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Abstract The success of translocation as a management tool
is based on reversing the factors that led to a population be-
coming threatened or locally extinct. We assessed whether
translocating a jaguar Panthera onca into the surroundings
of a protected area in the Brazilian Atlantic Forest with a
resident jaguar population was effective. We captured a
male jaguar in an urban area where there were no substan-
tiated previous records of jaguars. In the capture area only
one predation event had been recorded, when the jaguar
killed several chickens a few days before capture. After cap-
ture we translocated the jaguar to a forested area 240 km
from the capture site, adjacent to the Rio Doce State Park.
To investigate whether the potential geographical origin of
the individual was any nearby fragment of the Atlantic
Forest or nearby fragments of the Cerrado ecoregion, we
genotyped it for 12 microsatellite loci and compared the re-
sults to a database developed previously. We fitted the jag-
uar with a GPS/VHF collar from which we recovered 2.5
months of data. Post-release monitoring with camera
traps indicated the jaguar established residence within the
region of the Park and we recorded no events of predation
on livestock. The genetic analysis indicated that the jaguar
resembled individuals from the Inner Atlantic Forest,
Cerrado and Amazon. Translocation was an important
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tool for avoiding potentially negative interactions between
the jaguar and local people, and may have benefitted the
jaguar population at the release site.
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aguar Panthera onca populations are becoming threa-

tened or locally extinct in the Atlantic Forest (Paviolo
et al, 2016). The level of isolation of some populations
and the increasing human encroachment into their habi-
tats could prevent the establishment of suitable corridors
to reconnect populations, thus compromising the long-term
persistence of jaguars across the Atlantic Forest (Paviolo
et al., 2016). Translocations could promote the long-term
persistence of these small and isolated jaguar populations
(Massei et al., 2010). Translocation is widely used for apex
carnivores involved in human-wildlife conflicts but without
a consensus on its effectiveness (Fonturbel & Simonetti,
2011). We assessed whether translocating a jaguar into the
surroundings of an Atlantic Forest protected area with resi-
dent conspecifics was effective. The presence and behaviour
of this jaguar in an urban area led to public pressure for its
capture and translocation. The jaguar population at the
protected area had an estimated density of 1.61+SE 0.6
individuals/100 km* (Azevedo et al., 2022). We adopted the
IUCN (2013) guidelines for conservation translocations,
which require a feasibility study, a preparation phase, a
release phase and a monitoring phase.

The capture site is within the Botanical Garden of the
Federal University of Juiz de Fora in the municipality of
Juiz de Fora, Minas Gerais state, Brazil (Fig. 1), within a re-
maining fragment of semi-deciduous Atlantic Forest that,
together with other preserved remnants, totals c. 3.74 km®
(Rabelo & Magalhaes, 2011). The forest fragments are sur-
rounded by an urban area (McKinney, 2006). The release
site is a forested area adjacent to the c. 360 km® Rio Doce
State Park (Fig. 2) in south-eastern Brazil, the largest con-
tinuous protected remnant of Atlantic Forest in Minas
Gerais state (Gontijo & Britto, 1997). On 25 April 2019, an
adult jaguar appeared within the Botanical Garden and
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was filmed by a night watchman using a mobile phone. A
committee of experts comprising representatives of the
Federal University of Juiz de Fora, the City Hall of Juiz de
Fora, local military police, the fire department, the local
Brazilian army, the Centro Nacional de Pesquisa e
Conservagdo de Mamiferos Carnivoros and the Instituto
Estadual de Florestas began to monitor its presence and
movements. On 27 April 2019, seven camera traps
(Bushnell Trophy HD, Bushnell, Overland Park, USA) were
installed within the Botanical Garden, and the next day the
jaguar was recorded in various places (Fig. 1; Plate 1).
During the following days, information about the presence
of the jaguar (Plate 1) was disseminated widely in the
media. In late April 2019, the jaguar was recorded in the
parking lot of a hotel, in a residential neighbourhood square,
in the parking lot of a church and in urban residential areas
(Fig. 1). Two attacks on domestic fowl were recorded at point
5 of Fig. 1. The committee of experts then decided to capture
and remove the jaguar to a safer location.

On 3 May 2019, five leg-hold traps and four box traps were
set within the Botanical Garden. The jaguar was captured on
12 May in one of the box traps. We immobilized the jaguar
(hereafter called Juiz), sexed and weighed it and took blood
and hair samples and biometric measurements. Juiz was an
adult male, c. 4-5 years old based on tooth wear. He
weighed 51.6 kg, was 1.80 m in length and had no marks
that indicated injuries or aggressive encounters with other
males, no ectoparasites or any other signs of weakness or dis-
ease. We fitted Juiz with a GPS/VHF collar (Lotek, Iridium
Track M 2D, Newmarket, Canada) programmed to record
his location every hour, and transported him by vehicle.
We estimated his home range and evaluated his movement
behaviour at the release site using autocorrelated kernel
density estimation in continuous-time movement models in
package ctmm (Calabrese et al., 2016) in R 4.1.0 (R Core Team,
2021) with 95% confidence levels. We visually inspected a
semi-variogram to check his range residence behaviour. We
used a camera-trap grid in Rio Doce State Park to evaluate
his behaviour at the release site, and linear regression to inves-
tigate any potential spatial or temporal association between
his movements and nearby urban areas. Specifically, we
examined whether Juiz was more attracted to anthropogenic
areas or to areas covered predominantly by native vegetation,
and whether any relationship changed with time after trans-
location. We used the number of days after release as the pre-
dictive variable and distances to nearby urban areas and to
the Park limits as the response variables.

