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Effectiveness of a calf-selective feeder in preventing wild boar access
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Abstract
Tuberculosis (TB) transmission between wildlife and domestic animals is usually indirect when they share an interface or visit the
same location at different times in order to use the same food and water resources. Preventing aggregation and subsequent contact
between domestic and wild animals is a valuable and cheap tool for improving farm biosafety. This study was carried out in a beef
cattle farm located in Asturias (Atlantic Spain). Wild boar (Sus scrofa) visited the farm facilities every night to feed in the farm’s
calf feeders. Our aim was to design and test the efficacy of a selective feeder for calves that could hinder its use by wild boar. We
analyzed the effectiveness of the design using camera trapping. Pictures showed a reduction of 97.8% and 56.3% in the number
of wild boar accessing to the selective feeder and in the number of wild boar Baround^ it, respectively. Those data demonstrate
that the selective feeder hindered the access of wild boar to the feed and therefore, reduced the feed-mediated indirect interspecies
contacts. Biosecurity measures are promising, cheap, and cost-effective tools for preventing TB and other diseases.
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Introduction

Disease transmission betweenwildlife and domestic animals is of
an indirect nature, and occurs when they share an interface
(habitat) or visit the same location at different times in order to
access to the same food and water resources (Kuiken et al. 2005).
That is the case of animal tuberculosis (TB) (Kukielka et al. 2013;
Cowie et al. 2016; Ribeiro-Lima et al. 2017), a disease caused by
infection with members of theMycobacterium tuberculosis com-
plex (MTC) (mainlyM. bovis and, to a lesser extent,M. caprae).

It is a major economic burden causing disease in livestock world-
wide and zoonosis in humans (Olea-Popelka et al. 2017). Animal
TB is still present in many European countries, where it is the
focus of national eradication programs in cattle.Wildlife hosts are
also susceptible to M. bovis and can act as a reservoir of the
infection for livestock, e.g. badgers (Meles meles) in UK and
Republic of Ireland (Jenkins et al. 2008; Murphy et al. 2010).
In the Spanish continental Mediterranean habitats, the wild boar
(Sus scrofa) and deer (mainly red deer Cervus elaphus and also
fallow deerDama dama) are considered the wild reservoirs ham-
pering TB eradication,with a TB prevalence that can be > 50% in
wild boar (Vicente et al. 2013). MTC excretion by wild boar in
Atlantic habitats (5% TB prevalence) is much lower than in
Mediterranean areas although this species provides a good indi-
cator of MTC circulation (Muñoz-Mendoza et al. 2013).

The success of disease eradication programs depends on ad-
dressing all relevant host species (Gortázar et al. 2012). Wild
boar population densities are increasing in Spain helped by the
decline in hunting licenses, the increasing quality of habitat, and
the precocity and high reproductive rate of this species (Virgós
2002; Quirós-Fernández et al. 2017; Becker et al. 2018). This
puts increasingwild boar pressure on farm pastures and buildings
and even on urban areas (Castillo-Contreras et al. 2018;
González-Crespo et al. 2018), enhancing the risk of infection
transmission. In this context, in Spain, biosecurity and husbandry
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measures are tools included in integral approaches to control TB
at the wildlife and livestock interface (MAPA 2018). Preventing
aggregation and subsequent contact between domestic and wild
animals has proved to be a valuable and affordable tool for TB
control (Barasona et al. 2013).

The aim of this study was to design and test the efficacy of
a selective feeder for calves that could hinder wild boar access
to the feed and thus reduce the indirect interaction between
cattle and wild boar.

Material and methods

Study farm and feeder design

The study was carried out on a farm producing Asturiana de
Montaña cattle exclusively in Caravia, in the province of
Asturias, which is located in northwestern Spain at the foot-
hills of Sierra del Sueve (43° 15′ N, 5° 15′ W). The region is
characterized by an Atlantic climate with a temperature range
from − 4–8 °C in the coldest months and abundant precipita-
tion throughout the year (1400–2100 mm per year). Wild boar
from the study area, the Sueve foothills, had a TB prevalence
of 9.3% (8/86) by culture from 2011 to 2016 (Muñoz-
Mendoza et al. 2013; data unpublished from SERIDA), and
the sameM. bovis strains were detected in both cattle and wild
boar (mycoDB.es, Rodríguez-Campos et al. 2012). Wild boar
density in Asturias has been recently estimated using hunting
statistics in the local municipal hunting areas. Results indicat-
ed a population density of 4.5 wild boar per square kilometer
in that particular area in 2016 (Carlos Nores, personal
communication).

The studied farm is focused on beef production with a herd
size of 120 animals. The farm has no TB history but it is
located in an Asturian hot-spot area where TB prevalence in
cattle herds was > 4% from 2010 to 2016 (MAPA 2018). The
farm management practices consist of feeding the newborn
animals on mountain pastures from spring to autumn and af-
terwards, once back on the farm, combining artificial feeding
and pastures (during the day and night) until calves reach a
weight of 350–400 kg and are ready to sell. Wild boars were
known to visit the farm facilities every night in order to gain
access to the feed placed in the calf feeders (Fig. 1a and b).
Occasionally, wild boar even entered the feeders (Fig. 1b).

