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Abstract Society’s perception of ecosystem services is a

key issue in conservation, particularly for endangered

species providing services linked to human activities.

Misperceptions may lead to wildlife–human conflicts with

the risk of disappearance of the species involved. We

contrasted farmers’ perceptions with highly accurate

quantitative data of an endangered vulture species, which

provide ecosystem services. We combined surveys of 59

farmers with data from 48 GPS-tagged Canarian Egyptian

vultures (Neophron percnopterus majorensis endemic to

the Spanish Canary Islands) to disentangle factors

influencing consistency between farmers’ awareness of

vulture occurrence on their properties and vulture behavior.

Egyptian vultures were perceived as the main providers of

scavenging services and the most beneficial avian

scavenger. Consistency between farmers’ perceptions

(surveys) and vulture use of their farms (GPS data) was

higher in the morning, in older males, and at farms with

lower livestock numbers, located near vulture communal

roosts, and visited more frequently by vultures. Our results

underline the potential influence of modern livestock

husbandry in disconnecting people from ecosystems, and

how appreciation could be even lower for scarce or

threatened ecosystem service providers.
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INTRODUCTION

The importance of maintaining biodiversity to support the

provision of ecosystem services and its relation to human

well-being is broadly recognized (e.g., MA 2005; Dı́az

et al. 2015). Ecosystem services are defined as the benefits

that people obtain from ecosystems (Dı́az et al. 2015) and

include provisioning (e.g., food and water), regulating

(e.g., climate regulation, water purification or disease and

pest control), and cultural services (e.g., recreation,

reflection, cognitive development). Research on ecosystem

services has focused on quantifying biophysical or eco-

nomic value (Martı́n-López et al. 2012; de Oliveira and

Berkes 2014; Martı́n-López and Montes 2015; Sekercioglu

et al. 2016), but increasing attention is being paid to effi-

ciency, the interrelationships with human activities, and the

role played by populations or species delivering the ser-

vice—the so-called ‘‘ecosystem service providers’’ (Kre-

men 2005; MA 2005; Whelan et al. 2008; Luck et al. 2009;

Moleón et al. 2014).

The importance of maintaining ecosystem services from

a socioecological perspective has not been recognized until

very recently (Martı́n-López and Montes 2015; Bennett

et al. 2016). Bearing in mind that humans are a crucial

piece of many ecosystems, the need to avoid the discon-

nection of ecosystems from human societies is acknowl-

edged (Cowling et al. 2008; Olea and Mateo-Tomás 2009;

Martı́n-López and Montes 2015; Bennett et al. 2016).

Consequently, society’s perception of ecosystem services

is a key issue for conservation (Morgan-Brown et al. 2010;

Ban et al. 2013).

Most studies on society’s perception of ecosystem ser-

vices have focused on coarse approximations of their

recognition and relative importance, knowledge of the

concept of ecosystem services, and the personal features
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determining differences in perception between individuals

(Lewan and Söderqvist 2002; Martı́n-López et al. 2012;

Hartter et al. 2014; Muhamad et al. 2014). Less attention

has been devoted to the appreciation of the ecosystem

service providers (ESPs; Pfeiffer et al. 2015). This is not a

trivial issue because a misperception about the role of

organisms interacting with stakeholders may determine the

emergence of wildlife–human conflicts (Everard et al.

2017) with the subsequent risk of disappearance of the

organisms providing such services (Allen 1893).

Obligate (i.e., vultures) and facultative (e.g., corvids,

mammalian carnivores, or raptors) scavengers provide

crucial regulating services through carcass removal, such

as nutrient cycling and disease and pest control (Whelan

et al. 2008; Wilson and Wolkovich 2011; Ogada et al.

2012; Moleón et al. 2014; Morales-Reyes et al. 2015;

Sekercioglu et al. 2016), but they also provide important

cultural services (Whelan et al. 2008; Gangoso et al. 2013).

For these reasons, scavengers have been perceived as

beneficial to humans for millennia (Whelan et al. 2008;

Moleón et al. 2014). Unfortunately, populations of avian

scavengers, and vultures in particular, have diminished

worldwide over the last several decades due to nonnatural

mortality (Koenig 2006; Ogada et al. 2012).

Another very important and widespread factor con-

tributing to population decreases is the loss of traditional

livestock farming practices leading to a diminishing num-

ber of carcasses available for scavengers (Donázar et al.

1996, 2009a; Olea and Mateo-Tomás 2009). This reduction

may be, in turn, accentuated by the dissociation between

farmers and ecosystems with a loss of local ecological

knowledge (i.e., the cumulative body of knowledge, prac-

tices, and beliefs regarding the relationships of living

things to their environment, hereafter, LEK; Dı́az et al.

2015), and a lower appreciation of ecosystem services

provided by scavengers (Morales-Reyes et al. 2018a). This

may hinder conservation efforts against harmful practices

like indirect poisoning with baits aimed to kill predators

and the use of veterinary drugs that are highly toxic to

vultures feeding upon carcasses of medicated animals

(Margalida et al. 2013, 2014).

