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ARTICLE INFO ABSTRACT

Human persecution is a worldwide threat to raptors, contributing to the decline of many species. Perceived or
real predation of domestic animals is the main driver of persecution and a barrier to the success of conservation
initiatives. Predictive risk models are used to identify hazards in order to target effective prevention actions, and
they have been successfully applied to conflicts with top predators. The Andean temperate region of Chile is a
Global Biodiversity Hotspot where diurnal raptors co-inhabit with humans in rural areas. Here, complaints from
farmers on raptor attacks on poultry have steadily increased; however, there is no empirical information about
the conflict. This study aims to build a predictive social-ecological risk model to identify husbandry practices and
landscape attributes associated with poultry predation by diurnal raptors in Chile. We applied 100 ques-
tionnaires to local farmers about their poultry husbandry practices and raptor predation patterns. We used data
from questionnaires and landscape attributes to generate risk models of poultry predation. We show that farmers
maintaining an enclosure to keep the chickens, a guard dog and a high proportion of forest in their properties can
reduce the risk of raptor predation. These findings can be used to prevent raptor attacks on poultry by facilitating
the implementation of these management measures in southern Chile. Our results indicate that predictive models
can help in identifying effective coexistence measures for human-raptor conflicts benefiting human livelihoods
as well as conservation of wild predators.
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1. Introduction

Anthropogenic expansion and encroachment in rural areas have
increased human-wildlife competition for space and food resources,
producing serious threats to wildlife conservation worldwide (Marshall
et al., 2007; Treves et al., 2009). A common case of competition is when
wildlife with carnivorous feeding habits prey upon domestic animals in
rural socio-ecosystems. Diurnal raptors can have a broad trophic niche
as they consume a wide variety of prey species (Navarro-Lopez and
Fargallo, 2015) by developing dietary and behavioural shifts
(Margalida et al., 2014). On occasions, raptors feed on small livestock
(e.g. poultry), and thus farmers consider them a factor increasing eco-
nomic loss. Chickens (Gallus gallus domesticus), turkeys (Meleagris gal-
lopavo) and domestic ducks (Anas platyrhynchos domesticus), for ex-
ample, are vulnerable to raptor attacks because they are conspicuous,

unwary and they frequently stay in groups (Washburn, 2016). Due to
these losses, many local communities act against raptor conservation
initiatives and use lethal control measures against raptors (Redpath
et al., 2004).

Although exploring these human-raptor interactions from an eco-
logical perspective is necessary, it is not sufficient for acquiring a broad
understanding of coupled social-ecological systems, especially in rural
socio-ecosystems (Marshall et al., 2007; Naughton-Treves and Treves,
2005). Predictive risk models are a multidimensional approach that
simultaneously explores both social and ecological aspects of human-
wildlife competition (Holmern and Rgskaft, 2014; Restrepo-Cardona
et al., 2019). To build a predictive risk model, information on kill sites
and sites without livestock or poultry loss is needed, along with mea-
surements of spatial, ecological and livestock husbandry practices
(Miller, 2015). Predictive risk models, including spatial risk
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Table 1
Husbandry and landscape covariates used to evaluate their associations with predation by diurnal raptors on poultry in the Andean temperate forests of southern
Chile.
Variable Type of data  Description Source Abbreviation
Poultry husbandry practices Continuous Number of chickens in the production system Questionnaire a_load
Animal load
Enclosure Binary Use of overhead netting, criss-crossed strings or wires to protect the Questionnaire exc
pen. It can be total or partial.
Supervision Binary Birds managed under controlled and supervised conditions. Questionnaire sup
Deterrent Binary Use of light reflecting objects (mirrors, CDs, glass bottles) or scaring Questionnaire det
devices (flags, scarecrows, human presence).
Guard dog Binary Presence of dogs that protects the avian stock. Questionnaire g_dog
Landscape attributes Continuous Proportion of area covered by dense and semi-dense forest (native, Field observation / for 50
Forest proportion (r = 50 m/r = 1115 m) mixed and plantation) and arborescent scrubland (%). INE" for 1115
Number of houses (r = 1115 m) Continuous Number of houses inside the buffer zone INE n_hous
Road density (r = 1115 m) Continuous Length of road per hectare (m?/ha) INE road_d

2 Statistic National Institute (Instituto Nacional de Estadistica).

assessments, have been successfully used to propose guidelines to pre-
vent carnivore attacks on livestock in high risk areas (Kissling et al.,
2009; Treves et al., 2011), via advising policymakers and farmers about
management of both their land and domestic animals (Miller, 2015).

