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Deforestation leads to prey shrinkage for an apex predator
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Abstract
Deforestation is a key driver of biodiversity reductionworldwide and impacts ecosystem functioning, ecological processes, and species
behavior. Here, we investigated the effects of deforestation on the diet of puma (Puma concolor) in the Brazilian Atlantic Forest. We
characterized puma diets in the largest continuousAtlantic Forest remnant and compiled literature data on their diet across the biome for
comparison. We divided localities (N = 16) into two systems, namely, preserved areas (>40% forest cover) and human-modified
landscapes (HMLs; <40%), and compared the diets in terms of percentage of occurrence, mean weight of mammalian prey (MWMP),
and niche breadth.We classified prey according to their bodymass (small- to large-sized) and partitioned the contribution of vertebrates
(mammals, birds, reptiles, and fish) and mammalian prey (10 orders). The puma diets varied widely across the Atlantic Forest, with
prey size decreasing from preserved areas to HMLs. As deforestation increased, the proportion of small-sized prey also increased,
leading to a reduction in the MWMP. Niche breadth varied independently of the context or forest cover. Ungulates, large rodents, and
xenarthrans were the main prey for pumas in preserved areas, while small rodents and birds accounted for 55% in HMLs. Ungulate
predation increased with forest cover augmentation, with the opposite pattern observed for small rodents. The puma diet parameters in
the Atlantic Forest and across Neotropical regions were similar, whereas both differed from that of North America, where large-sized
prey wasmore consumed. Deforestation drove pumas to feed on smaller prey (<1 kg), thus highlighting that the effects of deforestation
can be even larger and affect the assemblage trophic structure.
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Introduction

Deforestation is one of the main causes of reduced biodiver-
sity in tropical forests worldwide, and it is mainly driven by

the increasing proportion of agricultural lands and the expan-
sion of urbanized areas (Gibbs et al. 2010). These factors
along with overhunting are responsible for extirpating sensi-
tive species and large-bodied animals (Dirzo et al. 2014),
resulting in the erosion of large herbivore and top predator
populations (Ripple et al. 2014, 2015). In particular, the extir-
pation of large carnivores in response to habitat loss, reduced
occurrence area, prey base loss, and retaliatory hunting
(Ripple et al. 2014) may result in cascading effects, with se-
vere consequences for ecosystem functioning and ecological
processes (Estes et al. 2011).

In the Neotropical realm, jaguars (Panthera onca) and
pumas (Puma concolor) are the remaining extant apex preda-
tors. Jaguars suffered contractions along their original distri-
bution area, with biomes such as the Atlantic Forest in South
America being classified as the most urgent concern for con-
servation (Sanderson et al. 2002), which is corroborated by
recent studies (Galetti et al. 2013; Paviolo et al. 2016). The
puma is the second largest felid that lives in the Atlantic Forest
of Brazil, and although widespread in the biome and
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inhabiting both preserved areas and human-modified land-
scapes (HMLs) (e.g., Magioli et al. 2014, 2016; Bovo et al.
2018), pumas are threatened in Brazil (ICMBio 2018). Habitat
loss and fragmentation and prey base loss are the main threats
to pumas (Nielsen et al. 2015), and these negative impacts are
compounded by the effects of other factors, such as retaliatory
hunting (Marchini and Crawshaw 2015), genetic drift (Miotto
et al. 2014), and roadkill (Abra et al. 2019).

Due to its behavioral plasticity, puma consumes a large
number of prey species (Sunquist and Sunquist 2002), includ-
ing small- to large-sized vertebrates, with proportions varying
within its distribution area (Iriarte et al. 1990). In the tropical
portion of its distribution, the species feed mainly on small-
and medium-sized prey (from 1 to 15 kg), with an increased
number of species consumed in comparison to temperate re-
gions (Sunquist and Sunquist 2002; Nielsen et al. 2015).
However, in highly modified landscapes with low forest cov-
er, pumas persist by consuming large amounts of even smaller
vertebrates (< 1 kg) (e.g., Rocha-Mendes et al. 2010; Gheler-
costa et al. 2018), such as rodents, birds, and reptiles, and
these prey survive by inhabiting and feeding on agricultural
areas (Magioli et al. 2014, 2019).