Here, we investigated whether Canarian Egyptian vul-

tures (Neophron percnopterus majorensis) are acknowl-

edged by local farmers as ESPs. We then assessed whether

farmers are aware of the presence and abundance of vul-

tures foraging on their properties while disentangling fac-

tors influencing these perceptions. For the latter, we took

advantage of two different studies: (1) one about the use of

farms by GPS-tagged vultures and (2) another about the

knowledge of this use by farmers on these farms. The study

was conducted on Fuerteventura, where a population of this

globally endangered species still survives (Birdlife Inter-

national 2017). There, Egyptian vultures rely on traditional

goat farming under a mix of intensive and extensive

regimes (Gangoso et al. 2006). Livestock practices, how-

ever, are progressively intensifying so that small traditional

farms are disappearing while large farms with mechanized

systems are becoming more frequent (Garcı́a-Martı́nez

et al. 2009). Within this scenario, we specifically predict

that the probability of matching farmers’ LEK and foraging

patterns of GPS-tagged vultures would be greater in

(1) older or more experienced farmers, because presumably

both lead to higher LEK (Gómez-Baggethun et al. 2010;

Oteros-Rozas et al. 2013), (2) male compared to female

farmers since it has been found that men are associated

with a higher LEK in Mediterranean Europe (Oteros-Rozas

et al. 2013), (3) larger farms (greater numbers of livestock)

because of a greater availability of carcasses, and (4) farms

and their surroundings that are visited by a greater number

of vultures.

MATERIALS AND METHODS

Study area

The Canary Islands are situated in the northeast Atlantic

Ocean, between 27�370 and 29�250 N, and 13�200 and

18�100 W. Fuerteventura (1659.7 km2) is the most south-

easterly island. The landscape is dominated by grass and

scrublands with an almost total absence of woodland

(Rodrı́guez Delgado et al. 2000). Agricultural land occu-

pies only 16.75% of the territory (Molina 2002) of which

only 0.3% is usually cultivated (Cabildo de Fuerteventura

2007). Farming is based on livestock (goats and, to a lesser

extent, sheep; Gangoso et al. 2006). From 1970 onward,

the number of heads increased from 20 000 to 100 000 in

2013 but has decreased in recent years (Canarian

Government 2017). There were officially 404, 345, and 301

owners of goats and/or sheep in 2013, 2014, and 2015,

respectively. Unlike in other Spanish regions, carcass dis-

posal remains banned in the Canary Islands because of

sanitary regulations imposed by the European Union after

the outbreak of bovine spongiform encephalopathy in 2001

(Donázar et al. 2009b). Officially, remains resulting from

natural death and sacrifices of the oldest animals are reg-

ularly collected by a specialized company and buried in a

garbage dump. Farmers pay an insurance to cover such

carcass-collecting service. However, field observations and

farmers themselves revealed that carcasses are often

abandoned despite the ban (Garcı́a-Alfonso; unpublished

data). However, information on carcass disposal is scarce

because farmers are usually reticent to provide details on

this illegal practice (see ‘‘Results’’ section).

As there are no large scavenger species, such as griffon

vultures, on the island, abandoned carcasses usually last
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several days in the field until total consumption. Moreover,

Egyptian vultures may feed on old small remnants scat-

tered across the disposal sites (authors’ persl. obs.), so their

presence on the farms is not restricted to the day on which

carcasses are disposed.

Study species and basic population monitoring

The Canarian Egyptian vulture is an endemic subspecies

inhabiting the eastern islands of the archipelago, where it is

sedentary. It is a medium-sized vulture (around 2.5 kg)

nesting in cliff cavities of variable size. Breeding pairs are

territorial but large aggregations of birds may be found at

communal roosts and feeding places such as garbage

dumps, artificial feeding stations and livestock farms

(Cramp and Simmons 1980; Donázar 1993, 2004). This

vulture feeds on carcasses of small- and medium-sized

animals that are shared with the other three endemic sub-

species of facultative scavengers: common buzzards (Buteo

buteo insularum), common ravens (Corvus corax

canariensis), and yellow-legged gulls (Larus michahellis

atlantis) (see Garcı́a-Heras et al. 2013). The species sig-

nificantly declined during the twentieth century due to the

incidence of nonnatural mortality—mainly accidents with

power lines and indirect poisoning (Donázar et al. 2002;

Gangoso and Palacios 2002; Gangoso et al. 2009). Cur-

rently, the Canarian Egyptian vulture survives only in

Fuerteventura and Lanzarote with the bulk of the popula-

tion concentrated in the former (Agudo et al. 2010). Similar

negative population trends are found worldwide, and con-

sequently, the species is considered as globally ‘‘endan-

gered’’ (Birdlife International 2017).

