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Abstract Damage caused by wildlife is one of the main causes of human-wildlife conflict (HWC) world-
wide and poses a significant threat to both biodiversity conservation and human livelihoods. Understand-
ing the mechanisms that underpin such damage is critical to tackle HWC and foster coexistence. In this
paper we provide information on the pattern and magnitude of damage by giant armadillos (Priodontes
maximus) to apiaries in the Cerrado biome of Mato Grosso do Sul, Brazil. With the collaboration of 10
beekeeping associations we gathered information from 178 beekeepers. Seventy-three percent of these in-
dividuals reported beehive damage by giant armadillos in the last five years and 46% in the last 12 months,
resulting in substantial economic losses. We used a combination of beekeepers' reports and camera traps
to characterize the pattern of damage, and to evaluate the effectiveness, as well as pros and cons, of several
non-lethal mitigation measures to deter giant armadillos from damaging beehives. In hopes of developing
a win-win solution, we propose the implementation of a Honey Certification Scheme so that beekeepers
and giant armadillos may not only coexist but thrive together.
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Tenha cuidado! Conflito entre apicultores e tatus-canastra e possiveis formas de coexistir

Resumo Danos causados pela vida silvestre constituem-se em uma das principais causas de conflitos hu-
mano-fauna (CHF) ao redor do mundo, ameagando significativamente a conservagao da biodiversidade
e os meios de subsisténcia das pessoas. A compreensao dos mecanismos que sustentam tais danos é fun-
damental para combater o CHF e promover a coexisténcia. Neste artigo, fornecemos informagoes sobre o
padrdo e a magnitude do dano causado por tatus-canastra em apidrios no Cerrado do Mato Grosso do Sul,
Brasil. Com a colaboragao de 10 associagdes apicolas, reunimos informagoes de 178 apicultores. Setenta
e trés por cento deles relatou danos as colmeias por tatus-canastra nos ultimos cinco anos e 46% nos ul-
timos 12 meses, resultando em perdas econémicas substanciais. Usamos uma combinagao de relatos de
apicultores e armadilhas fotogréficas para caracterizar o padrao do dano e avaliar a efetividade, os pros
e contras de algumas medidas de mitigacao nao-letais para impedir que os tatus-canastra danifiquem as
colmeias. Na esperanca de desenvolver uma solugao onde todos os lados saiam ganhando, nés propomos
aimplementa¢ao de um esquema de certificagdo do mel para que apicultores e tatus-canastra possam nao
apenas coexistir, mas juntos prosperar.

Palavras-chave: apicultura, Apis mellifera, Cerrado, coexisténcia, conflito humano-fauna, danos causados
pela vida silvestre
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INTRODUCTION

Human-wildlife conflict (hereafter, HWC) is
undoubtedly a challenging and urgent conserva-
tion issue worldwide (Hodgson et al., 2020). One
of its main causes is damage by wildlife, which
threatens livelihoods and the mental well-being of
people affected (Messmer, 2000). This often leads
to retaliatory actions against the animals deemed
responsible (Sifuna, 2005). HWC may also re-
sult in human-human disagreement about what
should be done to remedy a situation (Redpath
et al., 2015). In South America, several examples of
HWC have been documented. The most emblem-
atic is the predation of domestic livestock by wild
cats such as jaguars (Panthera onca; Inskip & Zim-
mermann, 2009), or by wild canids on domestic
fowl (Bickley et al., 2019). However, conflicts with
armadillos have also been reported. The most-stud-
ied armadillo, the nine-banded armadillo (Dasypus
novemcinctus), damages both agricultural crops and
gardens (Gammons et al., 2009). In Argentina, the
large hairy armadillo (Chaetophmctus villosus) and
the six-banded armadillo (Euphractus sexcinctus) are

reported to damage silo bags (Zufiaurre et al., 2019).
In Brazil, the six-banded armadillo is also persecut-
ed and sometimes killed by ranch workers in the
Pantanal because cattle and horses can step in the
armadillos’ burrows and break their legs (Desbiez,
2007). Finally, the giant armadillo (Priodontes maxi-
mus) in the Chaco of Paraguay damages water stor-
age structures (Weiler & Nufiez, 2012). In this study,
we provide the first description of giant armadillo
damage to apiaries in the Cerrado biome of Mato
Grosso do Sul (MS), Brazil, and the resulting con-
flict with beekeepers.