Human-predator conflicts occur worldwide and different meth-
odologies have been used to identify the most effective husbandry and
landscape management measures. A suite of studies has reported that
landscape attributes, such as vegetation cover, topography and proxi-
mity variables, as well as animal husbandry practices are the most in-
fluential predictors in predation risk models (Margalida et al., 2014;
Parrott, 2015). For instance, Kissling et al. (2009) studied the risk
predation of puma (Puma concolor) upon livestock among different
management scenarios in Patagonia and found that livestock rotation
may help to reduce the probability of exposure to pumas. Likewise,
Holmern and Rgskaft (2014) concluded that large poultry flock sizes
and increasing distance to protected areas increased the probability of
claiming losses to predators, including raptors, in Tanzania.

Domestic dogs (Canis lupus familiaris) are mentioned in a number of
studies as effective livestock guardians (Gehring et al., 2010; Rodriguez
et al., 2019). When dogs are properly trained, they can protect domestic
animals against a variety of predators (Gonzalez et al., 2012). Even
though they do not eliminate all predation losses, dogs can significantly
reduce them and are economically effective (Andelt and Hopper, 2000).
For example, Nyirenda et al. (2017) mention that dogs are used by
farmers in Zambia to protect poultry from raptors with positive results.
The effectiveness of guard dogs has been reported for terrestrial pre-
dator attacks, but it is necessary to assess whether they are effective
against raptor predation of domestic animals. Other husbandry man-
agements such as keeping poultry in a protected enclosure with over-
head netting (Kenward, 1999), human supervision and use of deterrents
(e.g. scary devices, chemical, auditory) can also serve as preventive
actions for predatory attacks (Margalida et al., 2014; Parrott, 2015).
From a landscape management perspective, increasing forest cover has
been associated with an absence of chicken predation because a higher
presence of trees around the premises can reduce the visibility of
chicken by predatory birds (Restrepo-Cardona et al., 2019; Nyirenda
et al., 2017).

Andean temperate forests are part of the South-Central Chile
Biodiversity Hotspot based on criteria of high species endemism and
degree of threat (Myers et al., 2000). This area is facing high rates of
deforestation associated with intensive agriculture, replacement of na-
tive stands by exotic-tree plantations, urban development and resource
exploitation (Echeverria et al., 2006). These processes have affected
wild prey availability for raptors, and predation of poultry by raptors
has been associated with low abundance of wild prey and land-use
change (Palma et al., 2006). Ten of the twenty species of diurnal raptors
present in Chile inhabit this biodiversity hotspot (Trejo et al., 2006).
The Chilean Hawk (Accipiter chilensis), White-throated Hawk (Buteo

albigula) and Rufous-tailed Hawk (Buteo ventralis) are in the maximum
priority conservation category (Pincheira-Ulbrich et al., 2008) because,
as forest specialist (i.e. species that depend on forests to breed and
feed), they are severely affected by deforestation (Trejo et al., 2006).
Conversely, Chimango Caracara (Milvago chimango) and Harris's Hawk
(Parabuteo unicinctus) are suspected to be benefited from humanized
landscapes because they are able to adapt to different prey and habitats,
remaining stable and numerous (Jaksic et al., 2001), even though the
Harris's Hawk is presumably persecuted by farmers due to poultry
predation (Pavez, 2004). Other diurnal raptors species present in the
area are the Variable Hawk (Geranoaetus polyosoma), Southern-crested
Caracara (Caracara plancus), Peregrine Falcon (Falco peregrinus) and
American Kestrel (Falco sparverius).

In Chile, the number of studies addressing human-wildlife conflicts
has increased significantly in the last 20 years (Bonacic et al., 2016;
Rodriguez et al., 2019). Most of these studies refer to livestock preda-
tion by ground carnivores (e.g. Ohrens et al., 2019; Rodriguez et al.,
2019). Human-raptor conflicts, however, have been poorly studied, and
there is no information of the extent of these conflicts in rural socio-
ecosystems of southern Chile. To fill this knowledge gap, predictive
models for predation risk assessment stand as a promising tool for ha-
zard identification and prevention of predatory attacks upon domestic
animals.