There are no previous confirmed records of jaguars in
Juiz de Fora. To investigate whether the potential
geographical origin of Juiz was a nearby fragment of the
Atlantic Forest or of the Cerrado, we genotyped Juiz for
12 microsatellite loci and compared the results to a compre-
hensive database developed previously (Kantek et al., 2021)
and to 13 new jaguar samples encompassing individuals
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Fig. 1 Locations in which the male jaguar Panthera onca (Juiz)
was recorded in the municipality of Juiz de Fora, Minas Gerais
state, Brazil, during 27 April-12 May 2019. (1) Botanical Garden
of the Federal University of Juiz de Fora, (2) parking lot of a
church neighbouring the Botanical Garden, (3) hotel in Sdo
Dimas neighbourhood, near the Juiz de Fora bus station, (4)
public square of an industrial neighbourhood, (5) Portal das
Torres neighbourhood, and (6) a residential condominium.

from four Brazilian ecoregions. We used the Bayesian clus-
tering implemented in structure 2.3.4 (Pritchard et al., 2000)
to assess which regional population had the highest assign-
ment probability for Juiz (Supplementary Material 1).

On the night of capture we translocated Juiz by vehicle
240 km from the capture area, and hard-released him on
13 May 2019 in a patch of forest c. 125 m from the Rio

Prate 1 The jaguar Juiz recorded at the Botanical Garden,
Federal University of Juiz de Fora, municipality of Juiz de Fora,
Minas Gerais state, Brazil, before being captured and
translocated. Photo: Pedro H. Nobre.
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Doce State Park border. Juiz moved in and out of the Park,
moving as far as 13 km from its border and then returning
on 17 July 2019. His last location (when the collar stopped
functioning) was on 24 July 2019, 6.3 km from the Park
border. After several unsuccessful attempts to locate Juiz,
the collar was accidentally recovered on 11 May 2020 on
top of the body of a recently eaten southern tamandua
Tamandua tetradactyla, c. 1 km from the south-east border
of the Park and 6.7 km from the original release site (Fig. 2).

We obtained a total of 837 GPS locations during 13
May-24 July 2019, but 2.5 months after release the semi-
variogram did not confirm that the residence range of
Juiz was within limits of the Park. However, 11 camera-trap
records indicated that Juiz established residence in the
region of the Park until July 2021 (Fig. 2). He ranged over
845.6 km® (95% CI 648.2-1,068.9 km?®). There was a signifi-
cant relationship (B=—0.02968, P < o0.001) between
distance from nearby urban areas and days after release,
with a decrease of 30 m in distance from nearby urban
areas (villages with < 3,000 people) with every additional
day after release. However, this model explained only a
low proportion of the variability in distance maintained
from nearby urban areas (r*= 0.025). There was also a
significant relationship of distance maintained from Park
limits and days after release (§=0.19918, P < 0.001), with
an increase of 200 m from the Park boundary every
additional day after release. Similarly, this model explained
a low proportion of the variability (+* = 0.063).

The genetic assignment analyses yielded consistent re-
sults amongst the several datasets (complete database vs sev-
eral population subsets). For most of the datasets, when the
number of assumed genetic clusters was low (K = 3-4), indi-
viduals of the Amazon, Cerrado and Green Corridor (Inner

Atlantic Forest) formed one genetic cluster, in which Juiz
was included. However, when K=35, we could divide
these individuals into two or more clusters, Juiz usually
clustered with samples from the Amazon and Cerrado.
However, Juiz had the highest membership coefficient
(g =0.9664) when we only considered individuals from
the Atlantic Forest and Cerrado, clustering with individ-
uals from the Green Corridor and Cerrado (Supplemen-
tary Table 1, Supplementary Fig. 1).