The giant armadillo is the largest living cingu-
late, with adults measuring up to 1.5 m long and
weighing up to 60 kg (Carter et al., 2016; Desbiez
etal.,,2019b). This species is naturally rare but wide-
ly distributed throughout 11 countries in South
America, in habitats ranging from tropical forest
to open savanna (Smith 2007; Abba & Superina,
2010). This large myrmecophagous species has an
extensive home range, is solitary, nocturnal, and
fossorial in habits and can therefore easily go unno-
ticed by the local population (Eisenberg & Redford,
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FIGURE 1. Prevalence of damage by giant armadillos (Priodontes maximus) to beehives in Mato Grosso do Sul state, Brazil from a survey
conducted between July 2017 and October 2019: percentage of beekeepers who experienced damage by giant armadillos in
the last year (orange) and those who did not (yellow). No conflict between giant armadillos and beekeepers was registered
in the Pantanal, where giant armadillos also occur (grey shaded area).
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FIGURE 2. Prevalence of damage by giant armadillos (Priodontes
maximus) to beehives in Mato Grosso do Sul state,
Brazil from a survey conducted between July 2017
and October 2019: percentage of beekeepers who
experienced damage by giant armadillos in the last
five years (red) and those who did not (yellow). No
conflict between giant armadillos and beekeepers
was registered in the Pantanal, where giant armadil-
los also occur (grey shaded area).

1999; Silveira et al., 2009; Desbiez et al., 2020). Due
mainly to habitat loss and hunting, the species is
currently classified as “Vulnerable” (A2cd) on the
IUCN Red List of Threatened Species (Anacleto
etal., 2014).

Brazil's Cerrado is a highly diverse savanna
ecosystem that provides critical habitat for many
endemic and rare species (Klink & Machado, 2005).
The Cerrado is also home to the giant armadillo
(Chiarello et al., 2015). Although it is considered one
of the world's biodiversity hotspots, more than 50%
of Brazil's Cerrado has been transformed into pas-
ture or agricultural lands planted with cash crops,
and as little as 19.8% remains undisturbed (Green
etal.,2019). Deforestation rates have been 2.5 times
higher in the Cerrado than in the Amazon rainforest,
and conservation efforts have been modest (Strass-
burg et al., 2017). Lemos and colleagues (2020) re-
ported that giant armadillos can be found in highly
human-modified Cerrado landscapes in central Bra-
zil, but 83% of records occur in native vegetation. In
Mato Grosso do Sul, however, the remaining areas
of native Cerrado vegetation are highly fragmented
and occur predominantly as small patches, with an
average patch size of 9.05 + 0.70 ha (Reynolds et al.,
2016). In the better-preserved Pantanal region adja-
cent to the Cerrado, the median adult home-range
area for giant armadillos is 2,510 ha (Desbiez et al.,
2020), which suggests that individual giant arma-
dillos in the Cerrado are likely to require several

connected fragments to find the resources neces-
sary for their survival.

Between April 2015 and July 2018, the Gi-
ant Armadillo Conservation Program launched a
project to survey all native habitat fragments in
over 500 micro watersheds throughout the Cerrado
of Mato Grosso do Sul to map the distribution of the
giant armadillo. During field work, we spoke with
>1000 members of local communities to access na-
tive fragments on their land. During these informal
conversations, it was reported that giant armadillos
were adversely affecting beekeepers in several mu-
nicipalities throughout the state. Beekeepers place
their hives along the edges of the last fragments of
native Cerrado vegetation so that their bees can
be as close as possible to the native wild flowers.
Unfortunately, these are also the fragments that
sustain giant armadillos. Giant armadillos were re-
ported to knock over and destroy beehives, but we
also learned that beekeepers implemented a range
of protection techniques to prevent this. Some of
these strategies were non-invasive (e.g., fencing),
whereas others were potentially lethal (e.g., poison-
ing). Beekeepers have reported retaliation against
giant armadillos, which may explain why in some
areas where our distribution models predicted the
species should be present, we found no evidence
of it. This leads us to believe that the conflict with
beekeepers may be contributing to the local extinc-
tion of the species in some areas and should receive
attention from conservationists.

