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Current European sanitary laws are promoting the concentration of domestic livestock carcasses in lim-
ited locations called ‘vulture restaurants’ or supplementary feeding stations in order to safeguard human
health. However, this type of food concentration could lead to monopolization by a few, large dominant
species. Management guidelines are urgently needed to ensure that potentially less competitive and
more endangered scavengers can also benefit from this resource, considering that once abundant car-
casses are now absent from the field. Here, we assess factors affecting the abundance of six avian scav-
enger species at 17 feeding stations in northern Spain, considering aspects such as carrion availability,
physiographic features, humanization, presence of heterospecifics and densities of scavengers during
both winter and summer seasons. Results indicate that conditions for interspecific facilitatory processes
are possible at low numbers (<100 individuals) of griffon vultures (Gyps fulvus). Otherwise, the other
avian scavengers are excluded. In a few cases, spatio-temporal patterns of segregation become apparent.
Differences in the size of carcasses supplied to feeding stations as well as the local characteristics influ-
ence the balance of species at these points and, therefore, how species of conservation concern use feed-
ing stations. Future legislation should encourage the opening of numerous feeding stations supplied with
low quantities of food to mimic the original condition of temporal and spatial unpredictability of car-
casses and to maintain ecological relationships within the scavenger guild.
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1. Introduction

Public health issues and subsequent sanitary laws are increas-
ingly interacting with environmental policies mainly because of
the possibility of disease transmission between wildlife and domes-
tic species and humans (Daszak et al., 2000; Cleaveland et al., 2001).
One example is the European sanitary laws approved after the out-
break of the Bovine Spongiform Encephalopathy (BSE) in late 1990s
that made obligatory the removal and cremation of all livestock
carcasses. Traditional practices, especially in remote areas, have in-
cluded the abandonment of carcasses in the field, which have main-
tained complex ecological processes affecting the soil, vegetation
and consumers, from invertebrate to large vertebrates (DeVault
et al., 2003; Selva and Cortés-Avizanda, 2009). Avian scavengers
of southern Europe and other warm and temperate Old World
regions have positively responded to these practices, and have been
historically dependent on livestock carcasses associated with
human activities such as traditional agro-grazing practices and
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transhumance (Mundy et al., 1992; Donazar et al., 1996a; Olea
and Mateo-Tomas, 2009).

The onset of generalized collection of carcasses is expected to
have consequences for avian scavenger populations (Tella, 2001)
and this has led to new regulations (EU1774/2002; EU322/2003;
EU830/2005; CE 1069/2009) permitting carcasses to be left in the
field to feed scavengers. In any case, legal constraints are still very
important and the abandonment of dead animals is only possible
in specific locations (Deygout et al, 2009; Donazar et al,
2009a,b). Thus, state and regional governments in Mediterranean
countries are following a common strategy, whereby a few sites
- commonly termed supplementary feeding stations or “vulture
restaurants” - are supplied with carcass remains to feed vultures
(Piper, 2006). While waiting for future legislations that will allow
scavengers to feed again on extensive livestock carcasses, vulture
restaurants currently are an urgency measure. However, in some
cases the use of supplementary feeding stations may become per-
manent in some Mediterranean regions because the current de-
cline of the extensive grazing practices (Dondzar et al., 2009b).
Because of the strong restrictions imposed by sanitary regulations,
the number of these sites is estimated to be less than 20% of the
formerly existing feeding places that were traditionally associated
with small farms and villages (Dondzar et al., 2009a). This new
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scenario of food concentration is promoting large aggregations of
the largest and most common species, the griffon vulture Gyps ful-
vus (see below), and could be affecting carcass consumption by
other less abundant, smaller species of great conservation concern
belonging to the same guild or functional group (sensu Blondel,
2003).