Canarian Egyptian vultures have been intensively

monitored since 1998. Territories are regularly visited to

determine population size and breeding success, with 54

breeding pairs found in Fuerteventura and 5 in Lanzarote in

2014. Moreover, known locations often used for communal

roosting at night (mainly power lines, see Donázar et al.

2002) are also regularly monitored. Intensive marking

schemes (metal and plastic rings) have resulted in about

90% of the population being individually identifiable as of

2014.

Vulture capture and tagging

From June 2013 to September 2015, we trapped 46

Canarian Egyptian vultures (22 males and 24 females, ages

of which ranged from fledgling to 14 years old) with

cannon-nets and tagged them with solar-powered GPS

transmitters. This represents 16% of the current population.

Two types of GPS devices were used: 26 individuals were

equipped with UvA-BiTS (Bouten et al. 2013), and 19 with

E-obs devices (GmbH, Munich, Germany). Another

individual successively carried a device of each class. Both

types of devices have multiple onboard sensors providing

geographical coordinates, altitude, speed, and tridimen-

sional movements of each individual according to a defined

time interval. For the first-tagged vultures (n = 22,

Table S1), the time interval between locations varied from

3 s to 20 min due to initial tests of the devices. From 2015

onward, all devices were programmed with time intervals

between 1 and 5 min.

Devices were attached as backpacks using 0.84 and

1.12 cm wide Teflon harnesses. Total system weight was

between 31 g (UvA-BiTS) and 54 g (E-obs), about

1.4–2.4% of the mean body mass, respectively, which is

below the limit recommended by previous studies to avoid

negative effects (3%, Sergio et al. 2015). All procedures

were subject to ethical review and were carried out in

accordance with the approved guidelines set out by the

Bioethics and Animal Welfare Committee (CEEA-EBD-

CSIC). Vulture trapping and marking were approved by the

Canarian Government.

Analyses included a total of 12 432 333 locations of 46

different vultures collected over 914 days between 1st July

2013 and 31st December 2015 (Fig. S1). Mean (± SD)

number of locations per individual was 270 268 (± 351 651).

Number of days with information per individual was 444

(± 364) days (Table S1). We included GPS information from

18 months before to 18 months after the completion of the

surveys, to better capture the general behavior of the vulture

population.

Use of farms by vultures

Since carcasses resulting from the activity of the farms

were not discharged at the farm buildings but rather in their

vicinity, we first calculated the mean dumping distance

from the buildings to the disposal sites. We tried to obtain

such information through phone calls (n = 122, Garcı́a-

Alfonso unpublished data), but only 10 farmers were

willing to reveal where they left the carcasses. We

extrapolated this information (mean distance 286 m, 95%

confidence interval 180–393 m) to all farms surveyed

(‘‘Local ecological knowledge’’ section). We used these

lower and upper confidence limits to establish two buffer

areas around the farm buildings and selected all GPS fixes

within these distances. Accordingly, two sets of analyses

were performed. To determine the presence of vultures

foraging at farms, we selected stationary GPS fixes by

establishing a maximum altitude of 25 m and a maximum

instantaneous speed of 2 m/s (Schlaich et al. 2016; Klaas-

sen et al. 2017). After filtering the dataset, we retained

6 472 416 stationary locations.
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Local ecological knowledge

We conducted 59 face-to-face surveys through question-

naires with farmers in July 2014 (Table S2). The sampling

strategy was systematically divided into three main stages.

First, we randomly selected an initial set of farmers of

extensive livestock farming systems from the Spanish

General Register of Livestock Farms. Second, we acquired

the contact information of farmers from the local sanitary

authorities. Third, we conducted the surveys with farmers

on or near their farms. The sample size was representative

of the total population of farmers in the study area (see

Morales-Reyes et al. 2018a for details and Fig. 1). All

farmers were informed that their participation was

voluntary and anonymous. We used the questionnaire to

collect information regarding two topics: (i) perception of

the capacity of Canarian Egyptian vultures to provide

ecosystem services relative to the other three scavenger

species (buzzards, ravens, and gulls), and (ii) farmers’

awareness of the presence and the number of Canarian

Egyptian vultures in his/her farm or its surroundings.

First, to evaluate the farmers’ perceptions about the

capacity of Egyptian vultures and the other scavengers to

provide ecosystem services, according to Morales-Reyes

et al. (2018a) we used two variables: (1) ESP index average

farmer’s perception of each one of the four avian scavenger

species habitually found at carcasses. We used a five-point

scale from very harmful to very beneficial, asking the

Fig. 1 Spatial information used for studying farmer’s perception of vultures and awareness of their presence in Fuerteventura as contrasted with

information provided by GPS-tagged birds. Surveyed farms: location of farms where the 59 face-to-face surveys were done. Other farms:

location of nonsurveyed farms with goats and/or sheep in Fuerteventura between 2013 and 2015. Predictable feeding sources: location of the

three more predictable places in terms of food for vultures. Capture site: location of the cannon net used for capturing vultures and tagging them

with GPS devices
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respondents to explain their answers (n = 59),

(2) Scavenging services (%) percentage of farmers that

selected each species as a provider of scavenging services

(i.e., carcass consumption) either in the first, second or

third ranking of importance (n = 59).