Here we evaluate poultry systems in rural socio-ecosystems in the
Andes of southern Chile and the farmers' perceived factorial conditions
for occurrence of predation upon poultry. Specifically, we analysed and
built a predictive risk model to examine the association between hus-
bandry practices and landscape attributes with raptor predation upon
chickens. We predicted that predation is reduced by two husbandry
practices, including the use of a chicken enclosure to exclude raptors
from the pen and presence of guard dog(s) and two landscapes attri-
butes, including relatively high proportion of forest and high road
density (see variable description in Table 1). Our predicted model is an
important contribution to identify the possible effects of different non-
lethal prevention actions to reduce human-raptor conflicts and promote
management strategies that advocate for the protection of raptor po-
pulations in coexistence with human rural livelihoods.

2. Methods
2.1. Study area and sampling design

We conducted the study within the Villarrica watershed (39°S 71°W)
located in the Districts of Pucén and Curarrehue in the La Araucania
Region of southern Chile (Fig. 1). This watershed is representative of
Andean temperate forest landscapes, which are dominated mainly by
deciduous trees of the Nothofagus genus at lower altitudes (Ibarra et al.,
2014). We surveyed households within an elevation range from 230 to
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Fig. 1. Study area within the Villarrica watershed (39°S 71°W) in southern Chile to gather data on predictors for diurnal raptor predation on poultry.

950 m.a.s.l. in a mountainous topography. We randomly chose 11 dif-
ferent localities to apply a structured questionnaire to poultry farmers
that were selected through a non-probabilistic purposive sampling ap-
proach (Robinson, 2013). We selected participants who owned a
poultry system, regardless of whether they were affected by raptor at-
tacks. The areas surveyed were characterised by a variety of habitat
conditions from rural settlements with fragmented forests to zones
surrounded by continuous native forests (Vergara and Ibarra, 2019).

We calculated the sample size needed considering an alpha level
a = 0.1 and a t-value = 1.65 as desired level of precision. Based on
recommendations provided by Bartlett et al. (2001), this calculation
estimated a sample size of 83 households. To take a conservative ap-
proach, we decided to survey 100 households. From that total, we
surveyed a mean of 9.1 farmers per locality (Standard Deviation
SD = 1.8). A sampling unit was defined as the area where the farmers
kept their chickens (including the chicken enclosure, when present)
within a buffer of 0.8 ha (radius = 50 m) to cover the habitats com-
prising the chickens' immediate surroundings. We collected both hus-
bandry and landscape data at each sampling unit. We included a second
buffer of approximately 390 ha (radius = 1115 m) to measure land-
scape attributes in the habitat circumscribing the first buffer. We chose
these two areas because they corresponded to the smallest and largest
home range reported for the Harris's Hawk (Gerstell and Bednarz,
1999), which is a widespread raptor species in the area (Trejo et al.,
2006) and one of the few with a known home range.

2.2. Data collection

This project was approved by the University of Bristol research
ethics committee (Ref 85,383). We conducted the field study during the
fall and winter seasons of 2019. We tested the questionnaire before the
sampling stage through a pilot study in which we applied the survey to
five farmers to identify potential deficiencies in the instrument. Before

implementing the survey, we explained the objectives and content of
the questionnaire to respondents and we asked for their individual, free,
prior and educated consent. For the selection of husbandry practices
and landscape variables, hereby covariates, we based our criteria on
information available on the ecology of raptors in the study area (Trejo
et al., 2006) and on previous published studies on raptor predation risk
modelling (Table 1; Restrepo-Cardona et al., 2019; Holmern and
Raskaft, 2014).