The dynamics of scavenging processes, and their role in the
function of food webs and ecosystems, are strongly dependent on
the concurrence of specialist and facultative scavengers, and on
the competitive processes in which they are involved (DeVault
et al., 2003). Old World scavengers share a common food resource
(i.e., carrion; Hertel, 1994; Hertel and Lehman, 1998) and have
evolved particular morphological and/or behavioural skills that
allow their coexistence through an ordered resource-partitioning
process (Konig, 1983; Houston, 1988). Facilitatory and/or compet-
itive processes seem to take place according to the species and the
number of individuals present at a carcass. In particular, smaller
species would benefit from the presence of larger ones (mainly vul-
tures of the Gyps genus) that open tough skins and increase the
overall availability of resources (facilitatory processes; Kruuk,
1967; Konig, 1974). However, when larger and dominant species
greatly outnumber the others, a monopolization of resources
may occur (Monkkénen et al.,, 2004). Consequently, guidelines
aimed at avoiding these imbalances in the use of supplementary
feeding stations are urgently needed to sustain healthy popula-
tions of scavengers as well as to maintain ecological and evolution-
ary processes.

The aim of this paper is to explore some potential ecological
consequences of the implementation of the new European sanitary
legislation of carcass removal and concentration on the avian scav-
enger guild. Specifically, we evaluate the use made by six scaven-
ger species (the griffon vulture G. fulvus, the Egyptian vulture
Neophron percnopterus, the bearded vulture Gypaetus barbatus,
the red kite Milvus milvus, the black kite Milvus migrans, and the
common raven Corvus corax) of 17 supplementary feeding stations
that differ in their local characteristics and management (mainly in
terms of time, quantity, and type of food provided). Taking into ac-
count the information available on the guild structure, the popula-
tion size of scavengers in the study area (see below), and the
foraging behaviour of each species, we hypothesize that: (1) large
aggregations of griffon vultures, the largest and most abundant
scavenger, would inhibit suitable conditions for facilitatory pro-
cesses, reducing the abundance of other, smaller scavengers at
these sites, and (2) features such as geographic location, and avail-
ability and type of food supplied to feeding stations would favour
their use by some species at the expense of others. Under the first
hypothesis, we predict that abundances of griffon vultures should
be negatively related to the abundance of the other scavengers
consequently reducing the diversity of the guild. Under the second
hypothesis, we predict that griffon vultures, a large sized species
with well-developed social foraging behaviour (Houston, 1983),
would use feeding stations with abundant large carcasses, whereas
medium and small sized carrion eaters would use feeding stations
supplied with smaller-sized carrion.

2. Materials and methods
2.1. Scavenger species and populations in the study area

The study was performed in a 10,000 km? area located in
Northern Spain (Fig. 1), where large local densities of scavengers
have been reported. The breeding population of griffon vultures
(ca. 10,500 g, resident) is around 2400 pairs (ca. 11% of the Iberian
population) and, mainly during summer, co-exists with hundreds
of immature birds that aggregate at communal roosts (Del Moral

Fig. 1. Study area showing the location of the monitored feeding stations.

and Marti, 2001; authors’ unpublished data). Egyptian vultures
(ca. 2000 g; migratory) occupy 380 breeding territories (ca. 30%
of the Iberian population) and there are six large communal roosts
that may attract, during the summer, up to 200 birds from a wide
geographic area (Dondzar et al., 1996b; author’s unpublished data).
Bearded vultures (ca. 6000 g; resident) occupy eight breeding ter-
ritories (ca. 10% of the Iberian population) in the western part of
the Pyrenees (Margalida and Heredia, 2005). Finally, there are
around 300 breeding pairs (10% of the Iberian population) of red
kites (ca. 1000 g; resident), as well as over 3000 wintering individ-
uals (Vinuela et al., 1999; Gorosti, 2007). No reliable information is
available for black kites (ca. 800 g, migratory) and common ravens
(ca. 1100 g, resident), although they seem to be abundant in the
study area and there are probably hundreds of breeding pairs, as
well as important winter and summer communal roosts (Campi6n,
2004; authors’ unpublished data).