Thus, in the context of the Atlantic Forest, which is a
Neotropical biome with high levels of deforestation and hab-
itat fragmentation (Ribeiro et al. 2009), we raised an important
question: how do deforestation affect qualitative aspects of the
puma diet? To answer this question, we assessed different
aspects of puma diets across the Brazilian Atlantic Forest, in
preserved areas, and HMLs and then evaluated the effects of
forest loss on the diet parameters. To do this, we collected
primary data on puma feeding habits in two localities of the
largest continuous Atlantic Forest remnant and compiled data
from the literature on the puma diet across the biome for
comparison.

At the landscape scale, areas with more than 40%
forest cover have higher odds of supporting wildlife as-
semblages containing forest-dependent species (Arroyo-
Rodríguez et al. 2020), which includes key prey for
pumas in the Neotropics (e.g., ungulates). Thus, we con-
sidered areas with more than 40% forest cover at the
landscape scale to be preserved areas and areas with less
than 40% forest cover to be HMLs (see details in the
“Data analysis” section). Since pumas tend to feed on
prey that are more common and vulnerable (Sunquist
and Sunquist 2002), we expect that (1) as deforestation
increases, the proportion of smaller prey (e.g., small ro-
dents and birds) in the puma diet will increase because
large vertebrates (e.g., ungulates) tend to vanish in re-
sponse to high levels of deforestation (Bogoni et al.
2020) and (2) the changes in prey composition in re-
sponse to deforestation will result in a reduction of the
mean weight of puma prey from preserved areas (> 40%
of forest cover) to HMLs (< 40%).

Methods

Primary data collection

We selected four sampling sites within the largest continuous
Atlantic Forest remnant in the state of São Paulo, Brazil, and
grouped them in two blocks: (1) Corredor Ecológico de
Paranapiacaba (CEP), which is composed of two contiguous
state parks, Carlos Botelho and Intervales, and (2) Núcleo
Santa Virgínia (NSV), which is an administrative division of
the Serra do Mar State Park and composed of two research
bases, Itamambuca and Vargem Grande (Fig. S1 in Online
Resource). These sites present mammalian assemblages that
are similar to what is expected in pristine areas (Galetti et al.
2017), including the main prey species of pumas, such as
armadillos (Dasypus spp., Cabassous tatouay, Euphractus
sexcinctus), deer (Mazama spp.), and peccaries (Pecari tajacu
and Tayassu pecari).

Between October 2014 and July 2016, we conducted 16
sampling campaigns lasting five days each (four campaigns in
each sampling site) to collect fecal samples, and an interval of
at least 2 months occurred between campaigns. We collected
samples on pre-existing dirt roads and trails at each site (Fig.
S2 in Online Resource), resulting in a sampling effort of
850 km traversed and the collection of 45 fecal samples. The
samples were placed in plastic bags labeled with the site of
collection, date, and trail or dirt road traversed and then stored
in a refrigerator at the Wildlife Ecology, Management and
Conservation lab (LEMaC), Forest Science Department,
University of São Paulo (ESALQ/USP). Sample collection
was authorized by SISBIO permit #43680-3, and access to
sampling sites was authorized by COTEC permit #260108 –
003.547/2014.

Predator and prey identification

To identify the predator and prey species, we first screened the
fecal samples by adapting the method proposed by Korschgen
(1980), which consists of fragmenting and soaking the sam-
ples in water with detergent and alcohol for at least a day and
subsequently washing them in running water with a 1 × 1 mm
mesh sieve. Then, we dried the resulting material in an oven at
50 °C and screened it by separating food items (e.g., hair,
bones, claws, feathers, teeth). Later, we placed the items in
plastic bags for the identification of prey species and preda-
tors. Approximately 50% of the samples collected in the field
(N = 20) had characteristic marks associated with them, e.g.,
tracks or placed in front or over scratches on the ground,
which helped us to identify them as belonging to pumas.
From the 45 samples collected in the field, those that were
collected in the same sampling campaign, containing the same
prey species and presented similar signs of decay, were ex-
cluded from the analysis because we considered them to be
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from the same animal (N = 5). Thus, 40 samples were retained
for analysis.

