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completely flooded environment during the annual highwater season of the Amazon River Basin (Fig. 1).
The varzea floodplain forests of Amazonia, hereafter
varzea, are highly productive environments that are seasonally flooded by the muddy and nutrient-rich waters
of the Amazon River system during the annual flood
pulse (Junk et al. 1989). Data for this study was collected
in Mamirau
a Sustainable Development Reserve in Amazonas state, Brazil, an island of 11,240 km2 entirely composed of varzea located at the confluence of the Amazon
and Japur
a rivers, in Central Amazonia (Fig. 2; 2°510 S,
0
64°55 W). This area is flooded for 3–4 months each
year by a water column that averages >10 m in depth
(Ramalho et al. 2009). At a first glance, the varzea of
Mamirau
a Reserve seems inadequate for jaguars. Medium and large terrestrial mammals, main prey of jaguars
in most environments, are absent or scarce in Mamirau
a
and terrestrial species living in this system are forced to
adopt an arboreal lifestyle or migrate annually during
the high-water season (Alvarenga et al. 2018). Paradoxically, camera trap records indicate a high density of
jaguars in the study site during the low-water season,
when the varzea is not flooded (Ramalho 2012). During
this time, spectacled caimans (Caiman crocodilus), sloths
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Large felids (>30 kg) have exclusively carnivorous
diets and depend upon medium and large terrestrial prey
to fuel high metabolic demands (Sunquist and Sunquist
2002, Carbone et al. 2007). Although some of them
commonly use trees for resting, hunting, avoiding predators or competitors (e.g., leopards Panthera pardus [Le
Roux and Skinner 1989] and pumas Puma concolor [Santos et al. 2014]), and others may prey on arboreal, aquatic, and semiaquatic species (e.g., jaguars Panthera onca
[Azevedo and Verdade 2012] and tigers Panthera tigris
[Mukherjee and Sen Sarkar 2013]), there are no documented cases of large felids living a primarily arboreal
existence for extended periods. Here, we report the evolution of a unique lifestyle for a large terrestrial top
predator, in which jaguars live an arboreal and semiaquatic existence for 3–4 months of the year in a

FIG. 1. Jaguar (Panthera onca) resting in a tree at the peak
of the high-water season. Melanistic male jaguar observed in
Mamiraua Reserve during the peak of flooding hanging >30 m
high in a tree. Left panel: Wide angle view showing the jaguar
location marked by red circle. Right panel: Zoomed in view of
jaguar resting.
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FIG. 2. Jaguar (Panthera onca) home ranges in low and high-water seasons. Kernel 95% home range contours for eight jaguars in
Mamirau
a Reserve in the low-water (yellow polygons) and high-water (blue polygons) seasons and theirs overlaps (gray polygons).
Jaguar IDs are located on the top left corner of each map, where F means females and M means males (more details on Appendix S1:
Table S1). Image on top left shows the location of the study site within South America. Image on bottom left shows Mamiraua
Reserve limits and the few unflooded areas in black outside the Reserve.

(Bradypus spp.), and black caimans’ (Melanosuchus
niger) eggs constitute important components of the
jaguar diet (Silveira et al. 2010).
In 2010, we captured and collared with a GPS
telemetry tag a pregnant female jaguar (individual F2;
Fig. 2 and Appendix S1: Table S1) and monitored her
for approximately 1 yr. To our amazement, this