2.2. Field procedures

We monitored 17 supplementary feeding stations during the
summer of 2005 (n = 16) and winter of 2005-2006 (n = 15). Obser-
vations were concentrated during the central months of each sea-
son (June-August and December-February) to maximise the
presence and abundance of species with marked seasonal changes
in abundance (mainly Egyptian vultures and black and red kites,
see above). Monitoring length varied between 10-17 days (winter)
and 5-24 days (summer). The visits were not simultaneous and
were performed from 9 a.m. to 4 p.m. and from 8 a.m. to 8 p.m.
during winter and summer, respectively. All the surveys were con-
ducted under good weather conditions permitting foraging activi-
ties of the studied species. During each visit, we recorded every
20 min (our sampling unit) individual presence and abundance
for each species at the feeding stations and in the immediate sur-
roundings (ca. 200 m). The total numbers of censuses undertaken
were 427 in winter and 407 in summer. Although the proximity
in time between censuses (20 min) could suggest that the observa-
tions were not independent, the activity at feeding stations is very
dynamic, with continuous changes in the number of individuals
because of the incessant arrivals and departures of birds (authors’
unpublished data). To reduce some potential spatial autocorrela-
tion in the data set and to control for this non-independence, we
fitted “Date” as a random factor in the analytic procedures (see
below).
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Data were recorded from a vehicle using binoculars (10x 40)
and telescopes (20-60x ) fitted to car windows at a minimum dis-
tance of 300 m to avoid interfering in the activity of birds.

2.3. Analytical procedures

2.3.1. Prediction 1: abundances of griffon vultures should be negatively
related to abundances of the other scavengers and guild diversity

We used Principal Component Analyses (PCA, Digby and Kemp-
ton, 1987) to detect association patterns between griffon vultures
and the other studied species. Data were previously log (+1) trans-
formed to obtain normality. A Varimax rotation was applied. Addi-
tionally, we used Generalized Linear Mixed Models (GLMM,
McCullagh and Searle, 2000; SAS Institute Inc., 2009) to assess
the effects of the number of griffon vultures on the diversity of spe-
cies using feeding stations (link function: identity, error distribu-
tion: normal). Diversity was calculated using the Shannon index
(Magurran, 2003). Subsequently, we explored the relationship
between the abundance of griffon vultures and that of the other
smaller species (link function: logarithmic, error distribution:
Poisson) to detect interspecific differences. We included the time
of day at which censuses were performed (morning: <12 a.m.;
afternoon: >12a.m.) to detect temporal segregation between
species. “Feeding station” and “Date” were fixed into models as
random terms to control for spatial and temporal heterogeneity
as well as to reduce non-independence of the data.

2.3.2. Prediction 2: feeding station features may favour their
differential use by some species

We used Generalized Linear Models (GLM, McCullagh and Nel-
der, 1989; SAS Institute Inc., 2009) to identify those characteristics
of feeding stations affecting their differential use by scavengers
(see below and Table 1). We only considered feeding stations with
more than 5 positive surveys (i.e., at least one bird of the study spe-
cies present; winter n =15; summer n = 12). As response variables
we considered: (i) the relative presence of each focal species,
which was assessed as the proportion of positive surveys out of
the total number of surveys performed (link function: logit, error
distribution: binomial) (ii) the diversity of small and medium-
sized scavengers, excluding griffon vultures (link function: iden-
tity, error distribution: normal).

2.3.3. Explanatory variables
Table 1 summarizes all explanatory variables used to model
species relationships. The availability of large or small carcasses

Table 1

at each feeding station was estimated by averaging the weight
(in kg) of fresh carcasses observed during each census. The mean
weight of each species of livestock was determined on the basis
of values obtained from local farmers: horse: 300 kg, cow:
350 kg, donkey: 150 kg, calf: 150 kg, sheep and goat: 35 kg, lamb:
10 kg, wild boar: 60 kg, pig: from 10 to 150 kg, according to the
size of the animal; dog: 25 kg, chicken and rabbit: 1-2 kg, slaugh-
terhouse remains: from 2 to 20 kg.