Extensive or semi-intensive family poultry describe small-scale
production systems with no more than 200 birds managed for self-
consumption or local sale (FAO, 2001). These systems are common in
rural areas of southern Chile, where they are essential in local liveli-
hoods and make significant contributions to animal welfare conditions,
food sovereignty and nutritional quality (Sossidou et al., 2011).
Through the questionnaire we inquired about husbandry practices
(animal load, access to open field, implementation of preventive actions
to mitigate predation, among others). Preventive actions mentioned in
the questionnaire (Table 1) included use of an enclosure system, su-
pervision, deterrents and guard dogs (dogs that show a protective be-
haviour towards the chickens). We also asked the farmers to describe
the predation patterns within their system (presence/absence of pre-
dation upon chickens, number of chickens killed in the last year, tem-
porality of the attacks and whether there was preference of the raptor
towards a type of chicken). Farmers who reported no losses by preda-
tion within the last year were consider ‘absence’ data. Furthermore, we
showed farmers pictures of the raptor species present in the area and
asked them to identify, if known, the raptor(s) that preyed upon their
chickens. To check the consistency of our findings we used a participant
triangulation approach by cross-checking the information given in 40%
of the households (n = 40). For this, we applied the questionnaire se-
parately to one or two other family members of the same household
who also regularly engaged in poultry management activities (Newing,
2011).
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We obtained landscape covariates including road density, number of
houses and forest proportion at the 390-ha buffer from open access
layers available on the Statistics National Institute (INE) website. Forest
proportion at 0.8 ha was assessed in the field by measuring the pro-
jected crown cover in the stand as percentage of the total surface (FAO,
2001). We thereafter corroborated this estimation by using Google
Earth satellite imagery (CNES/Airbus) from 2019, with a resolution of
1280 x 720 and a pixel size of 0.5 m. Forest proportion refers to the
percentage of area covered by dense and semi-dense native forest and
arborescent scrubland. We used this method because data from open
access layers was not as precise as required to calculate forest propor-
tion in such a small area.

2.3. Modelling predation probability and generating risk maps

We used the Ime4 package (Bates et al., 2011) in R studio 1.1.453
for statistical analysis. Presence/absence data from the questionnaires
and covariates were analysed through a mixed-effect logistic regression
fitted by maximum likelihood to establish the probability of attack
following Holmern and Rgskaft (2014). We used mixed-effect regres-
sion models to take into consideration the potential spatial auto-
correlation of the households, which is why we established the location
variable as a random effect (Holmern and Rgskaft, 2014). Because we
had a relatively high number of covariates, we evaluated the associa-
tions between covariates to identify strongly correlated variables and
avoid including them both into the model (Yu and Liu, 2003). We
identified strong relations of binary variables using Phi coefficient
building 2 X 2 contingency tables and we assessed collinearity of
continuous variables through a Pearson correlation (where strong cor-
relations where given by r; > 0,7; p < 0,05) (Schober et al., 2018).

To select the predictors, we screened each covariate in simple re-
gressions to identify significant individual predictors. Subsequently, we
combined husbandry and landscape predictors in a way that we con-
sidered all covariates tested in the simple models. We tested a total of
18 models, including simple and multiple models. Overall, we included
six covariates: four husbandry practices (enclosure, supervision, de-
terrent, guard dog) and two landscape attributes (forest proportion at
0.8 ha and road density) (Table 2). We used Akaike's Information Cri-
terion (AIC) to select the best fit and quality model. From the set of
confidence models, we selected those with AAIC < 2 for model aver-
aging to address model uncertainty (Burnham and Anderson, 2002). We
used significant covariates (p < 0.05) to propose the preventive
management measures to reduce the risk of predation because of their
association with the absence of predation.

With QGIS® 3.4 software, we projected into maps the predictive
probabilities from model-averaged coefficients using the multilevel B-
spline interpolation from SAGA (System for Automated Geoscientific
Analyses) described by Lee et al. (1997). We created two maps to
compare the predictive probabilities with and without the management
measures implemented by farmers.

3. Results
3.1. Poultry systems

The mean number of chickens per property was 35.49 (standard
deviation, SD = 30.67), ranging from 1 to 250, although bird load did
not exceeded 100 in 98% of the cases. Fifty percent of surveyed farmers
also kept other types of poultry, including Muscovy duck (Cairina mo-
schata) domestic turkey and domestic goose (Anser anser), but these
were kept in small groups of two to five birds. Almost half of house-
holds (46%) also kept livestock, including cows, sheep, pigs and goats.

The farmers' main reason for raising poultry was self-consumption,
but 50% would also profit from the sale of eggs and chicken meat. Sixty
percent of households kept their birds free-range, 30% kept them in the
open fields a few hours a day and 10% kept them always in their
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enclosures. Veterinary care and sanitary control of birds were rare; only
6% of the households had veterinary visits in the last year, and regular
deworming was carried out only by 17% of the farmers.

