
effects (see details in Appendix S1).

3 | RESULTS

The global goodness-of-fit test model indicated an adequate fit to
the data (;(2 =34.97, df = 88, p = 1). Resight probabilities were very
high (especially for birds carrying colour-rings) and varied over time
(Figure 1) but independently of recovery probabilities. Models con-
sidering either constant or temporal probabilities of recovery (i.e.
probabilities of finding the carcasses of dead vultures) were equally
supported in terms of AIC_ (see Appendix S1: Table SA1.2). The
mean probability of carcass recovery was estimated at 0.34 (95%
Cl10.27-0.41).

For ring loss probabilities, the models that minimized the
AIC, (see Appendix S1: Tables SA1.3 and SA1.4) indicated that
the probabilities of losing both types of rings varied as logarith-
mic functions of the time since ringing (see Appendix S1: Table
SA1.2, Figure 2). Colour-ring loss probabilities were very low
during the first 5-6 years of use but increased progressively
as the ring became older (Figure 2). In comparison, metal butt-
end rings showed higher loss probabilities during the first years,

which kept increasing at a slower pace throughout the years

oS g0 0 I oo (P o (0 o\ o g g (g g9 ot
Year

(Figure 2). Cumulative probabilities of band loss showed that
from 10 years after ringing onward a substantial proportion of
ringed animals are expected to have lost at least one of their
rings (Figure 2).

Models considering changes in survival after the LIFE Project
implementation considering 2006 as reference point were ro-
bustly supported in terms of AIC_ (Appendix S1: Table SA1.5).
Model averaged estimates of survival showed a clear improve-
ment of adult (¢, ¢o,e = 0.89,95% C10.84-0.92; ¢, = 0.93, 95%
Cl 0.91-0.95) and subadult survival (¢, ;... = 0.90, 95% CI 0.87-
0.93; ¢ =0.95, 95% Cl 0.94-0.96), which relatively increased
4.8% and 5.0%, respectively (Figure 3). A slightly lower relative

after

improvement (3.5%) was found for juveniles, in which the 95%
Cl of survival estimates before (¢ = 0.92, 95% Cl 0.86-0.95) and
after (¢ = 0.95, 95% Cl 0.92-0.97) the LIFE project greatly over-
lapped (Figure 3). Model selection indicated that the improve-
ment of survival occurred during the implementation of LIFE
project measures (in year 2006), not at the start of the project
(year 2004) or after its total implementation (year 2008; see de-
tails in Appendix S1).

Mortality data indicate the existence of substantial differences
in the proportion of individuals found dead by different mortality
causes before and after the LIFE project implementation (Table 1).
Before the LIFE actions, poisoning-especially of adults-was the
most frequent cause of death (Table 1). Casualties with power
lines as a whole were the second most reported cause of mor-
tality, mainly due to entanglement, followed by collision and then
electrocution. The observed proportion of each mortality cause
markedly changed after the implementation of LIFE measures
(Table 1). Only three cases of poisoning were detected, account-
ing for a minor proportion of mortality causes. Collisions and
entanglements in power lines were no longer detected. Instead,
electrocution became the sole cause of mortality reported due to

these structures.
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4 | DISCUSSION

Monitoring endangered populations is essential for identifying
threats and planning conservation actions. The Canarian Egyptian

vulture population has been intensively monitored over the last
20 years, allowing the detection of mortality causes (Donazar et al.,
2002; Gangoso & Palacios, 2002), the planning and implementation
of conservation actions (LIFEO4NAT/E/000067) and the evalua-
tion of their outcomes (this study). Our results provide strong evi-
dence for a positive correlation between the implementation of the
LIFE project measures and the improvement of survival of a highly
threatened species. Survival improved for all age classes, especially
for subadults and adults. After LIFE actions, all age classes showed
high survival prospects: 95% for juveniles and subadults and 93% for
adults. This adult survival estimate is similar to other stable Egyptian
vulture populations in France (Lieury et al., 2015) and the Balearic
Islands (Sanz-Aguilar, De Pablo, et al., 2015) and higher than those
estimated for threatened Spanish populations in the Ebro Valley and
Andalusia (Sanz-Aguilar et al., 2017; Sanz-Aguilar, Sdnchez-Zapata,
et al.,, 2015) and for the Balkan populations (Oppel etal., 2016).
Population viability in long-lived species is highly dependent on adult
survival (Saether & Bakke, 2000). In fact, in parallel with the survival
improvements that occurred after the LIFE project, the population
approximately tripled, shifting from 21 territories in 1998 to 67 in
2017 (unpublished data). A minor survival increase was detected for
juveniles. Interestingly, juvenile survival was relatively high during
the entire study period and was very similar to subadult and adult
survival, similarly to the patterns described for other non-migratory
raptor populations inhabiting island systems (Sanz-Aguilar, De Pablo,
etal.,, 2015). In fact, migration and wintering conditions are impor-
tant determinants of juvenile mortality in avian trans-Saharan migra-
tory species (Grande et al., 2009; Klaassen et al., 2014).