Physiographic characteristics (slope) were derived from a digi-
tal elevation model (DEM) with a spatial resolution of 100 m. In
the study area slope reflects confidently the degree of humaniza-
tion (villages and infrastructures are concentrated in flat areas;
see Campién (2004)). The abundance of scavengers in the area
was estimated using information on their population sizes and dis-
tributions. We estimated the number of breeding pairs of every
studied species within a radius around each feeding station repre-
senting the area of average movements of birds during foraging
activity (Ceballos and Dondzar, 1988; Dondazar, 1993; authors’
unpublished data). For Egyptian vultures and red kites, we also
considered their numbers at communal roosts within a radius of
15 km and 8 km of the feeding stations, respectively. These figures
correspond to the movements of radio-tracked individuals of both
species (De Pablo, 2004; Gorosti, 2007; authors’ unpublished data).
Because there is no information on the location of breeding territo-
ries of red and black kites we used predictive models of the
probability of presence of foraging birds based on landscape fea-
tures (surface of open areas, proximity to rivers and altitude)
determined by the results of previous studies modelling habitat
selection by these species in the same study area (Campidn,
2004). No information is available on the spatial distribution of
breeding pairs or roost sites of common ravens in the study area.

2.3.4. Model fitting

Models were fitted by using a forward stepwise procedure
(Donazar et al., 1993) that resulted in multivariate models in which
only significant effects (p < 0.05) were retained. Final models were
those explaining the highest percentages of the initial deviance.

3. Results

3.1. Carcass availability and seasonal use of feeding stations by
scavengers

Feeding stations were supplied with more carcasses in winter
than in summer (Fig. 2). Large carcasses (>30kg) dominated

Variables used to explain the abundance of avian scavengers in feeding stations in Northern Spain.

Food supply

Large carcasses
Small carcasses

Structural features

Percentage of large carcasses (items > 30 kg)
Percentage of small carcasses (items < 30 kg)

Slope Indicates topographic irregularity as the number of 20 m contour lines cut by a cross of 1 x 1 km, centred on the feeding station

Populations of scavengers potentially exploiting the feeding station

Colonies GV(20)
Territory EV(8)
Roost EV
Territory BV
Roost RK
Presence RK
Presence BK

Abundance of competitors at feeding stations
Abundance GV

Number of breeding pairs of griffon vultures in a radius of 20 km from feeding stations

Number of breeding territories of Egyptian vultures in a radius of 8 km from feeding stations

Maximum number of Egyptian vultures in summer roost sites in a radius of 15 km from feeding stations
Distance to the nearest breeding pair of bearded vulture (m)

Maximum number of red kites in winter roost sites in a radius of 15 km from feeding station
Probability of presence of breeding red kites during breeding season (summer)?

Probability of presence of breeding black kites during breeding season (summer)?®

Median abundance of griffon vultures present at the feeding station during census

2 On the basis of predictive models of the probability of presence of foraging birds based on landscape features (surface of open areas, proximity to rivers and altitude)
determined by the results of previous studies modelling habitat selection by these species in the same study area (Campi6n, 2004).
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Fig. 2. Seasonal variability in resource availability and scavenger presence in the
studied feeding stations (winter: black, n =15 stations; summer: grey, n=16s.).
The means and standard errors shown were calculated on the basis of median
values for each station. Significant differences between winter and summer are
shown; n.s. = not significant.

(86%) and the relative contribution of large and small items did
not change between seasons. Resident scavengers visited a larger
proportion of feeding stations during winter (griffon vulture and
red kite: 100% vs. 56%; bearded vulture: 26% vs. 12%, and com-
mon raven: 87% vs. 62%). Despite these trends, seasonal differ-
ences in the frequency of surveys with positive contacts and
the median number of individuals were only significant for red
kites and common ravens (Fig. 2). Egyptian vultures and black
kites, both summer visitors, used a similar proportion of feeding
stations (56%).