Secondly, to determine factors influencing the consis-

tency between farmers’ awareness of the Egyptian vulture

presence and GPS data, we used the following information

from the surveys: (1) occurrence of vultures perceived by

farmers on their farms (n = 55), (2) number of goats and

sheep on the farms (n = 55), (3) number of vultures

detected simultaneously by farmers on their farms

(n = 22), and (4) period of the day (i.e., morning, midday,

and/or afternoon) when vultures were observed by farmers

on their farms (n = 21). Farmers’ answers were considered

as a representation of their global experience on farms in

the medium-term instead of specific observations in a

specific period of time (see Table S3 for specific questions

answered).

Statistical analyses

We used the Kruskal–Wallis test (a = 0.05) to identify

differences in farmers’ perceptions of the capacity of avian

species to provide ecosystem services (ESP index), and

Pearson’s v2 test (a = 0.05) to determine differences in the

perception of species as providers of scavenging services in

particular [Scavenging services (%)].

For determining factors influencing consistency between

awareness of vulture occurrence and GPS data, we selected

three response variables: (1) The presence of vultures (Pres-

ence). Awareness was considered consistent (value = 1)

when the response of the farmers matched the GPS data (i.e.,

farmers answered that they detected vultures and there was at

least one GPS location associated with their farms, or that

farmers did not detect vultures and no GPS locations were

associated with their farms); and inconsistent for the other two

possibilities (value = 0). (2) Period of the day with the pres-

ence of vultures (TimeSlots). Awareness was considered

consistent (value = 1) when farmers answered that they

detected the presence of vultures at a certain time of day

(morning, midday, and/or afternoon), and there was at least

one GPS location associated with their farm during this time

period, or that they did not detect vultures and there were no

GPS locations; and inconsistent for the other two possibilities

(value = 0). (3) The number of vultures perceived by the

farmers at their farms (Number). We used the mean value

when the farmer gave a range of numbers of vultures.

The explanatory variables were divided into four groups

(Table 1): (1) four variables representing vulture behavior

(i.e., vulture visits), (2) three associated with farmers,

(3) one associated with time, and (4) eight related to

characteristics of the farms. Before modeling, collinearity

between explanatory variables was tested (Graham 2003).

We never included in the same model pairs of variables

with a correlation coefficient higher than |0.5| (Spearman)

or a p value higher than 0.05 (Mann–Whitney U). All the

variables were included in the modeling procedures except

for the explanatory variable Hour, which was only fitted to

Table 1 Explanatory variables used to analyze farmers’ perceptions

about Canarian Egyptian vultures in Fuerteventura. Four sets of

models were performed using two response variables: Presence and

TimeSlots, calculated according to two radii 180 and 393 m. All

variables where initially included in model performing except Hour

used just in TimeSlots models

Variables Description

Vulture visits

Num daysa Number of days with at least one position of

vultures associated with the farm

Max indvs simulta Maximum number of vultures detected at the

same time in the farm

Max indvs daya Maximum number of different vultures

detected per day in the farm

Max indvs montha Maximum number of different vultures

detected per month in the farm

Farmer

Gender Gender of the surveyed farmer

Age Age of the surveyed farmer (years)

Experience Number of years working as a farmer

Time

Hour Division of the day in morning (sunrise–12:00),

midday (12:00–16:00) and afternoon (16:00–

sunset). Times were selected according to

popular Spanish delimitation of midday

Farm

Goat, Sheepb Number of goats and sheep per farm

Dist Main AFSc Distance to the main artificial feeding station

(center of the island, km)

Index AFSc Index of connectivity to artificial feeding

stations (AFSs) and garbage dump

Index Roostc Index of connectivity to roosting places

Index Terrc Index of connectivity to vultures’ territories

Dist AFS Distance to the nearest artificial feeding stations

(AFSs) or garbage dump (km)

Dist Roost Distance to the nearest roosting place (km)

Dist Terr Distance to the nearest vultures’ territory (km)

a Calculated from GPS tracking of the whole day for the probability

of the presence (Presence) and of each period of the day for the

probability of the presence disaggregated by time slot (TimeSlots)
b Total number of livestock, on the basis of livestock censuses (see

Methods)
c Index of connectivity calculated following the formula of Hanski

(1998): Si = Rj=i exp(- adij)Nj. For distance dij, we used the Eucli-

dean distance in kilometers. Nj was only included for Dist Roost

(mean number of vultures on each roosting place obtained from field

data)
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the response variable TimeSlots. We standardized all

variables (except Gender and Hour) by subtracting the

mean of each variable and dividing the resulting value by

its standard deviation. Since explanatory variables had a

nonnormal distribution, data were analyzed in a general-

ized linear (mixed) model (GLMM) framework (Bolker

et al. 2009). The presence was modeled by means of

generalized linear models (GLMs), with binomial error

distribution and logit link function. For TimeSlots, we used

GLMMs with binomial error distribution and logit link

function, where farmer was included as a random factor to

avoid pseudo replication since the response variable

TimeSlots involved three values per farm (morning, mid-

day, and afternoon). Moreover, the four ‘‘vulture visits’’

variables were calculated for each period of the day.