After the screening process, we identified guard hairs from
predators (pumas) and prey mainly based on the hair micro-
structure (cuticle imprints and medullar analysis) by adapting
the method proposed by Quadros (2002). First, we cleaned
guard hairs with 70% alcohol and dried them with absorbent
paper. Then, we deposited the hairs over a slide containing a
thin layer of partially dried transparent nail polish and covered
it with another slide. We pressed the set of slides in a manual
vise and left it to rest for ~30 min. Finally, we carefully re-
moved the hairs from the slide and observed and
photographed its imprints under a microscope at ×400 magni-
fication. For the medullar analysis, we deposited a guard hair
over a slide containing a drop of water and covered it with a
glass cover. Then, we observed and photographed the
medullar patterns under a microscope at ×400 magnification.
To identify hair cuticle imprints and medullar patterns, we
compared our records with photos from Quadros (2002),
Miranda et al. (2014), and Magioli et al. (2016) and slides
from reference collections of museum specimens. Items such
as claws, scales, feathers, and others also helped in the iden-
tification of prey. Puma hair was found in ~63% of the sam-
ples (N = 25); eight samples were only identified by vestiges
(tracks and scratches); and another seven samples were iden-
tified by fecal DNA (unpublished data). We conducted all
laboratory procedures at LEMaC – ESALQ/USP.

Data analysis

Diet parameters

First, we classified prey items into size groups for standardi-
zation: small (< 1 kg), medium (from 1 to 15 kg), and large (>
15 kg). We calculated the proportion of occurrence (PO) of
vertebrate prey, i.e., the frequency of each prey in the diet
divided by the sum of the frequencies of all prey recorded
(Maehr and Brady 1986). We calculated the niche breadth
(B) for all vertebrate prey using Levins’ index (Levins 1968)
and standardized it (B') according to Hurlbert (1978):

B ¼ 1=∑PO2

B
0 ¼ B−1ð Þ= N−1ð Þ

where N is the total number of species in the diet. To avoid
bias in the calculation of niche breadth considering that diet
studies identify species at different taxonomic levels, we
grouped mammals into orders (Primates, Xenarthra,
Marsupialia, Artiodacyla, Perissodactyla, Rodentia (small
and large), Carnivora, Lagomorpha, and Chiroptera) and other
vertebrates in birds, reptiles, and fish. We also calculated the
mean weight of mammalian prey (MWMP) as a geometric
mean following Jaksic (1983). Except for mammals, most of

the other small vertebrates are difficult to identify at the spe-
cies or even genus level (e.g., birds and reptiles). Thus, we
chose to calculate the mean weight of prey only for mamma-
lian species, which are the main prey groups for pumas. We
compiled the mean body mass of mammals from Paglia et al.
(2012).

Puma diet in a deforestation gradient

To assess the differences in the diet parameters of pumas (PO,
niche breadth, and MWMP) and test the influence of forest
cover on these parameters, we compiled studies from the lit-
erature on puma feeding habits in the Atlantic Forest for com-
parison. Different combinations of keywords in the titles and
abstracts of studies were searched in the Web of Science and
Google Scholar: puma(s), Puma concolor, diet, feeding
habit(s), and Atlantic Forest. We also performed a Google
search with the same keywords in English and Portuguese.
We selected studies published in indexed and nonindexed
journals and complemented them with gray literature, such
as graduate and undergraduate dissertations, to maximize the
number of studies in the analysis. We selected studies that
presented the number of samples collected, number of prey
items, and geographical coordinates of the study locality
(checked in Google Earth Pro). We compiled 14 studies in
different localities of the Atlantic Forest conducted between
2000 and 2018.