3.2. Hypothesis 1: large aggregations of the largest and most abundant
scavenger would reduce the abundance of the other, smaller
scavengers and guild diversity

Field data suggested that at huge concentrations of griffon vul-
tures (e.g. more than 200 individuals), small body size scavengers
were almost absent from feeding stations (Fig. 3). This pattern
seemed to be the same in the two sampled seasons. Multivariate
analyses (PCAs) partially supported this idea. In winter, when the
largest abundances of griffon vultures were recorded, we found no
association between this species and the other scavengers (Table 2).
During this season, Factor I of the PCA (37.7% of variance) reflected
that red kites and common ravens were largely associated, while
griffon vultures (Factor II, 24.3% of variance) and bearded vultures
(Factor III, 23.0% of variance) did not show association with any
other species. In summer, however, there was a positive association
between griffon and Egyptian vultures (Factor II, 22.8% of variance).
Small scavengers such as red and black kites and common ravens
were also associated (Factor I, 23.7% of variance) while the bearded
vulture remained as a solitary feeder (Factor III, 16.0% of variance).

After controlling for feeding station and date as random terms,
wintering abundances of red kites at feeding stations were
significantly higher during the afternoon (Fjis4=12.29, p=
0.0006), whereas griffon vultures visited feeding stations mainly
during the morning (F; 206 = 12.16, p =0.0006). This result sup-
ports a negative relationship between both species which is main-
tained through a temporal segregation pattern. The abundances of
medium to small-sized scavengers were not related to the abun-
dance of griffon vultures. However, the overall diversity of the
guild at feeding stations was lower when the number of griffon
vultures increased (winter: Fj 12 =22,26, p<.0001; summer:
F; 8 =43.99, p <.0001, Fig. 4).

3.3. Hypothesis 2: feeding station features may favour their differential
use by some species

No significant models were obtained to explain changes in the
global diversity of small to medium-sized scavengers at feeding
stations. However, the relative presence (frequency of censuses
with presence) of each species was largely explained by physio-
graphic characteristics (slope) (Table 3). Feeding stations placed
in rugged areas received more visits of bearded vultures whereas
common ravens, black kites, griffon and Egyptian vultures used
places located in flat areas. The distribution and abundance of
these scavenger populations also affect the use of feeding stations.
Egyptian and bearded vultures preferentially used feeding stations
placed near their breeding territories and communal roosts, while
griffon vultures more intensively used feeding stations far from
their breeding colonies. During summer (breeding season), red
kites used those sites placed in areas with habitat characteristics
showing high probabilities of being used in foraging activities sig-
nificantly more than other sites (Table 3).

Availability of food resources was also related to the use of feed-
ing stations by scavengers. Larger numbers of small scavengers
such as red kites and common ravens were observed in feeding sta-
tions supplied with small carcasses. Conversely, Egyptian vultures
showed a positive association with the availability of large car-
casses (Table 3). Finally, the relative presence of red kites was
negatively related to the average abundance of griffon vultures at
feeding stations.

4. Discussion

Avian scavengers are charismatic birds that have always held a
prominent place in public consciousness as a result of their close,
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Fig. 3. Abundance of small and medium-sized scavengers in relation to the total number of griffon vultures present at feeding stations in winter and summer.

long-standing relationship with human activities (Houston, 2001)
and the interest they engender in developed societies (Becker
et al., 2004). Nevertheless, despite the time and money invested
by conservation managers and governments, most of the world’s
avian scavengers are undergoing a serious decline (BirdLife, 2004).
The creation of the so-called ‘vulture restaurants’ is a common
feature of many conservation programmes and in Europe now more
than ever supplementary feeding may be the only way of providing
these birds with sufficient food (Dondazar et al., 2009b). Within this
context it is important to make sense of the overall situation and
here we present a number of guidelines as to how these supplemen-
tary feeding stations could be re-designed and managed in order to
guarantee the efficiency of the conservation measures that target
avian scavengers. These birds interact closely and as such should
be treated as a single group and not on a species-by-species basis
(Mills et al., 1993; Soulé et al., 2005; Oro et al., 2009).