For each of the two first response variables (i.e., Pres-

ence and TimeSlots), we performed two sets of models

corresponding to values of explanatory variables (‘‘vulture

visits’’) within the two buffers established by lower and

upper limits of the confidence interval of the distances from

carcass disposal sites to the farms (180 and 393 m, see

above), thus implying a total of four sets of models. Models

were fitted with a maximum of four variables simultane-

ously to avoid overparameterization. The number of can-

didate models per set differed because collinearity was

different for each buffer (Tables S4, S5). Model selection

was made on the basis of the Akaike’s information crite-

rion corrected for small samples size (AICc; Sugiura 1978).

We discarded models including uninformative parameters,

i.e., parameters whose 85% confidence interval overlapped

with 0 (Burnham and Anderson 2002; Arnold 2010). In

addition, when top-positioned models were redundant, i.e.,

two or more models included fixed effects with a similar

biological interpretation, only one of them was retained,

e.g., the four variables related to vulture visits or connec-

tivity index variables with corresponding distance variables

(Table 1). Models differing less than two AICc points from

the top-ranked models (i.e., the one with the lowest AICc)

were considered statistically equivalent, and thus model

averaging was applied to deal with model selection

uncertainty (Burnham and Anderson 2002). We tested for

overdispersion and determined the explained deviance in

the selected subsets of models.

We used Spearman’s correlation to test the relationship

between the number of vultures that farmers observed on

their farms (Number) and the four ‘‘vulture visits’’

explanatory variables (Table 1).

We used R statistical software (R Core Team 2016) with

the stats package for GLM and confidence intervals, lme4

(Bates et al. 2015) for the GLMM analysis, AICcmodavg

(Mazerolle 2016) for model ranking and MuMIn for model

averaging and for calculating overdispersion and explained

deviance in GLMMs (Barton 2016).

RESULTS

Farmers perceived Egyptian vultures as the most beneficial

avian scavengers, followed by common buzzards, yellow-

legged gulls, and common ravens (Kruskal–Wallis test,

v2 = 125.7, p\ 0.001; Fig. 2a). Reasons given by farmers

for considering Egyptian vultures as beneficial (n = 56)

were: vultures are scavengers (n = 48), vultures do not

produce damage (n = 2), vultures are necessary (n = 1),

vultures are predators (n = 1), and no reason (n = 5).

Moreover, Egyptian vultures were significantly perceived

as the main providers of scavenging services followed by

common ravens (Pearson’s v2 test, v2 = 117.6, p\ 0.001;

Fig. 2b).

Surveys (see ‘‘Local ecological knowledge’’ section)

revealed an average number of 119 (range 2–425) livestock

casualties per farm and year, with larger farms showing a

higher number of deaths (Spearman’s q = 0.49, p\ 0.01,

Fig. 2 Perception of capacity of scavenger species to provide

scavenging services. a Farmers’ perceptions of scavengers as

ecosystem services providers (ESP index) by species. Bars and

whiskers indicate the mean value of ESP index ± SD. b Percentage

of farmers that perceived the provision of scavenging services

[Scavenging services (%)] by species. The different grade of colors in

b show whether these species were ranked first (darkest color), second

(middle) or third (lightest) as providers. (Species drawings: � Juan

Varela, from left to right: Neophron percnopterus majorensis, Buteo

buteo insularum, Corvus corax canariensis, and Larus michahellis

atlantis)
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n = 50). Farmers indicated whether they abandoned the

carcasses always (n = 4), sometimes (n = 29), or never

(n = 25). Some farmers also revealed that large farms

benefited more from the official carcass-collecting service,

to the extent that some owners of small farms indicated that

they do not receive this service at all.

Overall, about 60% of farmers’ perceptions about the

visits of vultures on their farms were consistent with GPS

data (Table 2). In 40% of the surveys, there was consis-

tency between the presence of GPS-tagged vultures on the

farms and positive answers by farmers regarding the

occurrence of vultures (Table 2). On the contrary, between

35 and 42% of them (depending on the radius considered)

did not perceive the presence of the birds even though the

GPS-tagged vultures certainly visited their farms. Absen-

ces of GPS data were always consistent with the farmer’s

perception of absence (i.e., no farmers indicated that vul-

tures were visiting their farm when no GPS-tagged vultures

made visits).