Although damage does not necessarily trans-
late into retaliatory behavior, several studies show
that wildlife damage can affect people's evaluations
of favorability towards a species and their willing-
ness to protect it (e.g., Lindsley et al., 2005; Bickley
et al., 2019). Historically, the science of Wildlife
Damage Management has sought solutions so that
humans and wildlife can coexist (Conover, 2002).
This goal is usually achieved through a variety of
approaches, for example by changing the behavior
of the species causing the problem (Branco, 2018),
by trying to reduce the vulnerability of the target
(Marchini et al., 2011), or by influencing human be-
havior and attitudes so that people are more will-
ing to tolerate the damage (Decker et al., 2012). For
any of these approaches, the first and most basic
step is problem definition: determining the species
causing the loss, the pattern of the damage, and the
magnitude of the problem (Vercauteren et al., 2010).
Thus, in the present case, the first step to tackle
is defining the threat that giant armadillos repre-
sent to the livelihood of beekeepers, and then ex-
plore potential approaches to alleviate this conflict.
Hence, in this study we sought to: 1. estimate the
prevalence of damage by giant armadillos to bee-
hives throughout their range in the Cerrado biome
of Mato Grosso do Sul; 2. characterize the pattern
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FIGURE 3. Beekeeper holding a dead giant armadillo (Priodon-
tes maximus) killed in retaliation for the damage
caused to his beehives. The picture was provided by
a beekeeper who agreed with the anonymous dis-
closure of the content.

of damage and understand how the giant armadillo
successfully predates the hives; and 3. discuss the
effectiveness of the different strategies that bee-
keepers are currently using to reduce damage. In
addition, we explore solutions grounded not only
in reducing the negative interactions between bee-
keepers and giant armadillos, but also in increasing
positive relations between them.

MATERIALS AND METHODS

All of the 10 beekeeper associations found
across the range of the giant armadillo in the Cerra-
do of Mato Grosso do Sul were consulted. In order
to assess the prevalence of damage, and to calculate
the financial cost of a damaged beehive, from July
2017 to October 2019 we asked the beekeeper asso-
ciations to help us gather the following information:
1. the total number of active associates; 2. how many
associates experienced damage by giant armadillos
in the past five years and in the past 12 months;
3. the amount of damage (in units of beehives) ex-
perienced by each of them in the two time frames
(five years and the past 12 months), and 4. the fi-
nancial loss incurred from a damaged beehive unit.

To document giant armadillo predatory be-
havior and evaluate mitigation measures, we
collaborated with beekeeping associations and con-
ducted informal conversations with beekeepers in
the region. We recorded the different mitigation
strategies adopted by beekeepers and ranked their

4

effectiveness in preventing giant armadillo preda-
tion as high, medium or low. Measures were also ex-
tensively discussed with beekeepers to understand
their pros and cons. Effectiveness was considered
to be high if every beekeeper who used the method
prevented giant armadillo predation, medium if the
measures worked only on some occasions, and low
if they did not prevent giant armadillo raids in most
apiaries.

In addition to the reports provided by beekeep-
ers, we monitored the effectiveness of four mitiga-
tion methods (stands at less than 1.3 m, fencing,
pallets, securing hives to the stand) using camera
traps. Between July 2017 and November 2019, 21
camera traps (Reconyx XP9, Holmen, USA) were
placed on six properties at nine different apiaries,
with the authorization of the owners. The camera
traps were fixed a few meters away from the bee-
hives to ensure full view of the hives and surround-
ings. They were set on 1080P HD video at 30 frames
per second. To make sure that any animal predating
the beehive would be detected, two cameras were
placed around the same hives in six apiaries and
three cameras in three apiaries. Cameras were left
in the same apiary for at least three months.