To perform the comparison, we classified the 16 study
localities (two from this study and 14 from the literature) into
two different systems based on the percentage of forest cover
at the landscape scale: preserved areas (> 40% of forest cover)
and HMLs (< 40%). Recent evidence shows that landscapes
with more than 40% forest cover can ensure the persistence of
forest-dependent species (Arroyo-Rodríguez et al. 2020).
Thus, to classify the study localities, we created buffers of
10 km radius (~340 km2) using the central point of the sam-
pling areas as a reference and then calculated the percentage of
native forest in the buffer zone (Fig. S3 in Online Resource).
We adopted this buffer radius based on the home range of
pumas (Oliveira and Cassaro 2006; de Azevedo et al. 2013;
Azevedo et al. 2020). We used the MapBiomas land use map
(collection 5) of 2020 (Projeto MapBiomas 2020) to calculate
the percentage of forest cover. Forest cover varied from 5.5 to
99.5% between study localities; eleven localities were classi-
fied as preserved areas; and five were classified as HMLs
(Table S1 in Online Resource).

For the comparison of diet parameters between systems, we
tested the data for normality (Shapiro-Wilk normality test),
with theWelch two-sample t test used for normally distributed
data and theWilcoxon rank-sum test used for nonnormal data,
and the MWMP was log-transformed. To assess the influence
of forest cover on the diet parameters of pumas, we fitted
logistic regressions for proportion data (PO and niche breadth)
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and used the log-transformed number of samples collected in
the studies as weight for the models. The MWMP was log-
transformed, and a generalized linear model was fitted, with
the log-transformed number of samples used as weight for the
model.

Additionally, we compared the differences in the propor-
tion of vertebrate prey between systems by dividing them into
categories (mammals, birds, reptiles, and fish) and the differ-
ences in mammalian prey by dividing them into orders as
recorded in the data: Primates, Xenarthra, Marsupialia,
Artiodacyla, Perissodactyla, Rodentia (small (< 1 kg) and
large (> 1 kg)), Carnivora, Lagomorpha, and Chiroptera. We
tested data for normality and then used the Welch two-sample
t test for normally distributed data and theWilcoxon rank-sum
test for nonnormally distributed data. To assess the influence
of forest cover on the proportion of vertebrate prey and mam-
malian orders consumed by pumas, we fitted logistic regres-
sions and used the log-transformed number of samples col-
lected in the studies as weights for the models. We also com-
pared the diet parameters of pumas in the Atlantic Forest with
parameters obtained for pumas across the Neotropics and
North America (Iriarte et al. 1990; Oliveira 2002). One-way
ANOVA and Tukey’s HSD test were used to assess the dif-
ferences in diet parameters. All analyses were performed in R
4.0.3 (R Core Team 2020) using RStudio 1.2.5042 (RStudio
Team 2020), and the package “ggplot2” (Wickham 2016) was
used for graphical implementation.

Results

Puma diet in the largest continuous Atlantic Forest
remnant

We identified 16 prey items consumed by pumas in our sam-
pling sites, of which 14 were mammals from 10 families and
five orders (Table 1). The percentage of occurrence of large-
sized prey was high in NSV (67%), particularly white-lipped
peccaries (Tayassu pecari) (44%), while both medium- and
large-sized prey were important in CEP (48% each).
Ungulates were most consumed prey in both areas (48.0 and
55.6% in CEP and NSV, respectively). The MWMP was also
higher in NSV (21.8 kg) than in CEP (12.7 kg), and the niche
breadth was narrower for pumas in CEP (0.53) than in NSV
(0.67).

Puma diet variation across the Atlantic Forest

The percentage of occurrence, MWVP, and niche breadth of
pumas varied widely across the Atlantic Forest (for all 16
study sites) within and between systems (Fig. 1; Table S1 in
Online Resource). The percentage of occurrence of large-
sized prey was higher in preserved areas (Wilcoxon rank-

sum test; W = 45, p = 0.05); the consumption of small-sized
prey (Welch two-sample t test; t = −3.18, df = 5.22, p = 0.02)
was higher in HMLs (Fig. 2a; Table S1 in Online Resource);
and the percentage of medium-sized prey was higher in pre-
served areas with marginal statistical support (t = 2.21, df =
5.71, p = 0.07).