Concerning the consistency of the presence of vultures

(Presence), we obtained similar evidence at both spatial

scales (180 and 393 m): there were both an effect of gender

of the farmer and the number of days with visits of vultures

(Table S4). Thus, the probability of this consistency was

higher for males and for those farms visited more fre-

quently by GPS-tagged vultures (Table 3). Two additional

variables were influential at the smallest radius (Table S4):

farmers’ awareness was more consistent with GPS data for

those farms with a smaller number of livestock and located

near communal roosts used by vultures at night (Table 3;

Fig. 3). The percentage of explained deviance was 20.3 and

11.2% for 180 and 390 m radii, respectively.

The consistency in awareness in relation to the period of

the vulture visits (TimeSlots) decreased from morning to

afternoon with the number of livestock at farms and with

the distance to communal roosts (Tables 4, S5). Moreover,

at 180 m radius, farmers’ responses were more consistent

with GPS data for those farms receiving visits of more

vultures, while at the 393 m radius we found an additional

positive relationship with the age of the farmer (Table 4,

Table S5). The percentage of explained deviance was 41.8

and 35.0% for 180 and 390 m radii, respectively.

Regarding the number of vultures detected by the

farmers (Number), we did not find significant relationships

with the four variables measuring ‘‘vulture visits’’ (Spear-

man’s q between - 0.04 and 0.15; p[ 0.06 in all the

cases).

DISCUSSION

To our knowledge, this is the first study comparing stake-

holder awareness of the presence and abundance of ESPs

with highly accurate quantitative field data measuring the

spatial distribution of these providers. Since our results

revealed that farmers largely perceived the Egyptian vul-

ture as beneficial due to their scavenging habits, this

approach helps us understand how stakeholders directly

perceive the potential benefit they obtain from the service

suppliers. Our findings showed that farmers, who did not

receive vulture visits at their farms, never detected their

presence, but half of the farmers receiving visits of vultures

did not notice them, which could lead to an underestima-

tion of actual services. Some increase in misperceptions

when vultures visited the farms was apparent when the

buffer of observations around the farm increased (Table 2),

which is consistent with a less precise perception of those

Table 2 Farmers’ perceptions in relation to the presence in the farm

of GPS-tagged Egyptian vultures. Values represent percentage of

farmers’ answers (n = 55) at two different buffer radii

Perception Presence of vultures Radius (m)

180 393

Yes Yes 40 40

Yes No 0 0

No Yes 34.5 41.8

No No 25.5 18.2

Table 3 Estimates and standard errors (SEs) resulting from model

averaging of selected models of Presence for two radii around the

farm. See Table 1 for a full description of each explanatory variable.

85% Confidence intervals of the estimates are also shown (7.5 and

92.5% limits). Relative importance (RI) of each variable calculated as

sum of the Akaike weights over all of the models in which the term

appears. The reference level for factor Gender is ‘Male’

Variables Estimates SE 7.5% 92.5% RI

Radius 180 m

(Intercept) 2.665 0.931 1.329 4.027

Goat Sheep - 0.001 0.001 - 0.002 0.000 1

Dist Roost - 0.341 0.166 - 0.584 - 0.100 1

Num days 0.007 0.008 0.000 0.023 0.619

Gender 0.619

Gender Female - 1.480 1.557 - 4.318 - 0.466

Radius 393 m

(Intercept) 0.007 0.337 - 0.480 0.493

Num days 0.012 0.005 0.005 0.021

Gender Female - 2.558 1.386 - 4.938 - 0.801
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birds moving outside the activity zone and sight of the

farmers.

Since GPS-tagged vultures are only a fraction (15%) of

total vultures inhabiting the island, it could be argued that

we obtained only a partial view of the probability of the

presence of vultures on the farms. Thus, some farms visited

by Egyptian vultures would appear in our analyses as

nonvisited, leading to an increase of false absences. Nev-

ertheless, all farmers detecting vultures at their farms

received visits of GPS-tagged individuals, which indicates

that we achieved a representative sample for the purposes

of this study. Additionally, it should be taken into account

that we used GPS data recorded in the same period of the

surveys to accumulate medium-term data on the occurrence

of vultures on the farms. Thus, temporal biases were

minimized.

The fact that the vast majority of farmers perceived

vultures as highly beneficial and acknowledged their

scavenging services is probably due to the persistence in

the study area of traditional extensive livestock farming

systems (see Morales-Reyes et al. 2018a). In fact,

Fuerteventura, along with other oceanic islands, is one of

the few places in the world where vultures and human

activities are still deeply connected and where cultural

ecosystem services associated with the charismatic Egyp-

tian vultures still survive (Gangoso et al. 2006, 2013).

However, misperceptions among farmers receiving vulture

visits suggest that the actual benefits received at their

holdings are somewhat undervalued. Thus, acquiring

informed knowledge on the factors affecting awareness

accuracy may be the key to understanding the social

dimension of vulture conservation.

