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Most tropical rainforests have been defaunated of large-bodied mammals and the cascading effects of
such extirpations have been poorly studied, particularly on other animals. We used a natural experiment
in the Brazilian Atlantic rainforest to investigate the ecological responses of rodents to the functional
extinction of a dominant terrestrial mammal, the white-lipped peccary (Tayassu pecari). We detected a
45% increase in the abundance and a decrease in diversity of rodents in defaunated forests. Two of these
species (Akodon montensis and Oligoryzomys nigripes) are important hosts of Hantavirus, a lethal virus for
humans. Stable isotope ratios (d13C and d15N) derived from the hair of rodents and peccaries and their
food resources indicate that at least two rodent species shifted to a diet more similar to peccaries in
the defaunated forest. Because most tropical rainforests are facing dramatic extirpation of large mam-
mals, we can expect changes in the composition and structure of small mammal communities with
potential consequences for human health even in non-fragmented landscapes.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Understanding the role of species interactions in structuring
animal communities, particularly competition and predation, has
been a fundamental challenge facing naturalists and ecologists
for decades (Brown and Davidson, 1977; Elton, 1927). This topic
has received particular attention in human-modified ecosystems
where the local extinction of apex consumers (predators or herbi-
vores) may trigger trophic cascades and change the nature or
strength of inter-specific interactions (Dirzo et al., 2014; Estes
et al., 2011; Ripple et al., 2014).

In most tropical regions, large forest-dwelling mammals, partic-
ularly ungulates, have become locally or functionally extinct due to
habitat loss, fragmentation, and poaching (Jorge et al., 2013; Peres
and Palacios, 2007). The effects of such losses are many-fold
because these large mammals regulate interspecific trophic inter-
actions via resource competition or habitat modification (Palmer
et al., 2008; Pringle, 2008). For instance, the population growth
of small rodents occurs in response to the exclusion of large mam-
mals in African savannas (Keesing, 1998; Maclean et al., 2011;
McCauley et al., 2006) and temperate forests (Parsons et al.,
2013). However, the mechanisms that explain the changes in
rodent abundance are still debated. Two major hypotheses try to
explain the mechanism on how large ungulates control the abun-
dance of small mammals. The ‘‘relaxed competition hypothesis’’
is based on the assumption of considerable diet overlap between
rodents and ungulates, i.e. once ungulates are extirpated, rodent
species with similar diet increase in abundance (Keesing, 2000).
The ‘‘habitat interference hypothesis’’ suggests that large herbi-
vores change either by browsing or trampling the vegetation struc-
ture making small mammals more vulnerable to predation risk
(Keesing, 1998).

These hypotheses have been tested in relatively simple commu-
nities, where the diversity of rodents is low (Keesing, 2000). In
Neotropical rainforests, several forest-dwelling ungulates such as
deer (Mazama spp.), collared and white-lipped peccaries (Pecari
tajacu and Tayassu pecari, respectively) can compete with small
mammals for fruits and seeds (Beck, 2006; Gayot et al., 2004). In
pristine non-hunted forests, white-lipped peccaries are the
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dominant terrestrial mammal in terms of density and biomass
(Peres, 1996). White-lipped peccaries weigh on average 32 kg
and forage in large, cohesive herds of up to 100–300 animals
(Kiltie and Terborgh, 1983). This species has profound density
dependent effects on the survival of several plant species because
they trample and plow the forest understory, preying upon seeds,
seedlings, and saplings (Silman et al., 2003). In addition,
white-lipped peccaries have been considered ecosystem
engineers because plowing the soil and litter, they also create
and maintain wallows that are used by many other species as
breeding and foraging habitats such as amphibians and reptiles
(Beck et al., 2010; Reider et al., 2013). Nowadays, peccaries are
locally extinct in most of their former range (Altrichter et al.,
2012; Jorge et al., 2013).

In the Atlantic rainforests of Brazil most large mammal popula-
tions rely on large continuous forests in Serra do Mar, a 1 million
ha forest that lies along the coast of Brazil (Galetti et al., 2009).
Illegal hunting has recently driven several populations of
large-bodied mammals to local extinction, creating a mosaic of dif-
ferent levels of defaunation in contiguous forests (Cullen Jr. et al.,
2004; Keuroghlian et al., 2012; Jorge et al., 2013). The extirpation
of white-lipped peccaries from tropical forests thus offers an
opportunity to test for the presence of indirect effects in defau-
nated tropical landscapes.