female jaguar stayed in the varzea for the entire year,
living in the tree canopy, swimming from tree to tree
to find food, and successfully weaning a healthy cub
during that period. This demonstrated conclusively
that jaguars, at least females, could remain in the varzea during high-water periods. Food resources during
flood periods included sloths (Bradypus variegatus and
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Choloepus didactylus), monkeys (Allouata seniculus,
Sapajus macrocephalus, and Saimiri spp.), and lesser
anteaters (Tamandua tetradactyla) (direct observations). What still remained unclear was whether some
jaguars migrated and others did not, and if migration
was a strategy employed only by certain sex and age
classes to avoid flooding.
Behavioral differences among sex and age classes exist
for many species, and it was plausible that mothers with
small cubs could remain in the varzea during flooding to
avoid risks to offspring survival associated with migration across large rivers, difficulty of establishment in
other areas, and infanticide by interaction with male
jaguars (Tortato et al. 2016). By remaining in the varzea,
mothers would be selecting for greater security in a suboptimal habitat (assuming less food resources and no
terrestrial habitat availability) to increase the chances of
survival for their litter, as predicted by the reproductivestrategy hypothesis of sexual segregation theory (Main
et al. 1996). Under the same theory, males could be
expected to migrate out of the varzea to exploit areas
with more abundant food resources to maximize body
condition for the next reproductive season. We hypothesized, therefore, that female jaguars would remain in the
varzea during the high-water season and males would
leave the varzea during that period, returning when
floodwaters receded, prey was abundant, and females
were in estrus.
During the following six years (2010–2016), we monitored eight adult jaguars (four females, 40–50 kg; four
males, 50–60 kg) continuously for the entire annual
flooding cycle using GPS telemetry tags with ARGOS
satellite link. GPS collars were set up to record locations
every 2–6 h, yielding about 6,000 locations (mean = 617,
range = 42–2,218 locations per individual).
All of the monitored individuals stayed in the varzea
for the entire flood period, and presented high home
range (HR) fidelity between high- and low-water seasons
(mean of overlap = 80%, range = 20% to 99%; Fig. 2).
The HR size spanned from 75 to 200 km2 (kernel 95%).
General linear mixed model (GLMM) analysis suggested no evidence of sexual (ßmale = 54.14, t = 2.14,
df = 6, P = 0.07) and seasonal differences (ßhigh
water = 15.38, t = 1.05, df = 6, P = 0.33), or interaction
effect between sex and season (ßmale 9 highwater = 10.69,
t = 0.75, df = 6, P = 0.48).
At least one female (individual F1; Fig. 2 and
Appendix S1: Table S1) had a cub during the monitoring
period, reinforcing our conclusion that females are able
to successfully reproduce and raise offspring, despite
challenges associated with living and foraging in the
canopy during the high-water season when the entire
reserve is flooded. She was successful in raising her cub
until she was killed by a local villager, inside Mamirau
a
Reserve, in July 2013. Her cub was 10–12 months old at
the time.
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We also rejected the hypothesis that males migrate out
of the varzea during the high-water season, and concluded that males also adopt an arboreal and semiaquatic lifestyle to survive extended periods of flooding
and potentially mate with females. Although difficult to
conceive that jaguars ≥40 kg, including females raising
cubs, could find adequate prey living an arboreal lifestyle in a flooded forest, sloths and other arboreal mammals are abundant (Queiroz 1995) and constitute
important prey for jaguars (Ramalho 2012). The diet of
jaguars in the varzea of Mamirau
a Reserve is quite
unique when compared to other flooded and non-flooding environments. While, in other areas, the main prey of
jaguars is medium to large-sized terrestrial mammals, in
Mamirau
a >80% of the diet is composed of reptiles
(mainly the spectacled caiman [Caiman crocodilus]) and
arboreal mammals (mainly the three-toed sloth [Bradypus variegatus]; Silveira et al. 2010, Ramalho 2012). During our field observations, animals had good body
condition throughout the year, even during flooding,
which indicates that the abundance of arboreal animals
in the varzea can sustain a healthy jaguar population
during flooding.
The results suggest that male jaguars stay in the varzea during flooding because it should be the time for
reproduction. By mating during flooding, females guarantee that cubs are born during the low-water season,
when prey is abundant and concentrated in lakes and
streams. The flood lasts for 3–4 months, approximately
the same duration of gestation in jaguars, which is 91–
111 d (Seymour 1989). Abundance of food is likely to
increase the chances of survival of cubs during their first
months and also guarantees they are big enough to move
and swim once the annual flood is back (at this time they
should be 4–8 months old).
We have observed males and females together during
flooding on five different occasions (at different locations and with different individuals), including one in
which male and female were making mating sounds.
There are also reports of male and female jaguars being
together during the dry season, which may suggest that
reproduction may occur all year round, although we
expect survival to be lower for cubs that are born during
flooding.
It is also worthy of note that male jaguars that live in
the varzea are relatively small when compared to other
flooded environments, such as the Pantanal of Brazil
and the Llanos of Venezuela, where they can weigh over
100 kg (Seymour 1989). In our study area, male jaguars
averaged 53.5 kg (Appendix S1: Table S1), and the largest male caught weighed 72 kg (E. E. Ramalho, unpublished data).
Our observations raise interesting questions related to
population ecology and genetics, intraspecific social interactions, source–sink dynamics, and the influence of the
flood-pulse of the Amazon River basin on jaguar ecology
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and behavior. The behavioral adaptation of a large felid
to survive and reproduce while living an arboreal and
semiaquatic lifestyle in areas that are flooded for several
months each year is new to science. Although arboreal
lifestyles have been reported for smaller felids such as
margay (Leopardus wiedii) and semiaquatic lifestyles for
medium mammalian carnivores such as the giant river
otter (Pteronura brasiliensis), no combination of such lifestyles has been reported as an obligate life history pattern
for populations of any large apex predators.
Our findings also raise questions regarding the potential conservation implications of varzea environments
for sustaining jaguar populations in the Amazon basin
and how anthropogenic or climate-mediated changes
may influence the annual flood regime that fuels these
systems, affecting jaguar populations directly. Varzea
floodplain forests have been overlooked in previous conservation strategy proposals for jaguars (Rabinowitz and
Zeller 2010). However, our data suggest these are important breeding and weaning grounds for the species in
Amazonia, which is corroborated by the high jaguar
density of this non-migratory population, extended over
one million hectares. Consequently, the effect of potential changes to the flood regimes in these systems by
changing precipitation patterns due to climate change,
or other human activities, such as the construction of
hydroelectric dams, are of concern for the conservation
of varzea jaguar populations throughout the Amazon,
and the unique behaviors they have evolved to survive in
these flooded forest ecosystems.
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