4.1. Features of supplementary feeding stations and their use by
scavengers

Our results show that birds react in a great variety of ways to
supplementary feeding stations due to their scattered locations
and the complex effects of factors operating on local scales. We
tried to capture this variation in our analyses by characterizing
the features and other variables associated with management and
the species that use feeding stations (see Section 2 for details). As
a first step, and because it is well-known that prey-size segregation
favours coexistence within carnivorous (Begon et al., 2006) and
scavenger guilds (Houston, 1983; Konig, 1983; but see Margalida,
1997), we aimed to use carcass size as an easily controllable tool
that would allow us to focus on the species of greatest conservation
concern. However, we found that griffon vultures did not prefer
feeding stations supplied with large carcasses, probably because
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Table 2

Loadings of the numbers of individuals of each scavenger species on the first three
principal components extracted from a correlation matrix. Bold numbers indicate
loadings above (below) 0.5 (—0.5).

Component
I 11 11
Winter
% Variance 37.7 243 23.0
% Cumulative 37.7 62.0 85.0
Griffon vulture 393 —.785 452
Bearded vulture —.441 378 .809
Red kite .749 403 —.017
Common raven 772 224 249
Summer
% Variance 23.7 22.8 16.0
% Cumulative 23.7 46.5 63.1
Griffon vulture —.297 617 —.305
Egyptian vulture 125 .859 .059
Bearded vulture —.052 —.067 912
Black kite .660 362 114
Red kite .705 —.200 .065
Common raven 615 —.038 -.302
Winter
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Fig. 4. Diversity of species at feeding stations in relation to the abundance of griffon
vultures present both in winter and summer.

of the sheer size of the griffon vulture population in the study area
(see Section 2) that causes these birds to consume food items that
would otherwise be the exclusive resource of smaller species
(Donazar et al., 2010). The remaining scavenger species are much
scarcer and are not constrained by population size and show clear
preferences for carcasses of different dimensions: Egyptian vultures
preferred feeding stations supplied with large carcasses (see also

Meretsky and Mannan, 1999), whereas red kites and common
ravens relied on much smaller items. Consequently, carcass-size
manipulation may be a valuable tool for directing supplementary
feeding towards species of interest. The extremely dissimilar
sizes of the scavenger populations in the study area, largely
dominated by griffon vultures, would preclude the effective use of
this type of measure there, although this scenario may be more
appropriate in other regions with more balanced scavenger
populations.

The spatial position of the feeding station must also be taken
into account in any attempt to increase the probabilities of use
by breeding threatened species. This is particularly true for
bearded vultures and red Kkites. In our study we found that both
species were more commonly detected at feeding stations in areas
with favourable characteristics for their foraging activities: in the
former this means rugged areas near breeding territories and in
the latter mid-altitude areas with landscape mosaics. The consis-
tency of our results regarding the large-scale patterns of habitat
selection in these species (Donazar et al., 1993; Campi6n, 2004)
suggests that these preferences are not merely the product of a
population response to a new trophic resource, as has been found
on other occasions (Carrete et al., 2007; Benitez et al., 2009).

Finally, we found a preference of some scavengers (i.e., griffon
and Egyptian vultures, black kites, common ravens) for those feed-
ing stations placed in flat intensively humanized areas that may re-
flect the indifference of scavengers towards humans derived from
the increasing respect for these birds enshrined in the legal protec-
tion established in the 1970s (Morillo and Gémez-Campo, 2000).
Nonetheless, different results have been found in other region of
Europe (Gavashelishvili and McGrady, 2006), which suggests that
the response of scavengers to the humanization of the surround-
ings of feeding stations is probably dependent on historical local
factors. Therefore, we encourage the carefully studied of the
humanization tolerance of local populations of focal species before
conservation programmes are enacted.