A selective feeder was designed to avoid the wild boar
having access to the food (Figs. 1c and 2). The design
consisted of incorporating movable bars (in width and height)
adaptable to the calves’ size (Fig. 2). Animals displaced the
diagonal bars when they introduced the head (Fig. 1c and d). It
was expected that wild boars would be physically hindered by
the bars, and scared by the noise caused by bar displacement
which would discourage them from trying it again. Feed was
situated at the deep end of the feeder, allowing calf but not

wild boar access. We analyzed the effectiveness of this design
using camera trapping.

Data collection and analysis

The frequency and number of animals (both cattle and wild
boar) using the new selective feeder were assessed by a heat
and motion infrared-triggered camera trap (Acorn, LTL-
5310), from 26th of August to 26th of October (2016) and
from 6th of March to 17th of March (2017). A second camera
trap was used to monitor an old feeder located 200 m away in
a contiguous meadow from 26th to 28th of February (2016)
and from 26th of August to 10th of October (2016).

All recorded pictures were visually revised. An Excel da-
tabase (Microsoft Excel, version 2007; Microsoft
Corporation) was constructed for statistical analysis purposes
including the following information for each picture: file iden-
tification, year, date, hour, old/new feeder, presence/absence,
and number of cattle and wild boar Bin^ (with the head inside
the feeder) and Baround^ the feeder.

The statistical analysis carried out included chi-square (χ2)
tests to compare the presence and Student’s t tests to compare
the number of individuals present Bin^ and Baround^ the feed-
er, before and after installing the exclusion bars. Comparison
of the number of individuals was used to estimate prevalence
(confidence interval, C.I.) between sample types and study
areas. An additional χ2 test was performed to compare be-
tween 2016 and 2017 for wild boar presence in the data for
the selective feeder. The data was analyzed using the SPSS
statistical package, version 15.0 (SPSS Inc., Chicago, IL,
USA), and 95% C.I. was used.

Results

The camera-trapping survey yielded 3922 pictures, including
1015 images from the old feeder and 2907 from the new selec-
tive one. The nocturnal activity pattern of wild boar was evi-
dent as none of the 714 pictures showing wild boar presence
was taken during daylight. From the 2955 pictures showing the
presence of cattle, 1004 were obtained during the daytime and
1951 during the night. In 32 pictures, cattle and wild boar
appeared together around the feeder and in 221 photographs
neither cattle nor wild boars were detected. The use of the
selective feeder by cattle was continuous from its installation.
Pictures showed how the calves easily displaced the diagonal
bars and introduced the head thanks to the length of their neck
(Fig. 1d). All animals learned to use the selective feeder in the
first or second day and no difficulties were observed. However,
wild boars were unable to access the food (Fig. 1e and f).

The number of pictures showing wild boar with their head
Bin^ the feeder (with apparent oral access to dispensed food)
showed a statistically significant difference (χ2 = 987.6, 1 d.f.,
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p < 0.001) from 329 pictures in the old feeder to just seven
(belonging to two different animals and obtained on the same
day, during a period of 1 h and 23 min) in the selective one.
The study of pictures obtained also showed a statistically sig-
nificant reduction (χ2 = 868.5, 1 d.f., p < 0.001) in the number
of wild boar Baround^ the feeder after the introduction of the
new selective one. That means that when calves or wild boar
got access to the feeders, they usually throw food out of the
feeder and wild boars eat it during the night; the selective
feeder also reduced the food on the ground and therefore the

presence of wild boar Baround^ the feeder. The number of
individual wild boar detected in pictures obtained both Bin^
and Baround^ feeder showed a statistically significant de-
crease (t = 29.902 and t = 33.29 respectively, with p < 0.01 in
both cases) in their average values when using the selective
feeder. No statistical difference was reported in wild boar
presence and number between the trials carried out with the
selective feeder in 2016 and 2017.

The χ2 test carried out on pictures of cattle in the two
feeders revealed a statistically significant increase in the

Fig. 1 Design of a selective calf feeder to segregate wild boar access. a
Old feeder where calves ate daily (inset). b Wild boar feeding at night
even getting inside the old feeder. c Selective feeder design with movable

bars only displaced by calves. d Calves feeding in the new selective
feeder. e and f Wild boar are not able to access to the food in the new
feeder and remain around it
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number of pictures showing the presence of cattle Baround^
the new feeder (χ2 = 318.099, 1 d.f., p < 0.001). The number
of individual cattle photographed Bin^ and Baround^ the new
feeder showed a statistically significant decrease (t = 8.968,
p < 0.01) and increase (t = − 4.994, p < 0.01), respectively.