The proportion of mammals in puma diets was significant-
ly higher in preserved areas (t = −2.94, df = 6.59, p = 0.02),
while the opposite was observed for birds in HMLs (W = 47.5,
p = 0.03) (Fig. 3a). For reptiles (W = 21.5, p = 0.52) and fish
(W = 25, p = 0.59), there were no significant differences be-
tween areas (Table S2 in Online Resource). Ungulates, large
rodents, and xenarthrans (mostly armadillos) were the most
consumed prey in preserved areas, while small rodents were
consumed to a greater degree than any other mammal in
HMLs (Fig. 3b; Table S3 in Online Resource). Ungulate con-
sumption was significantly higher in preserved areas (W = 3.5,
p < 0.01), while the opposite was observed for small rodents in
HMLs (W = 47, p = 0.03). None of the other mammalian
orders presented significant differences between preserved
areas and HMLs.

The MWMP of pumas was significantly higher in pre-
served areas than in HMLs (t = 2.83, df = 6.23, p = 0.03)
(Fig. 2b), and the standardized niche breadth did not present
any differencewithin or between systems (t = −0.10, df = 7.01,
p = 0.92) (Fig. 2c; Table S1 in Online Resource).

A comparison of the diet parameters across the global dis-
tribution of pumas showed high similarity between the
Atlantic Forest and remaining areas of the Neotropical region,
whereas the puma diet in both the Atlantic Forest alone and
the entire Neotropics differed from that in North America. The
puma diet in North America had a higher share of large-sized
prey, high mean weight of prey, and narrower niche breadth
(Fig. 4).

Forest cover effects

The proportion of small-sized prey in the puma diet signifi-
cantly increased with deforestation (R2 = 0.31, p < 0.01, slope
= −2.75), while the opposite was observed for the large-sized
prey (R2 = 0.27, p = 0.06, slope = 2.03), with marginal statis-
tical support (Fig. 5 a and c). The relationship was not signif-
icant for medium-sized prey (R2 = 0.11, p = 0.25, slope =
0.95) (Fig. 5b). None of the prey groups presented significant
relationships with forest cover, although the proportion of
mammals in the puma diet increased with increasing forest
cover (R2 = 0.19, p = 0.16, slope = 1.54), while bird consump-
tion was favored by deforestation, with marginal statistical
support (R2 = 0.28, p = 0.08, slope = −2.37) (Fig. 6a).
Ungulates presented a positive significant relationship with
forest cover (R2 = 0.48, p = 0.02, slope = 3.22), while the
reverse was observed for small rodents, with marginal statis-
tical support (R2 = 0.28, p = 0.08, slope = −2.16) (Fig. 6b). No
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other mammalian order presented significant relationships
with forest cover. The MWMP significantly increased with
increasing forest cover (R2 = 0.23, p < 0.001, slope = 1.38)
(Fig. 5d), and niche breadth was not influenced by it (R2 <
0.001, p = 0.95, slope = 0.06) (Fig. 5e).

Discussion

Pumas presented high variation in all diet parameters (percent-
age of occurrence, MWMP, and niche breadth) across the
Atlantic Forest, although larger prey (> 1 kg) was more con-
sumed in preserved areas and smaller prey (< 1 kg) was more
consumed in HMLs. Large forest remnants maintain more
sensitive species, especially large mammals (Magioli et al.
2015; Bogoni et al. 2020), which are preferred by pumas,
resulting in high MWMPs in preserved areas. Mammals were
the bulk of the puma diet in both systems but were more
consumed in preserved areas (89% vs 68% in HMLs), while
the reverse was observed for small birds in HMLs (26% vs 5%
in preserved areas). Considering the relative contribution of
various mammalian prey, ungulates, large rodents, and arma-
dillos were most consumed in preserved areas, while small
rodents were consumed to a greater degree than any other
mammal in HMLs. The proportion of small-sized prey in the