4.2. Interspecific relationships determine the use of feeding stations

In their original conception, supplementary feeding stations
(‘vulture restaurants’) were devised as a general tool for the con-
servation of scavenger populations, being applicable to a number
of species with differing feeding and life-history strategies (Wilbur
and Jackson, 1983; Houston, 1987; Brown, 1990; Mundy et al.,
1992; Piper, 2006; Carrete et al., 2006; Gilbert et al., 2007; Oro
et al., 2008). Vultures and associated facultative scavengers, how-
ever, are members of guilds composed of strongly interacting spe-
cies (Hertel, 1994). In particular, the larger species’ ability to locate
carcasses is improved by the behaviour of smaller scavengers
(Buckley, 1996; Jackson et al., 2008), while smaller species benefit
from the opening up of carcasses by large vultures (Konig, 1983).
Our results show a negative relationship derived from griffon vul-
ture abundances, demonstrating that the occurrence of the number
of species - and thus guild diversity - is only high when there are
fewer than 100 griffon vultures present, a similar maximum figure
to that found around ungulate carcasses placed experimentally and
unpredictably in the wild (authors’ unpublished). Consequently,
and as has been observed in other interspecific competition
scenarios (Petren and Case, 1996; Kieseecker et al., 2001), large
aggregations of feeding individuals (up to 600 birds) of the domi-
nant griffon vulture do not provide a framework that will satisfy
the requisites of complex interspecific patterns like facilitation
processes. When numbers are lower, however, some associations
suggesting the maintenance of facilitation appear similar to that
observed between griffon and Egyptian vultures (although large
groups of Egyptian vultures only occur when there are fewer than
200 griffons present).
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Table 3
Effects of characteristics of feeding stations on the frequency of positive counts of focal scavengers.
Response variable Winter Summer
Explanatory variable Chi-square P Explanatory variable Chi-square P
Griffon vulture — Slope 55.70 <.0001 — Slope 44.34 <.0001
— Colonies GV(20) 9.60 0.019
Red kite + Small carcasses 6.88 0.0087 + Presence RK 17.70 <.0001
— Abundance GV 4.22 0.0401 + Small carcasses 19.17 <.0001
Common raven + Small carcasses 11.80 <.0001 No model
— Slope 28.02 0.0006
Bearded vulture + Slope 17.45 <.0001
+ Small carcasses 11.77 0.0006
— Territory BV 22.56 0.0001
Egyptian vulture — Slope 66.14 <.0001
+ Large carcasses 5.21 0.0224
+ Roost EV 4.66 0.0309
Black kites — Slope 4.76 0.0291
Only significant models (P < 0.05) are shown. Symbols indicate the type of response (+: linear and positive; —: linear and negative).

When using these feeding stations small and medium-sized
avian scavengers may avoid direct interspecific interaction with
griffon vultures by temporal segregation, as has been seen in other
pairs of species with similar ecological requirements (Cody, 1974;
Carothers and Jaksi¢, 1984; Moril and Boydl, 2004; Begon et al.,
2006; Blazquez et al., 2009). Thus, during winter, when the avail-
ability of alternative prey is low, red kites avoid co-occurring tem-
porally with griffon vultures by using feeding stations in the
afternoon. During this period soaring conditions are unfavourable
for vultures and they return earlier to their breeding or roosting
sites. This finding may provide a basis for a guideline: small scav-
engers may benefit from food supplied when griffon vultures are
less active. Thus, we propose that, given the possible disappear-
ance of facilitatory processes, diversifying the time at which
carrion is left at feeding sites may be an efficient way of avoiding
direct competition.