The highest consistency between GPS data and farmer

awareness of the vulture presence was found in older men,

a finding that is likely related to historical and cultural

factors. Although we only examined a very specific aspect

of LEK, this result would agree with recent studies con-

ducted in rural areas of Spain, that found that men have a

higher traditional ecological knowledge than women, and

that LEK increases with age (Gómez-Baggethun et al.

2010; Oteros-Rozas et al. 2013). Other studies, however,

depicted different scenarios in which women and younger

people perceived regulating services (e.g., those provided

by vultures through the removal of carcasses) as more

important, with provisioning services perceived as more

important by men and older people (Martı́n-López et al.

2012; Briceño et al. 2016). In this sense, it has been shown

that regulating services are perceived to a lesser degree

than provisioning services, which are more directly

detected since they are more readily observable (MA 2005;

de Oliveira and Berkes 2014; Muhamad et al. 2014). The

apparent contradiction between our results and those of the

Fig. 3 Effects of farm size (number of goats and sheep: Goat Sheep) and distance to the nearest communal roost (Dist Roost) on the probability

of consistency between data of GPS-tagged vultures and farmers’ awareness of the presence of Egyptian vultures (Presence) in their farms. We

considered 180 m around the farm as the buffer to determine the presence of GPS-tagged vultures
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previous research regarding older males perceiving a reg-

ulating service, such as carcass removal, more accurately

may result from the fact that vultures are easily observable,

unlike most regulating services that are intangible (e.g., air

purification or climate regulation), and thus they are as

detectable by people as a provisioning service (Martı́n-

López et al. 2012). Moreover, the effect of age could be

related to the high abundance of Egyptian vultures in the

past (Donázar et al. 2002), and thus older people would be

much more familiar with the species and its detection. In

the same way, it is also possible that female farmers were

less common in the past due to cultural reasons and that

this has affected our results. Finally, it cannot be discarded

that age and/or sex asymmetries in the time spent by

owners on farms may have influenced our results, but

unfortunately these data were not available.

As would be expected, farmer awareness about the

presence of vultures was more consistent with data from

GPS-tracked birds when they frequently visited the farm.

Thus, a major presence of vultures, either on the farm or in

its surroundings, clearly increases the concordance

between farmer perceptions and GPS data. Therefore,

adjustment of perception of an ecosystem service to data

obtained from GPS-tagged birds seems to depend on the

frequency of the service as well as the number of providers.

In the same way, locations of the farms regarding the

distribution of vultures over the island influenced farmers’

perceptions. Perception was more consistent with GPS data

when farms were closer to roosting places, increasing the

probability of observing vultures in the surroundings of the

farms. Consequently, more contact with vultures, even

outside the farms, could imply a greater knowledge and

ease of recognition of the species (Roque De Pinho et al.

2014), motivating a major predisposition to recognizing the

vulture presence on farms.

More attention should be paid to the negative rela-

tionship between farm size and the probability of consis-

tent perception. This result may seem counterintuitive

considering our initial prediction of increasing ‘‘consis-

tency’’ because more livestock should imply more car-

casses and, consequently, a higher frequency of visits of

vultures (Mateo-Tomás and Olea 2010). However, it can

be argued that the sanitary regulations imposed by the

European Union after the outbreak of bovine spongiform

encephalopathy in 2001 may play a role in our results

(Donázar et al. 2009b; Margalida et al. 2010; Moleón

et al. 2014). Despite the fact that the abandonment of

livestock carcasses is still banned in Fuerteventura, some

owners of small farms indicated that they rarely or never

received carcass collection services. Therefore, the avail-

ability of carcasses can certainly be lower on large farms

where illegal dumping of large amounts of carrion can be

problematic (Garcı́a-Alfonso unpublished data). Nonethe-

less, this only partially explains our results because the

GPS-tagged vultures still visited large farms without

detection by the farmers. Owners of large farms often hire

help from outside the family (Navarro-Rı́os et al. 2011)

and probably spend less time in outdoor activities (in-

cluding the disposal of carcasses and other livestock

remains), which would be carried out by employees. Thus,

although some carcasses and remains are probably still

abandoned to vultures on large farms, their presence

would not be known by the owners. In agreement with

this, previous studies have reported that farmers with

smaller livestock numbers had a more positive perception

of the ecosystem services provided by scavengers (Mo-

rales-Reyes et al. 2018a).

Finally, the finding that farmers had an awareness more

consistent with GPS data during the morning than during

the afternoon may be a reflection of their daily duties, i.e.,

milking and feeding activities, which are carried out in

early hours, while vulture behavior was monitored

throughout the day. This suggests that local people per-

ceive the environment at different times compared to sci-

entific studies performed collecting information throughout

the day (see Knapp et al. 2013; Morales-Reyes et al.

2018b).