3.2. Poultry predation risk based on farmer reports

Farmers reported chicken losses to raptors in 52% of the house-
holds, and it occurred in all the localities. Reported attacks from diurnal
raptors occurred mainly during early hours of the morning because
there was less human activity (40%), but also during the day (38%),
particularly referring to Chimango Caracara, Harris's Hawk and
Southern Caracara because farmers considered these species as ‘tamed’
birds adapted to human presence. Chickens with lighter colours (white,
light brown) were considered easier targets for raptors than darker
chickens because they were ‘more easily seen’. Young chicks were also
considered to be more susceptible to raptor attacks.

Most farmers described that predation events occurred more fre-
quently during the dry season (65%), and they thought it was because
the summer overlapped with the raptors reproductive season and the
presence of new-born, easy to prey upon, domestic chicks. Farmers
identified six species of raptors as the predators attacking their
chickens. The most mentioned was the Harris's Hawk (n = 42, 32%),
followed by Chimango Caracara (n = 25, 19%), Southern Caracara
(n = 21, 16%), Variable Hawk (n = 21, 16%), Chilean Hawk (n = 18,
14%) and American Kestrel (n = 4, 3%).

From the multiple regression analysis using husbandry and land-
scape covariates, three models were the most supported with four to six
covariates. Our results from model averaging showed that the enclosure
and the guard dog presence were positively associated with the absence
of predation. Road density at 390 ha and forest proportion were also
positively associated with the absence of predation. On the other hand,
the 95% confidence interval for supervision and deterrent's beta coef-
ficient overlapped with zero; therefore, there was not enough evidence
to determine the relation between these covariates and the outcome
variable (Table 2; Fig. 2). Preventive management measures considered
to build the maps were the ones positively associated with absence of
predation (enclosure, guard dog and forest proportion). Road density
was not considered a management measure even though it was posi-
tively associated with absence of predation because it is not possible to
be managed by farmers. In Fig. 2, Map (b) shows current predictive
probabilities of predation by raptors upon poultry. Lower probability of
predation (blue and green) can be observed in households that imple-
ment one or more management measures to prevent the attacks; and
higher probability of predation (red and orange) is present in house-
holds that did not use these measures. Map (c) shows the increase in
predation probability among rural housing when management mea-
sures are absent in the entire study area (no enclosures, no guard dogs
and no forest cover within the sampling unit of 0.8 ha).

4. Discussion

Our study on human-raptors conflicts in a Global Biodiversity
Hotspot presents valuable original information for mitigation alter-
natives aiming to promote coexistence between small-scale poultry
systems and raptors. Based on the farmers' experience, we identified
non-lethal methods to protect chickens from raptor predation. Farmers
using different materials to cover the chicken pens (e.g. criss-crossed
strings, wires, or nets), having a dog that displays a protective beha-
viour towards the chickens (bark at the raptor and chase it, stay nearby
the chickens) and maintaining a high proportion of trees with dense to
semi-dense cover in their property can reduce the probability of attacks.
This suggests that facilitating the implementation of these management
measures by farmers could reduce the number of attacks upon chickens
and improve human-raptor relationships.

The findings on the different factors influencing predation pressure
coincide with the results of other similar studies. The increase in the
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Mixed linear model selection based on Akaike's Information Criterion (AIC) for estimating the predation risk of chickens by diurnal raptors in the Andean temperate

forests of southern Chile.

Model structure K* AICc” AAICc® wit Estimates (SE)° 95% CI
exc + g.dog + sup + for50 + road_d 7 106.55 0.00 0.48 —-3.02 (1.23) —5.44, —0.60
—1.83 (0.58) —-2.97, —0.69
—1.29' (0.69) —2.64, 0.05
—4.15 (1.31) -6.72, —1.59
—0.05 (0.02) —-0.08, —0.01
exc + gdog + for50 + road_d 6 107.86 1.31 0.25 —-2.80 (1.21) -5.18, —0.42
—2.23 (0.55) -3.31, —1.15
—3.85 (1.25) -6.31, —1.39
—0.04 (0.02) -0.08, —0.01
exc + g.dog + sup + det + for50 + road.d 8 107.91 1.35 0.24 —2.88 (1.25) —5.33, —0.44
—1.92 (0.59) -3.08, —0.75
—1.27" (0.69) —2.62, 0.09
0.56' (0.56) —0.53, 1.65
—4.29 (1.33) —-6.89, —1.69
—0.04 (0.02) —-0.08, —0.01
g.dog + for50 + road_d 5 112.40 15.74 0.03 —1.96 (0.52) —-2.97, —9.40
—-3.67 (1.18) -5.99, —1.35
—0.03 (0.02) -0.07, 1.05
exc + det + g.dog 4 122.30 17.29 0.00 —-2.32(1.15) —-4.57, —0.06
0.62 (0.48) -0.32, 1.56
—2.13 (0.49) -3.09, —1.16
exc + supl + g_dog 6 125.53 18.97 0.00 —2.44 (1.17) —-4.72, —0.15
—0.71 (0.62) —1.93, 0.49
—1.84 (0.57) —-2.96, —0.73