4.3. Future prospects for management decisions in conservation

In the long term it is desirable that legal dispositions be passed
in order to ensure that carcasses generated by extensive livestock
production (i.e., those that fulfil all mandatory sanitary requisites)
remain in the field. This scenario would recreate the type of carrion
availability that occurred up to quite recently in Mediterranean
landscapes with traditional agricultural/livestock production
(Donazar et al,, 1996a; Margalida et al., 2007; Olea and Mateo-
Tomads, 2009). The reality, however, is that despite the fact that
the restrictive European sanitary legislation that obliges all live-
stock carcasses to be removed from the wild (EU999/2001) has
been complemented by a series of regulations that allow supple-
mentary feeding to be used as a strategy for the conservation of
avian scavengers in southern Europe (EU1774/2002; EU322/
2003; EU830/2005; CE 1069/2009), the implementation of these
policies at the local level is promoting the concentration of car-
casses at just a few sites or ‘vulture restaurants’. It is logical to as-
sume that this situation is not going to change in the short or mid-
term and that feeding stations will remain as a key management
tool for endangered scavengers. Therefore, the management of
supplementary feeding stations must improve, as much from a
sanitary point-of-view (Blanco et al., 2006; Lemus et al., 2008) as
from the technical standpoint of how to effectively resolve in situ
questions that range from the actual site of the feeding station to
the management of the carrion provided.

Our study provides for the first time clear guidelines that will
help managers favour species that do not act independently but
work as part of a guild that exploits similar resources. Modern con-

servation premises encourage not only the conservation of single
species and populations but also of ecological and evolutionary
processes involving complex species interactions (Soulé et al.,
2005). Thus, our findings will help to avoid undesirable conse-
quences deriving from strong interspecific hierarchies that can
lead to the monopolization of resources by dominant species as a
result of its size and degree of sociability and aggressiveness.
Management actions should be directed towards the creation of
a chain of feeding stations supplied sporadically with food, which
would thus avoid the concentration of resources in just a few
places (see also Deygout et al., 2009). Other important aspects to
take into account include: (a) the need to provide small carcasses,
which will benefit the smaller facultative scavengers; (b) the
importance of providing food at times at which the dominant
species, the griffon vulture, is absent; and (c) that the location of
feeding stations be studied carefully in order to maximise the pos-
sibility of use by certain species with clear patterns of habitat
selection. These kinds of recommendations have begun to be used
in the ‘vulture restaurants’ in Spain that have been specifically cre-
ated to aid the region’s endangered vulture populations (Benitez
et al., 2009; Margalida et al., 2009; Moreno-Opo et al., 2010). It is
worth noting that our approach may also be applicable to other
regions of the world and, in particular, to large areas of Africa,
the Middle East and Asia (Green et al., 2004; Shultz et al., 2004;
Thiollay, 2006; Koenig, 2006) where scavenger species are in sharp
decline and where scavenger guilds have similar species composi-
tion and/or structures (gregarious specialists of the genus Gyps and
a broad range of more facultative species, Konig (1983), Hertel
(1994), Hertel and Lehman (1998)).

The management of ‘vulture restaurants’ must be regarded as
part of a dynamic system whose creation and management must
be constantly monitored in order to detect any indications that will
give rise to new strategies and techniques that will be of use in the
future. Through exhaustive field monitoring managers can learn
about the processes occurring at vulture restaurants and thus be
in a position to design new conservation measures in accordance
with any new conditions and constraints that may arise. It is to
be expected that, due to their life strategies, the various species in-
volved will not respond in the same way to management measures,
and also that responses will vary over space and time. In our study
system, the dominant species, the griffon vulture, has enjoyed pop-
ulational growth rates of almost 500% in recent decades (Del Moral
and Marti, 2001) — way above those of other species - that have not
occurred in other areas of Europe (see reviews in Dondzar et al.
(2009a)). Managers must regard the supplementary feeding of
scavengers in ‘vulture restaurants’ as a valuable conservation tool
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in cases in which the maintenance of populations purely on the
basis of natural resources and carcasses derived from extensive
grazing is in jeopardy, and as a management tool that can be aimed
at satisfying specific objectives. In this context and in a dynamic
environmental and legislative scenario, the active adaptive man-
agement of supplementary feeding is essential if we are to learn
about the effectiveness of these conservation decisions (McCarthy
and Possingham, 2007; Possingham et al., 2001).
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