In the state of Minas Gerais records of jaguars are mostly
within protected areas such as Rio Doce State Park (Azevedo
et al.,, 2022) and Grande Sertio Veredas, Caparad, Itatiaia,
Cavernas do Peruagu and Sempre Vivas National Parks
(Morato et al., 2018). Juiz could have originated from the
closest area with recent records of jaguars, which is the
Serra do Mar region, c. 9o km from Juiz de Fora (the area be-
tween contains small to medium forest fragments and urban
areas). Other potential sources are Itatiaia National Park,
c. 150 km from Juiz de Fora, and the area of Parque
Estadual da Serra do Brigadeiro, close to Caparad National
Park, also c. 150 km from Juiz de Fora. Less likely, Juiz
could have come from fragments of the Cerrado ecoregion,
¢. 200 km from Juiz de Fora. We suggest that upon reaching
sexual maturity Juiz could have begun his displacement
through forest fragments and pasture areas, maintaining as
temporary territory the Area de Protecio Ambiental Mata
do Krambeck and its vicinities. His temporary residence in
the Juiz de Fora region can be explained by the abundant oc-
currence of prey such as the capybara Hydrochoerus hydro-
chaeris and paca Cuniculus paca on the banks of the
Paraibuna River in this region. Over time, with the decrease
or dispersion of prey because of his presence, Juiz may have
been forced to forage in urban areas. The occurrence of Juiz
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in the urban area could have led to situations similar to those
experienced by leopards Panthera pardus in India (Athreya
et al.,, 2013, 2016), in which a low density of prey increased
the chances of predation upon livestock and domestic dogs
Canis lupus familiaris, leading to illegal killings of leopards
in retaliation (Athreya et al., 2016).

Attempts to translocate jaguars have provided inconclu-
sive evidence regarding whether this technique guarantees
residence at release sites, mostly because of a lack of post-
release monitoring (Gasparini-Morato et al., 2021). We
were able to verify that translocation fulfilled five condi-
tions. Firstly, the risk of attacks on humans was removed.
Secondly, we confirmed the survival of Juiz for > 2 years
at the release site. Thirdly, Juiz established residence at the
release site in an area that includes Rio Doce State Park.
During the short-term period of GPS monitoring, the move-
ments of Juiz indicated some tolerance towards villages of
< 3,000 people, but he did not approach any towns (ie.
> 50,000 people), and we found no records of his presence
within villages. In addition, his GPS locations indicated no
attempts to return to his capture site. Fourthly, Juiz did not
appear to prey on livestock at the release site. Fifthly, local
people at the capture site accepted that the process of
translocation eliminated the potential risk of attacks on
humans. At the release site there have been no complaints,
to our knowledge, about the presence of Juiz, presumably
because he did not predate livestock.

Although Juiz was assigned to the Amazon/Cerrado gen-
etic groups, we cannot exclude the possibility that he came
from an Atlantic Forest population. Cerrado individuals
have high levels of admixture, especially with the Atlantic
Forest and the Amazon, and this admixture could indicate
that historically the Cerrado was a corridor for gene flow
between these ecoregions. As a result of the small sample
size for this ecoregion, the assessed molecular markers could
not be used to reliably assign a sample to the Cerrado because
of the lack of diagnostic genetic features. Moreover, most
remaining Atlantic Forest jaguar populations show high
genetic differentiation, low diversity and low effective sizes
(Haag et al., 2010; Srbek-Araujo et al., 2018). Small and iso-
lated populations are prone to inbreeding and loss of genetic
diversity because of genetic drift (Gibbs, 2001), making
individuals from such a population more similar to each
other but more different from individuals of other popula-
tions. The high isolation and small size of Atlantic Forest
populations could explain why Juiz had low genetic similar-
ity with individuals from the closest sampled population,
Reserva Natural Vale, and high similarity with individuals
from the farthest Atlantic Forest population, the Green
Corridor (Supplementary Table 1). The Green Corridor
comprises the largest Atlantic Forest remnant, and its jag-
uar population may represent the genetic composition of
Atlantic Forest jaguars prior to the severe fragmentation of
this ecoregion. In addition, our database did not include

Jaguar translocation in Brazil

some of the remnant jaguar populations from the coastal
portion of the Atlantic Forest, including Rio Doce State
Park. Juiz might have originated from a small, unsampled
coastal Atlantic Forest population remnant with a unique
genetic profile as a result of genetic drift. The other sample
from Minas Gerais state, bPon-os57 (Supplementary
Material 1), demonstrated high levels of admixture and
could not be assigned to any genetic cluster. This sample
was collected within the Atlantic Forest ecoregion, c. 300 km
south of where Juiz was captured, and it could indicate that
other unsampled jaguar populations from the costal Atlantic
Forest have distinct genetic features.

The translocation of Juiz avoided any potentially nega-
tive interactions between a wild predator and people in
Juiz de Fora, and could have benefitted the local jaguar
population at the release site. By investing substantial time
and effort into planning the translocation, we were able to
increase the chances of the survival and permanent resi-
dence of the jaguar at the release site. Continued popula-
tion monitoring and genetic evaluation of the recipient
population will be crucial for evaluating the long-term suc-
cess of the translocation and any potential negative impacts
on the local jaguar population, such as stochastic behaviour-
al events that could have greater impact in a small popula-
tion with low genetic variability. We recommend that future
jaguar translocations should be based on objective and
rigorous evaluation of the potential role of translocation
in resolving human-wildlife conflict and benefitting the
jaguar population at the release site.
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