Juveniles typically forage on predictable and poison-free food
resources available in supplementary feeding stations (Hernandez
& Margalida, 2009; Oro etal.,, 2008). On the contrary, adults,
due to their territorial habits, are more susceptible to poisoning
(Cortés-Avizanda, Colomer, Margalida, Ceballos, & Donazar, 2015;
Hernandez & Margalida, 2009). Therefore, improvements in adult
survival after the implementation of the LIFE measures could be re-
lated to a decline in poisoning. At the beginning of the study, one
out of every four recovered carcasses belonged to poisoned adults,
whereas only two poisoned adults were found in the entire post-LIFE
period. While mass wildlife poisoning events simultaneously involv-
ing several Egyptian vultures and/or other scavenger species were
common before LIFE implementation (six cases recorded), no fur-
ther events were detected after 2007. Therefore, we are confident
that the large number of cases of unknown cause of death does not
conceal a significant proportion of poisoning events and hence, the
mitigation of this mortality source has been effective. The species
was probably not the target of illegal poisoned baits (typically set for
feral dogs and ravens on the Canary Islands), but an indirect victim of
secondary poisoning, as has been described in other regions (Berny
etal., 2015; Hernadndez & Margalida, 2009; Ogada et al., 2012). In
this respect, environmental education can be a powerful tool to
mitigate human-wildlife conflicts (Cailly Arnulphi, Lambertucci, &
Borghi, 2017; Jacobson, McDuff, & Monroe, 2006; Trewhella et al.,
2004). Unfortunately, analyses of the effectiveness of this approach,
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TABLE 1 Absolute numbers and percentages of individuals found dead by different causes of mortality and age class before and after the
implementation of LIFE management actions. Electrocution, collision and entanglement are all power line accidents

Before LIFE implementation (1998-2006)

After LIFE implementation (2007-2017)

Death cause Juveniles Subadults Adults
Electrocution 2(4.1) 0(0) 0(0)
Collision 0(0) 3(6.1) 2(4.1)
Entanglement 2(4.1) 5(10.2) 0(0)
Poisoning 2(4.1) 5(10.2) 14 (28.6)
Others 0(0) 0(0) 3(6.1)
Unknown 3(6.1) 3(6.1) 5(10.2)
Total 9(18.4) 16 (32.7) 24 (49)

Values within parentheses are expressed as percentage.

although highly useful, are often missing (Gore, 2004). In our case,
actions for illegal poisoning mitigation were focused on environ-
mental education and awareness activities targeting multiple stake-
holders in Canarian society (farmers, teachers, students). Moreover,
general awareness campaigns via communication media (TV, radio,
newspapers, video documentaries) were focused on the visibility of
the species and its conservation. In our study area, the local com-
munity - especially farmers - generally shows great esteem for the
Egyptian vulture and does not perceive any conflicts with the spe-
cies; rather to the contrary, they recognize its role as a provider of
ecosystem services (Garcia-Alfonso et al., 2018). This fact may have
eased the awareness-raising process and contributed to the success
of this strategy. In addition, in some areas the presence of wild-
life monitoring groups may prevent wildlife persecution by means
of winning the trust of the local community and raising awareness
about the existing problems (European Commission, 2018). The
monitoring team has been operating on the islands since 1998, and
constantly interacting with stakeholders, which may have led to a
more positive perception of the species over the years, and could
have dissuaded people from using poison baits.

Casualties due to power lines became the most commonly re-
ported mortality source after the LIFE project implementation.
The vulture population shows great dependence on power lines to
form communal roosts due to the total absence of woodlands on
Lanzarote and Fuerteventura, which makes them highly susceptible
to accidents (Donazar et al., 2002; Gangoso & Palacios, 2002). Power
line modifications apparently mitigated entanglement and collision
mortality in an effective way. In contrast to the rest of the measures,
anti-electrocution systems were barely implemented (see Appendix
S2), which explains the lack of mitigation of electrocution as a cause
of death. The substantial growth of the Egyptian vulture popula-
tion during the study period could also explain the growing num-
bers of vultures found electrocuted in recent years. Furthermore,
since roosting birds mainly concentrate along stretches of the power
lines and on specific pylons (De Miguel, 2016), increased densities
and behavioural interactions (e.g. fights) at these sites may promote
higher electrocution rates (Lehman, Kennedy, & Savidge, 2007).
Despite huge monitoring efforts in our closed and relatively small

2(4.1)

3(6.1)

49 (100)