RESULTS

A total of 178 beekeepers were consulted (FIG. 1,2),
of which 175 were men and three were women. Of
these 178 individuals, 136 were members of the 10
beekeeping associations we consulted; the remain-
ing 42 were non-member beekeepers who worked
in neighboring municipalities. The number of hives
per beekeeper ranged from four to 2,000, with an
average of 230 (+ 352 SD) hives per beekeeper. For
53% of these beekeepers, over half of their income
came from beekeeping. Most of the beekeepers
owned their own hives (81%), while the rest cared
for their own hives as well as someone else's, or
cared for only someone else's hives. Thirty percent
of beekeepers lived near or on the land where the
honey was produced; 25% actually owned some of
the land where they produced honey. In general,
most of the hives were placed on land that did not
belong to the beekeeper and required some form of
transport to access.

Prevalence and the cost of damage caused by
giant armadillos to beehives

Forty-six percent of beekeepers reported dam-
age by giant armadillos in the past 12 months
(F1G. 1), for a total of 1,036 damaged beehives in this
period. In the past five years, 73% of associates ex-
perienced losses due to giant armadillo predation
(F1G. 2), with approximately 6,265 destroyed bee-
hives. The cost of a destroyed beehive was estimat-
ed between R$500 and R$730 (Brazilian reais) or
100 to 150 USD (1R$ = 0.20 USD, 10 June 2020). The
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total financial loss due to giant armadillo predation
on beehives in this region (using the minimum
beehive cost estimate) was valued at R$518,000 in
the past 12 months (or $103,600 USD), and at over
R$3,000,000 in the past five years ($626,500 USD).

Giant armadillos usually toppled a single hive,
but could topple up to five hives in the same night.
One beekeeper who had not visited his hives for
more than two weeks reported he had 120 hives
toppled and destroyed. The beekeeper who claimed
the most damage reported the loss of 460 hives
(R$230,000/$46,000 USD) during his 14 years as
a beekeeper. Some beekeepers reported they have
had to abandon specific areas where they produced
honey due to the conflict. Some are aware of col-
leagues who gave up beekeeping altogether due to
giant armadillo predation.

Characterizing beekeepers' strategies to pre-
vent beehive damage

While some beekeepers adopted non-lethal mit-
igation strategies (described below), others used le-
thal methods to rid themselves of animals causing
damage to hives, including poisoning and trapping
(F1G. 3). Beekeepers reported that trapping was al-
most always unsuccessful, very time-consuming,
and frustrating. Poisoning was usually successful as
giant armadillos returned to feed on the fallen bee
combs. Because the density of giant armadillos is
very low (Desbiez et al., 2020), once the culprit was

FIGURE 4B. Pattern of damage by giant armadillos (Priodontes
maximus) to beehives in Mato Grosso do Sul state,
Brazil.

FIGURE 4A. Pattern of damage by giant armadillos (Priodontes
maximus) to beehives in Mato Grosso do Sul state,
Brazil.

killed, predation stopped for an average of three
years according to beekeepers. Despite the extra
financial and labor costs, some beekeepers volun-
tarily implemented non-lethal methods to prevent
giant armadillo attacks. A total of 10 different meth-
ods to prevent giant armadillo predation were re-
corded and discussed with beekeepers and their
representatives in the associations (TABLE 1).

Characterizing the damage

Cameratraps recorded giant armadillo predation
behavior on four occasions. Two of these involved
hives that were on stands <1.3 m high and were not
secured to the stand (https://youtu.be/g_ncD5rxhto
and https://youtu.be/aL68MeemPPY). In the third
case a giant armadillo dug under a fence and pre-
dated hives that were on low stands (https://youtu.
be/ 2h—GijKniI). Finally, on the last occasion a
giant armadillo predated hives secured on a pallet
placed on two tires (https://youtu.be/41rj10AZvH4).

The video records show that giant armadillos
use their skull and nose rather than their claws to
knock over beehives. They walk on their hind legs
using their strong tail for balance and use their head
to push over beehives as heavy as 35 kg. They use
their claws sometimes to hold on to structures to
maintain balance. In Mato Grosso do Sul all bees
are hybrids of European honey bees Apis mellifera
mellifera with aggressive Africanized bees Apis me-
llifera scutellata. Videos show the armadillo's consid-
erable resistance to bee stings, thanks to their thick
skin and protective armor and scales. However,
they were still inconvenienced by the bees, and we
recorded images of giant armadillos rolling them-
selves on the ground and using their claws to rub
the head, presumably as a means of getting rid of
attacking bees.