Discussion

We have demonstrated by infrared camera trapping how the
selective feeder design hindered the access of wild boar to
feed in and around the selective feeder intended for calves
and therefore, reduced the indirect contacts between cattle
and wild boar mediated through the food. Camera trapping
was a useful method for estimating interactions, as it records
data continuously without affecting animal behavior
(Kukielka et al. 2013). The significant difference in the num-
ber of wild boar in the new selective feeder in comparison
with the old feeder confirms the effectiveness of this exclusion
feeder. The fact that only two individuals where photographed
Bin^ the selective feeder on just 1 day suggests that they were
generally not able to reach the food, taking into account that
wild boars would undoubtedly have repeated that behavior if
they would have been able to get to the food.

The statistical differences reported in the number of pic-
tures and individuals when considering the use of the selective
feeder by cattle can be explained considering its design: the
selective feeder allowed the simultaneous feeding of just four
animals (in contrast with up to eight animals simultaneously
using the old one in some of the images). This reduced the
average number of cattle detected Bin^ the feeder and in-
creased both the number of cows awaiting their Bturn^, and

also the number of pictures of cattle feeding in it (due to the
time implied for feeding being higher).

TB eradication requires the determination of infection risk
factors (Kukielka et al. 2013; Cowie et al. 2016), even when
the perceived disease risk is low on a farm (Ribeiro-Lima et al.
2017). Asturias is a Spanish community registered as a low TB
prevalence region, with a cattle herd TB prevalence under 0.1%
for the first time in 2017 (0.08%, MAPA 2018). If Asturias
maintains its cattle herd prevalence under 0.1% for the 4 follow-
ing years, it will be eligible to be declared as an officially TB free
(OTF) region by the European Union (MAPA 2018). TB emer-
gence has been observed in scenarios where the risk is assumed
to be low (Mentaberre et al. 2014). This means that it is of
importance to try to minimize any risk factors related to TB
transmission, including interspecies contacts, especially in areas
where it has been detected in host species.

We showed that calves and wild boar are fed at different
times, as in only 32 pictures did both species appear together.
That implies that risky interspecies contacts were mostly indi-
rect, and that they could be minimized by using the selective
feeder design systematically. Other studies have shown that
indirect interactions between cattle and wild ungulates are
higher at water and feeding sites (Kukielka et al. 2013;
Cowie et al. 2016; Ribeiro-Lima et al. 2017). TB indirect
transmission requires the pathogen to survive in the environ-
ment for long enough to remain infective to potential host
individuals (Martin et al. 2011). Specifically, M. bovis can
be viable for weeks and even months in different substrates
due to its cell wall composition and structure (Fine et al. 2011;
Rodríguez-Hernández et al. 2016), surviving for up to 43 days
in corn, 58 days in water, and 88 days in soil (Fine et al. 2011).
MTC was also found in 55.8% of the water points in mud

Fig. 2 Selective feeder scheme
designed to hinder wild boar
access. Meters (m); centimeters
(cm); millimeters (mm)
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samples on the shore in a study carried out in Mediterranean
Spain (Barasona et al. 2017a). TB-infected wild boar shed
MTC via saliva (13.6%), nasal secretions (4.5%), or feces
(4.5%) (Barasona et al. 2017b) which may contaminate those
different substrates and become a risk of exposure to other
wild boar and to different species sharing the same habitat.
The use of these kinds of feeders might reduce the potential
transmission opportunities mainly through the saliva which is
considered themost important route of sheddingmycobacteria
(Barasona et al. 2017b).

Indirect transmission via contaminated feed falling on
the ground cannot be excluded. However, the significant
decrease of wild boar Baround^ the selective feeder also
reflects a secondary advantage: the fact that cattle have
to introduce not only the head but also the neck across
installed bars limits both head and neck mobility, thus
reducing the amount of food that falls into the ground
and consequently also reducing wild boar attraction and
indirect contact events. The absence of statistical differ-
ences reported in wild boar presence and numbers in the
selective feeder between 2016 and 2017 suggest that, at
least for this time period, wild boars were not able to
get to and access the food supplied by the selective
feeder. The fact that less data was obtained in 2017
with respect to 2016 might have influenced that result.
The selective and old feeders stayed on the farm be-
tween the two trials, and wild boars were likely still
attracted to the farm for the old feeder.

Asturiana de Montaña is a small-size autochthonous
cattle breed, characterized by a height of 1.27 and
1.42 m, in females and males, respectively (MAPA
2018). This means that feeders are usually a bit smaller
than for other breeds, making access for wildlife easier.
However, wild boar access has also been observed in
feeders in larger breeds (Cowie et al. 2016), which
means that our design might be used in any farm and
in any breed by just adding movable bars to their old
feeders. The total cost of the new selective feeder was
1000 €, but the simple fact of adding the movable bars
to any feeder whose structure allows it would be feasi-
ble at low cost. In 2017, the Asturias community spent
4 million € on the cattle TB eradication program in
personal and laboratory costs. In this sense, biosecurity
measures such as this selective feeder design are prom-
ising, cost-effective tools for both farmers and adminis-
tration, in order to prevent disease transmission.
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