2 Number of estimated parameters.

b AIC adjusted for small sample sizes.

c

Difference in AICc between each model and the best model. This table only considers the confidence set with AAIC < 2.

4" Akaike weights indicates the level of support of a model among the candidate model set.

frequency of predation during the raptor breeding season and higher
susceptibility of small chickens was also reported by Nyirenda et al.
(2017). They studied farmer-raptor conflicts in Zambia and explored
the anthropogenic threats to raptors by understanding the farmers'
perceptions, attitudes and practices. They suggested that farmers per-
ceived higher predation on small chickens and during the raptor re-
productive season due to the higher energetic demands and that young
chicks are weaker and highly nutritious. These assumptions are based
on the traditional ecological knowledge of local farmers (Nyirenda
et al., 2017; Usher, 2000) and quantitative data could provide evidence
to assess whether this conception is true. Nonetheless, other con-
founding factors that influence predation risk should also need to be
considered, such as poultry density and husbandry, predator and al-
ternative prey density and implementation of other predator control
programs.

We used a mixed-effect logistic regression that served to assess the
effectiveness of countermeasures implemented by locals based on their
experience. The results of our model do not contradict what is stated in
the scientific literature. The use of enclosure is also reported by
Harradine et al. (1997) who suggested that the use of overhead netting
materials was considered at least partly useful to protect pheasants by
83% of gamekeepers in Scotland. The counterargument for this measure
is that some gamekeepers can find it costly, unpractical and would not
implement it because it prevents pheasants to leave the pen as they
mature. Similarly, in our study some farmers were not willing to keep
their birds inside an enclosure all the time because they value meat
flavour and wellbeing of the birds under a free-ranging scheme. This
could bring difficulties in the implementation of this management
measure. Considering that maintaining an enclosure is a good measure
to avoid predation when the structure is well maintained (Parrott,
2015), an alternative could be to release the birds at a time of day
where there is more human activity in the yard and, therefore, more
supervision. This, along with accustoming chickens to stay close by
regularly feeding them around people and near the house, would allow

Coefficients' estimates are listed in the same order of covariates as presented in the ‘Model structure’ column.
Beta estimates with 95% confidence intervals that overlap zero and were therefore considered non-informative.

the protection of poultry during the time when predation pressure is
higher.

Further research is needed to evaluate the efficiency of this scheme
and its acceptability by farmers. The acceptability of different man-
agement measures is highly correlated with human perceptions on its
effectivity and practicality (Nyirenda et al., 2017), which is why some
authors have stressed the importance of using participatory decision
making when managing these conflicts (Redpath et al., 2004; Restrepo-
Cardona et al., 2020). In addition, more empirical data on adequate
confinement systems would help to keep poultry protected while safe-
guarding their welfare, not only by reducing predation but also by
providing space for sheltering, exploring and grazing.

Guard dogs have successfully reduced predation, mainly from
mammalian carnivores such as coyotes (Canis latrans), foxes, cougars
(Puma concolor), among others (Andelt and Hopper, 2000; Gehring
et al.,, 2010). However, only few articles mention guard dogs as de-
terrents of raptors and these are mainly based on testimonial evidence
and questionnaire surveys to farmers (Nyirenda et al., 2017; Margalida
et al.,, 2014). In our study, most people who had dogs that barked at
raptors and ground carnivores were not affected by predation. Dogs
need to show appropriate protective behaviour and this can be en-
hanced with conditioning techniques (Gehring et al., 2010) and it is
advised that they establish a bond with the flock by being raised with it
from a young age (Rigg et al., 2011). Further empirical research is
needed to determine the effectiveness of the use of guard dogs in pro-
tecting poultry from raptors and the appropriate techniques to train and
raise of them.