Once a beehive was knocked on the ground
the attacking giant armadillo proceeded to complete-
ly destroy it and dismantle all the frames (FiG. 4A, B).
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FIGURE 5. A-C: Highly effective methods, D-G: medium effective methods, and H-J:
methods that never worked to prevent predation by giant armadillos
(Priodontes maximus) to beehives, in the Cerrado of Mato Grosso do Sul
state, Brazil. (A) Hives on stands a minimum of 1.3 m from the ground;
(B) Aboveground fence with an associated underground wall; (C) Electric
fence; (D) Hives on stands between 1 m to 1.3 m from the ground, but
that are tightly secured to the stand; (E) Elevated stands on planks with
the hive closely surrounded by nails; (F) Four hives bolted on pallets on
tires; (G) Fencing without underground wall; (H) Elevated stands low-
er than 1.3 m and not secured; (I) Sensory methods; (J) Hives on 200 1

barrels.
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This was often done over the course of several
nights, including up to five nights in a row. Bee-
keepers observed that giant armadillos were not
consuming honey but rather the bee larvae because
they dismantled and fed on the brood comb rather
than the honey frames. Beekeepers were particular-
ly angered by the waste of honey, in addition to the
destruction of their equipment.

Our camera traps further showed that oth-
er species forage on the fallen, destroyed frames
during the day, including: tayra (Eira barbara), giant
anteater (Myrmecophaga tridactyla), southern taman-
dua (Tamandua tetradactyla), six-banded armadillo
(Euphractus sexcinctus), red-legged seriema (Cariama
cristata), and bare-faced curassow (Crax fasciolata).

Beekeepers mentioned other mammals that
they believe can cause damage to beehives, espe-
cially when the hives are kept lower to the ground.
These include the six-banded armadillo, lesser
grison (Galictis cuja), hooded capuchin monkey (Sa-
pajus cay), black and gold howler monkey (Alouatta
Camya), and tayra. Tayras usually gnaw and break a
side of the hive without toppling it (FiG. 6). If they
topple the beehive, they do not completely destroy
it as the giant armadillo does. Sometimes, tayras,
giant anteaters, and six-banded armadillos were
blamed for giant armadillo damage. In addition to
mammals, beekeepers reported damage by frogs,
native bees, ants, and beetles, as well as termites
(that attack the wood of the hive).

DISCcUSSION

Conflict between beekeepers and native wild-
life occurs in various regions of the world, ranging
from black bears in the United States to honey bad-
gers in South Africa (Maehr & Brady, 1982; Otto &
Roloff, 2015; Carter et al., 2017). Testing and search-
ing for adequate mitigation measures to promote
co-existence with these species has been the focus
of many studies (Maehr et al., 1982; Begg & Begg,
2002). In our study we show that in some areas of
Mato Grosso do Sul, giant armadillos have learned
to predate beehives by knocking them over and de-
stroying all the honeycombs to consume the bee
larvae. We also compiled and rated the effective-
ness of some of the mitigation methods used by
beekeepers.

Most beekeepers in our study area experienced
damage by giant armadillos at some point in their
career as a beekeeper. However, itis not clear if giant
armadillo predation of beehives is a widespread be-
havior throughout their South American range. The
natural predation of a ground nest of stingless bees
Trigona amalthea (Apidae: Meliponini) has been re-
ported in the Serra do Divisor National Park, Acre,
Brazil (Melo & Nogueira, 2020). Nests of stingless
bees are common, and are often low and accessible
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FIGURE 6. Pattern of tayra (Eira barbara) damage to beehives.
Note that the pattern of damage is different from that
ofa giantarmadillo (Priodontes maximus), see FIG. 4A,B.