diet of pumas increased and the MWMP decreased with de-
forestation, thus evidencing the loss of large-sized species and
biomass collapse in HMLs (Galetti et al. 2017). This pattern
was further confirmed by the increase in predation on ungu-
lates with increasing forest cover, which are prey species with
the highest mean body mass and high susceptibility to defor-
estation (Ripple et al. 2015), and the increase in the proportion
of small-sized rodents and birds with decreasing forest cover.
The diet parameters of pumas in the Atlantic Forest and
Neotropics were similar, whereas the parameters of both of
these areas differed from that in North America, where pumas
consumed more large-sized prey (> 15 kg).

Puma diet in a deforestation gradient

When comparing the diet parameters of pumas in a deforesta-
tion gradient across the Atlantic Forest, we observed that the
proportion of small-sized prey increased with forest loss. In
HMLs, the remaining large-sized species occurred at low
abundances and were rare or locally extinct (Bogoni et al.
2020), such as large herbivores, which tend to disappear with
habitat loss and hunting (Ripple et al. 2015). Conversely,
small-sized prey, such as some rodent species (e.g.,
Oligoryzomys sp., Akodon sp.), are common, abundant, and
thrive in HMLs (Bovendorp et al. 2017), thus becoming more

Table 1 Prey items consumed by
pumas (Puma concolor) in the
largest continuous Atlantic Forest
remnant, state of São Paulo,
Brazil, depicting the prey mean
body mass (in kg) and the
percentage of occurrence from
small to large-sized prey

Taxon Body mass Percentage of occurrence

CEP (24) NSV (16) Total (40)

Large-sized (> 15 kg) – 0.48 0.67 0.57

Hydrochoerus hydrochaeris 50.00 – 0.11 0.05

Mazama spp. 18.00 0.16 0.06 0.12

Pecari tajacu 25.00 0.16 0.06 0.12

Tayassu pecari 35.00 0.16 0.44 0.28

Medium-sized (1 to 15 kg) – 0.48 0.22 0.37

Cabassous tatouay 5.35 0.08 – 0.05

Coendou spinosus 1.80 – 0.06 0.02

Cuniculus paca 9.30 0.16 0.11 0.14

Dasypodidae n.i. 3.65 0.04 – 0.02

Dasyprocta leporina 5.50 – 0.06 0.02

Dasypus novemcinctus 3.65 0.04 – 0.02

Euphractus sexcinctus 5.40 0.04 – 0.02

Galictis cuja 2.00 0.04 – 0.02

Herpailurus yagouaroundi 4.50 0.04 – 0.02

Tamandua tetradactyla 5.20 0.04 – 0.02

Small-sized (< 1 kg) – 0.04 0.11 0.07

Birds n.i. – 0.04 0.06 0.05

Reptiles n.i. – – 0.06 0.02

The numbers in brackets indicate the number of fecal samples analyzed per locality. CEP Corredor Ecológico de
Paranapiacaba, NSV Núcleo Santa Virgínia, n.i. non-identified
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available for pumas. This availability of small-sized prey
(small-sized birds and rodents) is reflected in the puma diet

with increasing deforestation, thus supporting our first
hypothesis.

Fig. 1 Proportion of vertebrate prey in the diet of pumas (Puma concolor)
in preserved areas (blue dots) and human-modified landscapes (HMLs;
red dots) of the Atlantic Forest, Brazil, and the mean weight of mamma-
lian prey (MWMP; in kg) (black symbols) for each study sites. Prey items
were classified as small- (yellow), medium- (green), and large-sized
(blue). 1, De Azevedo (2008); 2, Golec (2012); 3, Magezi (2013); 4,