Our results show that a high forest proportion was associated with
absence of predation. Landscape features have been previously included
as factors potentially affecting the levels of livestock and poultry pre-
dation (Restrepo-Cardona et al., 2019; Nyirenda et al., 2017; Holmern
and Rgskaft, 2014; Palma et al., 2006). In Portugal, a study analysed
the diets of 22 breeding pairs of Bonelli's Eagles (Hieraaeutus fasciatus)
and contrasted these data with landscape composition and prey



R. Almuna, et al.

Legend

A Pucon city
A Curarrehue city

[ Lakes

Area without rural housing

Probability of predation
I 0.00-0.21

B 0.21-0.30
7] 0.30-0.38
" 10.38-0.46

| 0.46-0.54

10.54-0.62
T 10.62-0.71
71 0.71-0.79
B 0.79-0.87
Il 0.87-1.00

(b)

Biological Conservation 251 (2020) 108795

Fig. 2. (a) Google satellite image of the study area. (b) Risk map showing predicted probabilities of predation including data on farmers that use husbandry measures
(enclosure, guard dog) and current data on forest proportion at 0.8 ha. (c) Risk map simulates a reality where farmers do not implement husbandry measures and that
maintain farms with zero forest cover. (b) and (c) are projected based on the model-averaged predicted probabilities and exclude areas without rural housing as these

are not considered areas at risk.

availability. They concluded that areas with relatively high forest pro-
portions reduced the domestic prey content in the eagles' diet because
there was high availability of wild prey species (Palma et al., 2006).
Restrepo-Cardona et al. (2019) also conducted a dietary analysis with
Black-and-chestnut Eagle (Spizaetus isidori) in Colombia and found that
domestic fowl was the most important prey in the most deforested sites.
Despite the cited studies have measured predation impact from a dif-
ferent perspective, as they are using raptors' dietary data rather than
farmers' perception data, it is interesting to note that we have reached
similar conclusions.

Similarly to our study, Holmern and Rgskaft (2014) worked with
farmers in the Serengeti National Park, Tanzania, with whom they
found that perceived predation increased with distance to the closest

natural protected area. We agree with their conclusions that this might
be due to lower densities of natural prey in less dense forests near
villages and agricultural lands. Another positive outcome of a relatively
high forest proportion is that it provides shelter from wind and rain,
shade and areas of contrasting light that improve the chickens' welfare
(Jones et al., 2007) Alternatively, supplementary cover, such as brash
structures or refuges of any type, has been proposed as an alternative to
trees because it can fulfil a similar role (Parrott, 2015).

Considering that higher forest proportions provide higher avail-
ability of wild prey and natural protection for the chickens, the
alarming deforestation levels in southern temperate forests could have a
serious impact not only upon chicken predation, but also raptor con-
servation. Therefore, forest conservation and restoration initiatives
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should be matters of common interest for both farmers and conserva-
tionists alike. Efforts should not only be focused on farming practices
for protecting poultry, but also on public policies focused on decreasing
deforestation rates. Here relies the relevance of current forest restora-
tion projects being implemented in southern Chile, where community-
based initiatives supported by the National Forest Corporation
(CONAF), are promoting reforestation using native species from the
area (CONAF, 2017).

An ecosystem is composed of multispecies assemblages with com-
plex social-ecological interactions. Other native and invasive predators
were also mentioned as conflictive in our surveys, such as Kodkod Cat
(Leopardus guigna), foxes (Lycalopex spp), American Mink (Neovison
vison) and domestic dogs, but most of the predation events were at-
tributed to avian predators. This might be an overestimation because
diurnal raptors can be seen attacking the flock during the day and are
regularly sighted flying over the fields, whereas ground predators tend
to be less conspicuous (Holmern and Rgskaft, 2014). Also, diurnal
raptors tend to leave the carcass where they killed it, unlike several
ground carnivores that tend to carry it away to hide it, feed their off-
spring or eat in a quiet place (Stahl et al., 2002).