to giant armadillos. They could therefore represent
an important source of food for giant armadillos in
the Amazon (Melo & Nogueira, 2020). We consult-
ed three beekeeper associations in the neighboring
region of the Pantanal of Mato Grosso do Sul; there
were no recorded issues of conflict with giant ar-
madillos in the municipalities of Corumba, Miran-
da, and Aquidauana. Beyond Mato Grosso do Sul,
we received reports of beekeepers suffering attacks
from giant armadillos in Minas Gerais state, Brazil
(J. Magnino, pers. comm., 26 May 2019), Castelli, in
the Chaco Province of Argentina (Y. Di Blanco, pers.
comm., 30 August 2019), and, more recently, in Vi-
chada, Colombia (C. Rojano, pers. comm., 24 March
2020). The problem could therefore be going unre-
ported in other areas of the species distribution. It
is possible that in more pristine environments giant
armadillos do not need to resort to predation on
artificial beehives, while in highly fragmented ar-
eas there might be less resources available, making
beehives an attractive alternative. In support of this
hypothesis, in Minas Gerais the attack took place
in a highly altered landscape. Vichada is one of the
most conserved departments of Colombia, but the
attack took place in an area with a forestry planta-
tion. In Castelli, in the Chaco, the hives were at the
edge of a native forest patch surrounded by agricul-
tural fields.
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Predation from giant armadillos may also be un-
detected if the wrong animal is blamed for beehive
damage. For example, several of the beekeepers we
spoke to reported that they thought giant anteaters
were responsible for the attacks. That is because
when they arrived at the apiary, they would find a
giant anteater feeding on the honeycombs of a dam-
aged beehive. Giant anteaters have been reported
to predate a wild Apis mellifera colony (Miranda et al.,
2003); however, we have never recorded them even
attempting to predate man-made beehives. Further-
more, in areas where the giant armadillo is absent
but the giant anteater is present, no attacks from
giant anteaters have been registered. We therefore
believe giant anteaters are being wrongly accused.
Giant anteaters can be active during the day, es-
pecially on colder days (Camilo-Alves & Mourao,
2006), while the giant armadillo is strictly nocturnal
(Carter et al., 2016). A beekeeper will therefore find
a giant anteater feeding off the fallen combs when
he arrives at his apiary, which probably explains
why giant anteaters have been accused. Diurnal ac-
tivity may also explain why six-banded armadillos
have been accused too.

Giant armadillo predation of beehives is very
destructive and can affect the beekeepers' liveli-
hoods. Beekeepers report with aggravation that
there is nothing they can salvage, having to throw
everything away after a predation event, which cre-
ates a feeling of frustration and waste. As mentioned

in the RESULTS, several beekeepers commented that
it bothered them that the armadillos do not even
consume the honey. For all these reasons then, this
conflict certainly creates a sense of resentment on
the part of the beekeepers.

Because giant armadillos return to feed on fall-
en beehives for several nights in a row, they can
easily be poisoned. Beekeeper associations men-
tioned eight beekeepers known to have killed giant
armadillos. Only one individual openly admitted to
doing this, but many beekeepers commented that
they knew of colleagues who killed a giant armadil-
lo in the past. As predation is usually done by a sin-
gle animal, this solves the beekeeper's problem but
it can have serious repercussions. Even in pristine
habitats or protected areas, giant armadillo densi-
ties are always low, ranging from 1.27-7.65 individ-
uals/100 km? (Noss et al., 2004; Silveira et al., 2009;
Aya-Cuero et al., 2017; Desbiez et al., 2020). There-
fore, we can assume densities will be even lower in
highly degraded areas such as the Cerrado of Mato
Grosso do Sul. Giant armadillos have low popula-
tion growth rates (Carter et al., 2016; Desbiez et al.,
2019a). Thus, the loss of a single animal in the frag-
mented Cerrado due to poisoning could precipitate
local extinctions. In addition, many other species of
animals that also forage on the predated beehives
may be poisoned too.