Leite and Galvão (2002); 5, Vidolin (2004); 6, Nakano-Oliveira (2006);
7, Martins et al. (2008); 8, Corredor Ecológico de Paranapiacaba (CEP,
this study); 9, Röhe (2002); 10, Núcleo Santa Virgínia (NSV, this study);
11, Brito (2000); 12, Rocha-Mendes et al. (2010); 13, Gheler-Costa et al.
(2018); 14, Rongetta (2014); 15, Magioli et al. (2014); 16, Santos et al.
(2014)

Fig. 2 Differences in the (a) percentage of occurrence from small- to
large-sized prey, the (b) mean weight of mammalian prey (MWMP; in
kg), and the (c) standardized niche breadth of pumas (Puma concolor)

between preserved areas (green) and human-modified landscapes
(HMLs; purple) of the Atlantic Forest, Brazil. Boxplots show means
(diamonds), medians, quartiles, and outliers. *p < 0.05
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Medium- and large-sized prey were more consumed in
preserved areas (53% and 28%, respectively) compared to
HMLs (31% and 12%, respectively), and these groups are
more abundant in large forest remnants, especially forest-
dwelling species, such as peccaries, deer, and primates
(Chiarello 1999; Lima et al. 2017). Nonetheless, the con-
tribution of these groups to the puma diet in response to
forest cover was lower than expected, partially refuting
our first hypothesis for these groups. This unexpected
variation may indicate bias in the criteria we used to clas-
sify the study localities (i.e., percentage of forest cover).
For example, three areas that presented average levels of
forest cover (i.e., Brito 2000; Röhe 2002; Golec 2012; see
Table S1 in Online Resource) are structurally connected
to large and/or continuous forest blocks, which increase
the odds of having larger prey available for pumas, as
shown by the composition of the puma diet in these areas.

Since we created buffers around the center of the sam-
pling areas to calculate forest cover, the real extent of
connected forest habitat might be underestimated, thereby
influencing our results.

Additionally, the low effect of forest cover on puma prey
size can also be explained by the persistence of some larger
species in HMLs, particularly medium-sized generalists and
those tolerant to modified habitats (Magioli et al. 2019), which
include important prey to pumas, such as armadillos (e.g.,
Dasypus novemcinctus), South American coati (Nasua
nasua), and paca (Cuniculus paca) (e.g., Magioli et al. 2016;
Bovo et al. 2018). Some large-sized species also thrive in
HMLs, especially in landscapes dominated by agricultural
uses, such as capybara (Hydrochoerus hydrochaeris) (de
Bovo et al. 2016), which becomes abundant and represents
important prey for pumas (e.g., 19% of diet in Magioli et al.
(2014) and 43% Magioli et al. (unpublished data)).

Fig. 3 (a) Percentage of occurrence of prey groups consumed by pumas
(Puma concolor) between preserved areas (green) and human-modified
landscapes (HMLs; purple) of the Atlantic Forest, Brazil. (b) Percentage

of occurrence of mammal orders consumed by pumas between preserved
areas and HMLs. Boxplots show means (diamonds), medians, quartiles,
and outliers. *p < 0.05

Fig. 4. (a) Comparison of percentage of occurrence (small- to large-sized
prey), (b) mean weight of prey, and (c) niche breadth of pumas (Puma
concolor) amongAtlantic Forest, Neotropical region, and North America.

Boxplots show means (diamonds), medians, quartiles, and outliers. *p <
0.05
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Considering the relative contribution of different prey in
the puma diet, mammals were predominant, with rodents
(small and large) accounting for one-third of all prey con-
sumed in the Atlantic Forest. Rodents are an important prey
type for pumas in the Neotropics, as also shown by other
studies in parts of Central and South America (Emmons
1987; Branch et al. 1996; Pacheco et al. 2004; Moreno et al.