Research concerning raptor predation on poultry is limited, espe-
cially in developing countries where financial and technical limitations
move resources towards other priorities (Nyirenda et al., 2017). When
information about the matter is scarce, it has been proposed that the use
of local ecological knowledge (or situated knowledge) can help develop
management plans by understanding how people's experience influence
their practices (Becker and Ghimire, 2003; Usher, 2000). Ques-
tionnaires are regularly used to gather information on human-wildlife
interactions because it is an effective and inexpensive method that
provides broad evidence (Naughton-Treves and Treves, 2005). How-
ever, data must be carefully interpreted to take cautious conclusions
because respondents may be biased towards personal economic or po-
litical interests (Dickman, 2010). In relation to this, Holmern and
Rgskaft (2014) emphasize that in perception studies, the farmers' view
may be influenced by a lack of interactions with wildlife which may
exacerbate their notion of the conflict. The latter highlights the im-
portance of coupled studies that combine social and ecological em-
pirical data to design management options for predation conflicts
adapted to local contexts (Lischka et al., 2018).

Even though supervision did not show any association with preda-
tion events, research elsewhere indicates that most of the attacks on
domestic animals occur when they are kept unattended and un-
supervised (Rodriguez et al., 2019). Moreover, the use of deterrent has
also been reported as having a varying (and generally low) level of
success because raptors can habituate to them (Parrott, 2015). On the
other hand, there are a number of other preventive measures that were
not mentioned by any of the farmers but that have been reported by
other authors. Management measures such as providing diversionary
feeding to raptors, giving financial incentives to farmers and educa-
tional programmes are initiatives that have had relative success in other
contexts and that have been often accepted by stakeholders (Parrott,
2015; Redpath and Thirgood, 2009).

To our knowledge, diversionary feeding has never been used in
Chile as a management measure for any species. On the other hand, the
Agricultural Insurance Committee (Agroseguros) of the Ministry of
Agriculture in Chile, offers a Livestock Insurance as a means to reduce
conflict with terrestrial carnivores (Instituto de Desarrollo
Agropecuario (INDAP), 2020), but not with raptors. This program in-
volves filed investigations to identify whether predatory attacks were in
fact done by wild terrestrial predators instead of dogs. This has helped
developing a data base of livestock predation by carnivores across Chile
that unfortunately does not exist for raptor attacks on poultry. We
consider it is necessary to apply verification protocols for poultry da-
mage claims in Chile for both promoting legitimate compensation
programs and for building a reliable source of information on human-
predator conflicts.
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Addressing predation upon domestic animals requires long-term
efforts to understand the foundations of the problem and empirically
test possible solutions. In the United Kingdom, it took nearly ten years
for a group of scientists to reach agreements with other interested
parties and start testing different techniques to reduce raptors' preda-
tion impact on game species (Redpath and Thirgood, 2009; Watson and
Thirgood, 2001). These authors highlight that dialogue, commitment
and participation are vital aspects to find solutions to a problem that at
first seems impossible to resolve. To this date, there are no cases of
long-term work for managing human-predator conflicts in Chile be-
cause financial funds are scarce and the few resources that are destined
for human-predator conflicts go to farmers in conflict with terrestrial
carnivores.

We consider that our study has potential limitations that should be
noted. We focused our research in the perceived predation impact and it
would have been interesting and informative to compare these results
with information on chicken losses through raptor dietary studies
(Palma et al., 2006) or field observations (Ballejo et al., 2020). More-
over, we could have included different carnivore species to measure
predation impact among different animal groups. This was conducted
by Stahl et al. (2002) in a study where they trained farmers on how to
recognize the signs that different types of predators leave on a fresh
carcass. Applying this approach could help to provide clearer knowl-
edge on poultry losses and specific management measures for the pre-
dators involved, although some techniques are likely to protect
chickens from a variety of predators (i.e., guard dogs, enclosure).

On the other hand, it would have been interesting to collect data
during the breeding season to evaluate whether there was a difference
in the perception of predation between seasons. We consider another
limitation the fact that there is a gap in the knowledge of human-raptor
conflicts in Chile, which prevented us from providing a strong theore-
tical background of the impact of chicken predation by raptors in
Chilean family poultry systems.

Predator management is a challenge that necessarily involves
dealing with the systems' ecological and socio-political foundations.
Farmers' detrimental actions towards raptors can hinder conservation
initiatives and the natural recovery of these key top-down ecosystem
modulators. The success of raptor conservation widely depends on ef-
fectively increasing tolerance from local communities within social-
ecological rural landscapes. This study is the first step towards effec-
tively addressing the human context of this conflict in Chile. Our results
are an important contribution to promote public engagement and the
socio-political change required to move forward into a future of coex-
istence between humans and predators.
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