Total Juveniles Subadults Adults Total
2(5.1) 7(17.9) 4(10.3) 13(33.3)
5(10.2) 0(0) 0(0) 0(0) 0(0)
7(14.3) 0(0) 0(0) 0(0) 0(0)
21 (42.9) 0(0) 1(2.6) 2(5.1) 3(7.7)
0(0) 2(5.1) 2(5.1) 4(10.3)
11(22.4) 3(7.7) 5(12.8) 11 (28.2) 19 (48.7)
5(12.8) 15(38.5) 19 (48.7) 39 (100)

population, our estimates indicate that we only recovered 34% of
the dead marked individuals. Accidents with power lines are eas-
ier to detect due to the higher predictability of carcass location
(Hernandez-Matias, Real, Parés, & Pradel, 2015), and hence, our
mortality data may be biased towards power line-related mortality.
Unfortunately, the small sample size of marked birds recovered that
had died by different causes, or at different times or ages prevented
us from using more complex multievent models to account for spe-
cific mortality and recovery probabilities associated with each cause
of death. Cases of death due to unknown causes increased from
11 (22.4%) to 19 (48.7%) after LIFE implementation. Some of these
birds were found in close proximity to power lines and pylons (four
before LIFE and five after LIFE) and may be related to accidents with
these infrastructures.

Changes in food availability are known to be an important factor
shaping demographic parameters (Oro, Cam, Pradel, & Martinez-
Abrain, 2004; Parra & Telleria, 2004). Within this context, supple-
mentary feeding has become a common tool in vulture conservation
(Cortés-Avizanda et al., 2016) that mainly benefits non-breeding
birds (Donazar, Margalida, & Campién, 2009; Oro et al., 2008). In
our case, the main supplementary feeding station in the centre of
Fuerteventura in operation since 1998 and provided similar food
amounts during the entire study period (see Appendix S2). In 2008,
as an additional LIFE measure, a new supplementary feeding sta-
tion was created in northern Fuerteventura, and it gathered the
carcasses that were previously deposited near the neighboring
farms. This feeding station shows a much lower degree of use (Van
Overveld et al., 2018). Moreover, livestock numbers have decreased
during the last years (see Appendix S2). Consequently, we think that
supplementary feeding or changes in food availability per se cannot
explain the substantial improvement of survival after LIFE imple-
mentation (see details in Appendix S2), and besides, our results in-
dicate that the change in survival occurred in 2006, not after 2008,
when the new supplementary feeding station was created. Indeed,
the highest robustness of the model with the breaking point in 2006
with respect to those in 2004 and 2008 is in line with the fact that
most LIFE project actions were implemented between mid-2005 and

2008. Thus, our results indicate that reduction of mortality due to
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poisoning and accidents with power lines occurred during the LIFE e
project and not after the total deployment.

Our results identify the relevance of accounting for tag loss when
estimating demographic parameters, especially for long-lived spe-
cies (Arnason & Mills, 1981; McDonald, Amstrup, & Manly, 2003).
In our case, we benefitted from a huge monitoring effort allowing
the detection and modelling of ring loss. Ring loss probabilities reach
alarming values in the mid-long term, to the extent that half of the
rings of either type are expected to be lost 15 years after marking.
Interestingly, colour-ring loss became noticeable after the sixth year
of use, while metal butt-end ring loss progressively increased from
the very first years. Given the high loss rates that both rings reached
over time in our study, not accounting for ring loss would have implied
biases in our survival estimates (Arnason & Mills, 1981), which may
have led to a misinterpretation of the effectiveness of the present

LIFE measures.

5 | CONCLUSIONS

The development of the LIFEO4NAT/000067 project has demon-
strated the effectiveness of anti-entanglement and anti-collision
modifications in power lines to mitigate associated mortality. Future
conservation efforts should now focus on reducing electrocution ac-
cidents, which remain as the main known non-natural mortality factor.
Identifying electrocution “mortality hotspots” and applying correc-
tion measures should be a priority for future conservation plans (Guil
et al.,, 2011; Mafosa, 2001). Fortunately, these lines of action are the
foundation of a new LIFE-Nature Project (LIFE16NAT/IT/000659) ap-
proved for the period 2017-2022 (total budget 5,084,605.00 €).
Our study highlights the importance of integrating environmen-
tal education and awareness actions into conservation plans, as
they appear to be the most important factors mitigating poisoning
mortality in our population. The specific features of our study may
have favoured the effectiveness of this strategy: namely, two small
islands, with a relatively small human population and few rural
stakeholders (mainly goat farmers) involved in vulture conserva-
tion. Our experience may be exportable to similar island scenarios
where avian scavengers and other threatened vertebrates are on
the verge of extinction (Donazar, Gangoso, Forero, & Juste, 2005;
Hille & Collar, 2011). In fact, it is well known that biodiversity loss
and accelerated extinction rates are especially important problems
on islands (Sax & Gaines, 2008). Therefore, we urge the prioritiza-
tion of investments in awareness and education campaigns.
Finally, we would like to point out the serious lack of long-term
assessments of effectiveness of EU LIFE projects. Usually, the final
LIFE evaluations only include short-term appraisals of technical as-
pects and completion of proposed tasks, but lack extended science-
based assessments over longer periods. Providing science-based
evidence of the effectiveness of conservation actions can be rele-
vant to scientists and practitioners, but also a powerful positive rein-
forcement for stakeholders and decision-makers towards nature and
biodiversity protection (Rose et al., 2018; Sutherland et al., 2004).
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