Table 4 Estimates and standard errors (SEs) resulting from model

averaging of selected models of TimeSlots for two radiuses around

the farm. See Table 1 for a full description of each explanatory

variable. 85% Confidence intervals of the estimates are also shown

(7.5 and 92.5%). Relative importance (RI) of each variable calculated

as sum of the Akaike weights over all of the models in which the term

appears. The reference level for factor Hour is ‘morning’

Variables Estimates SE 7.5% 92.5% RI

Radius 180 m

(Intercept) 0.386 0.544 - 0.407 1.180

Goat Sheep - 0.206 0.374 - 1.225 - 0.124 0.305

Max indvs day 0.344 0.490 0.070 1.433 0.457

Dist Roost - 0.211 0.380 - 1.239 - 0.144 0.305

Hour 1

Hour midday 0.702 0.741 - 0.378 1.783

Hour afternoon - 1.170 0.749 - 2.263 - 0.076

Radius 393 m

(Intercept) 0.861 0.569 0.031 1.691

Age 0.154 0.302 0.006 1.017 0.301

Goat Sheep - 0.471 0.475 - 1.314 - 0.174 0.632

Dist Roost - 0.379 0.417 - 1.152 - 0.048 0.632

Hour 1

Hour midday 0.268 0.734 - 0.803 1.339

Hour afternoon - 1.708 0.795 - 2.869 - 0.548
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CONCLUSION

Because humans are part of ecosystems (Cowling et al.

2008; Olea and Mateo-Tomás 2009), the dissociation

between nature and human society may lead to the loss of

ecosystem services. Here, we show that LEK of older

farmers working on small farms was more consistent with

GPS data in relation to the ecosystem services provided by

vultures on their property. LEK is important to balance

resource use with conservation and manage natural

resources sustainably (Eshuis and Stuiver 2005; Knapp

et al. 2013). In the Mediterranean area, farmers’ LEK and a

greater appreciation of ecosystem services is clearly

derived from the maintenance of traditional livestock

farming practices, such as transhumance (e.g., Oteros-

Rozas et al. 2013; Morales-Reyes et al. 2018a), but these

practices are disappearing in many regions of the world due

to industrialization and globalization. They persist in rural

areas but are likely to continue declining (Gómez-Bag-

gethun et al. 2010). In agreement with previous studies in

different contexts (Turner and Turner 2008; Gómez-Bag-

gethun et al. 2010; Kai et al. 2014) but contrary to a recent

study on farmers’ LEK (Morales-Reyes et al. 2018b), our

results indicate the deterioration or loss of LEK, apparently

associated with the increased farm size and mechanization

resulting from the intensification of livestock practices,

which is occurring across Europe (Garcı́a-Martı́nez et al.

2009). Thus, even if the service providers continue to

supply the service, the farmers no longer perceive it as

such.

Our results add a new dimension to previous studies

claiming the importance of traditional livestock farming

practices in the conservation of scavengers (Liberatori and

Penteriani 2001; Olea and Mateo-Tomás 2009; Mateo-

Tomás and Olea 2010; Morales-Reyes et al. 2018a) and

provide evidence of the importance of management of

livestock and associated practices from both the farmer and

policymaker perspectives.

Our study also shows that the stakeholders’ perception

of the ecosystem services provided is dependent on the

spatial distribution of the population of the providing

species, as well as its abundance. A higher frequency of

visits and greater proximity to dense population nuclei,

such as the communal roosts, where most of the island’s

population of vultures is concentrated (see Donázar et al.

2002), implied a greater probability of consistency between

farmer awareness and data from GPS-tagged vultures. To

assess the individual knowledge of stakeholders, it is

therefore necessary to incorporate accurate information

about the distribution and abundance of the species as well

as on the movement of individuals. This result not only

presents interesting perspectives to explain why there are

strong local asymmetries among stakeholders’ perceptions

receiving apparently similar ecosystem services (Morales-

Reyes et al. 2018a), but could have other important

implications. Despite perceiving vultures as beneficial due

to their scavenging behavior, half of the farmers were not

aware of receiving the service, and thus a decline in animal

populations, along with a disconnection from nature pre-

sumably resulting from the loss of traditional practices,

could change perceptions in the long-term toward a mis-

perception of their benefits.

In summary, our findings indicate that studies aimed at

understanding how the local community perceives ani-

mals operating as ESPs should include multiple dimen-

sions. While personal features of stakeholders, such as

gender or age, are widely recognized as important aspects,

other sociocultural factors associated with changes in

traditional practices and the resulting loss of LEK are less

understood. Our study highlights the potential role of

modern livestock husbandry in disconnecting people from

the benefits provided by wild animals, and how all of

these aspects act in concert with the distribution, abun-

dance, and frequency of the ESP itself, such that the

service may be even more underappreciated for scarce or

threatened organisms.
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José A. Sánchez-Zapata is a Professor at the Miguel Hernández

University. His research interests include biodiversity, conservation

Biology, and ecology and evolution.

Address: Department of Applied Biology, Miguel Hernández

University, Avda. de la Universidad, s/n, 03202 Elche, Spain.

e-mail: toni.sanchezzapata@gmail.com

David Serrano is a Tenured Scientist at the Doñana Biological
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