2006; Foster et al. 2010). In preserved areas of the Atlantic
Forest, the proportion of mammals in the diet was more pro-
nounced and slightly increased with forest cover augmenta-
tion. Ungulates, large rodents, and armadillos were important
prey in preserved areas, but only ungulate predation increased
with increasing forest cover, and it was virtually restricted to
large forest remnants. In HMLs, small rodents and birds were

Fig. 5 Relationships of forest cover with the (a–c) percentage of
occurrence of prey (small- to large-sized), (d) the mean weight of
mammalian prey (MWMP; in kg), and (e) the standardized niche

breadth of pumas (Puma concolor) in the Atlantic Forest, Brazil.
Values in red indicate relationships with statistical support; shaded
areas show the 95% confidence intervals of the regressions

Fig. 6 Relationships of forest
cover with the percentage of
occurrence of prey groups (a) and
mammal orders (b) consumed by
pumas (Puma concolor) in the
Atlantic Forest, Brazil
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the main prey, accounting for 55% of all items in the puma
diet, with the consumption of both groups increasing with
deforestation. In addition to being a driver of the loss of spe-
cies and their functions (Magioli et al. 2015), deforestation
also affects the prey range available for pumas, as large-
sized prey become rarer in highly deforested landscapes.

The range of MWMP was wide across the Atlantic Forest
(0.40 to 49.8 kg) within and between study systems but higher
in preserved areas (18 vs 4.7 kg in HMLs). This pattern was
further confirmed by the augmentation inMWMP values with
increasing forest cover, thus supporting our second hypothe-
sis. The variation in MWMP values in the Atlantic Forest was
similar to that in other parts of the Neotropics (Iriarte et al.
1990; Oliveira 2002), and both were lower than those in North
America (Iriarte et al. 1990, 1991; Núñez et al. 2000; Polisar
et al. 2003; Monroy-Vilchis et al. 2009). In North America,
pumas have less variability in their diets, and few prey species
are compared with that in tropical areas, most of which are
large-sized (mean 76.6%), resulting in high mean weight of
prey and low niche breadth (Iriarte et al. 1990; Oliveira 2002).
This pattern was reversed in the Atlantic Forest and across the
Neotropics, with high variation in the number of prey con-
sumed, especially small- and medium-sized prey, which re-
sulted in more variation in niche breadth, indicating the exis-
tence of individuals with specialized and more generalist diets
and decreasing the mean weight of prey (Iriarte et al. 1990;
Oliveira 2002; Monroy-Vilchis et al. 2009).

We conclude that deforestation led to an increase in the
consumption of small-sized prey by pumas, resulting in a
reduction in the mean weight of prey in landscapes with low
forest cover (< 40%). This change in the diet composition of
pumas reflects the loss of large-sized species and biomass
collapse in response to habitat loss and fragmentation across
the Atlantic Forest, which is consistent with previous studies
(Galetti et al. 2017; Bogoni et al. 2020). Although medium-
and large-sized prey were more consumed in preserved areas
(> 40% of forest cover), some of these localities showed
pumas consuming high proportions of smaller prey, thus
highlighting that human interference and hunting may have
already reduced or even extirpated large-sized species in large
forest remnants (Galetti et al. 2017). Our data present some
limitations regarding the number of studies used for analysis
and the sample size in certain studies. Nonetheless, the pat-
terns we found are supported by the literature, which indicates
that puma feeding patterns are context-dependent, i.e., they
consume prey that are more common, available, and vulnera-
ble (e.g., Sunquist and Sunquist 2002; Nielsen et al. 2015).
Increasing the number of studies, especially in HMLs, and the
number of fecal samples analyzed per study (≥ 50 samples;
see Zanin et al. 2020) would strengthen the results found here.

Finally, our findings show the important role of some small
forest remnants in HMLs for wildlife survival, including pu-
ma. Although pumas are widely distributed across HMLs of

the Atlantic Forest, estimates indicate that their effective pop-
ulation size in the biome is below 1000 individuals (de
Azevedo et al. 2013) and that the species depends on large
forest remnants to thrive (Azevedo et al. 2020). This situation
stresses the need to improve the quality of small remnants in
HMLs and to increase their connectivity with larger remnants
to support the puma prey base, including larger species and
forest-dwelling animals and to reduce the negative impacts of
urban and agricultural expansion.
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