Aside from poison, beekeepers who are victims
of giant armadillo damage have a range of non-lethal
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FIGURE 7. Example of an image sent by WhatsApp® to share mitigation strategies with beekeepers to prevent giant armadillo (Priodon-

tes maximus) predation.
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FIGURE 8. Logo that beekeepers can put on their product label
if they produce honey within the giant armadillo's
(Priodontes maximus) range and employ highly effec-
tive methods to prevent giant armadillo attacks on
their beehives.

techniques available to them. However, these
methods mean he/she will incur an extra monetary
or labor cost. Our study is essential to better under-
stand giant armadillo behavior relative to beehives
so that effective techniques used by some beekeep-
ers can be shared and promoted to reduce apiary
losses. Currently, the most effective and cheapest
method is to elevate the hives on stands at least 1.3
m high. Some of the techniques used by the bee-
keepers are similar to those used to prevent attacks
from bears in the United States, such as electric
fences (FiG. 5¢; Maehr et al., 1982), and those used
against honey badgers in South Africa, where hives
are also fastened to stands (FiG. 5D-G; Begg & Begg,
2002). We are currently developing a “Coexistence
guide” for beekeepers in the study area. In this
manual, each method is illustrated, and its pros and
cons discussed. We formatted and created a ver-
sion so it can easily be shared among beekeepers
on social media and via communication tools such
as WhatsApp® (FiG. 7). This material is not an ex-
haustive list and will be constantly updated as new
techniques are used and tested.

Future directions to promote coexistence
between giant armadillos and beekeepers

Human-wildlife interactions span a broad con-
flict-to-coexistence continuum (Frank, 2016). Co-
existence implies not only “to exist in the same
time and space” or to tolerate the species, but also
suggests some level of harmony in interactions
(Marchini et al., 2019), with both sides' interests be-
ing satisfied (Frank, 2016). The mitigation methods
discussed here can reduce damage to beehives but
also require extra time, labor, and financial invest-
ment from the beekeepers. Adoption could fail to
alleviate conflict if the additional costs and efforts of
implementing these techniques lead to resentment
towards the species (Kansky et al., 2014). It is there-
fore essential to find alternatives for beekeepers not
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only to manage giant armadillo attacks but also to
improve their livelihoods and benefit from the spe-
cies' presence.

In seeking to turn this conflict into a positive in-
teraction with giantarmadillos, we are incorporating
beekeepers as partners in the planning and imple-
mentation of a certification system for their hon-
ey (https://www.canastrasecolmeias.org.br). The
same approach has been used to promote coexis-
tence with other species considered problematic.
For example, “Elephant-Friendly Honey” has suc-
cessfully reduced crop-raiding by elephants and
created an economic boost to rural communities
in Kenya (see https://www.savetheelephants.org/).
The “Dolphin Safe Certification Scheme” is one of
the most successful and well-known certification
schemes for wildlife protection. This system mon-
itors more than 800 companies in 76 countries to
ensure that tuna fish are caught by methods that do
not harm dolphins, and protect the marine ecosys-
tem. Through the program, dolphin deaths in tuna
nets have declined by 99% since 1990 (see https://
www.fisheries.noaa.gov/national/marine—mam—
mal-protection/dolphin-safe-certification). Through
the “Giant Armadillo-Friendly Honey” certification
program we will encourage best practices, generate
a more environmentally-sustainable activity, and
add value to the honey produced. The initiative
will share with beekeepers the different mitigation
strategies available to them, and how to implement
them, while also providing market opportunities
through new partnerships and communication in
the media to provide visibility to “Giant Armadil-
lo-Friendly Honey". Certification will also highlight
the sustainable practices that beekeepers common-
ly use, such as fire management, habitat conser-
vation, and absence of chemical treatments. Thus,
through participatory workshops and discussions
with beekeeper associations, we are creating a set
of standards for certification. At first, the certifica-
tion will be tested for Mato Grosso do Sul but we
hope to expand the scale of the project as needed.
Beekeepers who abide by the standards will be pro-
vided with a certificate and be able to put a specific
logo on their produce that will recognize that the
beekeeper protects giant armadillos (FiG. 8). The
Wildlife Friendly Enterprise Network (WFEN) has
been pioneering the use of sustainability standards
for wildlife around the world since 2007, and we
are currently collaborating with them on this proj-
ect. Our hope is that, thanks to the certification,
beekeepers and giant armadillos may have the op-
portunity to live in peace with each other, and the
presence of giant armadillos near beehives will be-
come a benefit rather than a problem.
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