Here, we tested the hypothesis that the extirpation of
white-lipped peccaries would increase the abundance of small
mammals (Keesing, 1998). We conducted our natural experiment
by measuring the abundance and diversity of rodents in a site
where peccaries currently occur and a site where peccaries are
functionally extinct (hereafter, peccary vs. non-peccary sites).
Our prediction is that in the non-peccary site (1) the composition
of rodents will be dominated by few species, leading to impover-
ished species richness and (2) the species with similar diet with
peccaries would have higher abundance, suggesting a competition
release. We then calculated dietary overlap between white-lipped
peccaries and small mammals by analyzing ratios of naturally
occurring carbon and nitrogen stable isotopes (expressed as d13C
and d15N values, respectively) in the hair of both peccary and
rodent consumers. We expect greater dietary overlap between pec-
caries and rodents that increase their abundance in the absence of
peccaries.
2. Materials and methods

2.1. Study sites

We conducted the study by sampling rodents in a contiguous
Atlantic rainforests of south-eastern Brazil. We chose two sites
with contrasting biomass of large mammals: Itamambuca (here-
after peccary-site) (23�190S, 45�50W) and Vargem Grande
(non-peccary site) (23�260S, 45�140W; Fig. S1, Supplemental
Material) both located in the Serra do Mar State Park. The two sites
are 15 km apart and are similar in altitude and plant composition
(Joly et al., 2012), but differ in the biomass of large mammals, par-
ticularly white-lipped peccaries, T. pecari (Rocha-Mendes et al.,
2015). The non-defaunated site is better protected against illegal
hunting and therefore has a relative biomass of mid and large
mammals 4-fold higher than defaunated sites (Rocha-Mendes
et al., 2015; Efford and Fewster, 2013; R Development Core
Team, 2014). The white-lipped peccary (T. pecari) represents 41%
of the crude biomass in the non-defaunated site and it is function-
ally extinct in the defaunated site. Both sites have suitable habitats
for peccaries (Norris et al., 2011), but are divided by a highway (BR
383) with heavy traffic that serves as a movement barrier to most
animals in both sites.
2.2. Diversity and population abundance of rodents

In each site we arranged three independent 0.6 ha grids
(60 � 100 m each) of live-traps and six transects of pitfall-traps
to capture small mammals (see Supplemental material for details).
Rodents were captured-marked-recaptured using two standard
types of traps: live-traps (Sherman and Tomahawk-live trap) and
pitfall-traps. Trapping sessions were carried out bimonthly com-
prising five consecutive nights at each site during one year
(November 2008 to September 2009). Overall our sampling effort
at each site consisted of 3420 trap-nights, 2700 for live-traps and
720 for pitfall-traps site. To minimize pseudo-replication at the
grid level we spaced all grids and pit-falls transects in each site
at least 100 m from each other.

We use the number of individuals by 100-trap-nights to calcu-
late the abundance and spatially explicit capture-recapture (SECR)
models (Efford and Fewster, 2013) in R to calculate the density for
rodents (R Development Core Team, 2014). The data of captures of
live and pitfall traps were analyzed separately. Because we did not
have enough recaptures, we then use relative abundance. Changes
in abundance were estimated as the quotient of the difference in
abundance between sites divided by the overall abundance in both
sites, and tested by Monte Carlo resampling (see Supplementary
materials).

2.3. Stable isotope analysis

We used stable isotope values (d13C, d15N) derived from the hair
of consumers to estimate the similarity in diets between con-
sumers and peccaries. In this case, a geometric approach
(Newsome et al., 2012) to estimate similarity in diets is more
appropriate than the use of stable isotope mixing models
(Phillips, 2001; Hopkins and Ferguson, 2012; Parnell et al., 2013;
Phillips et al., 2014). First, we are not confident that we sampled
all the foods consumers eat. Using potential resources, instead of
known resources, to build an isotopic mixing space (the area or
volume contained within the lines connecting dietary sources in
a multivariate plot of isotope values) will likely bias dietary esti-
mates. Second, and more importantly, discrimination factors
(small offsets of isotope values between dietary sources and ani-
mal tissues due to metabolic and digestive processes) for hair are
unknown for the major foods sources in this study, which include
berries, seeds, and fungi. Applying inappropriate discrimination
factors can severely bias dietary estimates calculated by stable iso-
tope mixing models.

We estimated dietary similarity between peccaries and rodents
by analyzing the d13C and d15N values derived from their hair. We
collected hair from peccaries and rodents during the same time
period using a series of barbed wire hair traps (Biondo et al.,
2010) and live- and pitfall-traps, respectively. Hair traps consisted
of approximately 16 m2 of barbed wire wrapped around trees, bai-
ted with corn. We used one strand of wire positioned at a height of
40 cm above the ground, which is approximately 15 cm lower than
the mean height of an adult white-lipped peccary. We deployed
the hair traps in places frequented by white-lipped peccaries such
as foraging trails and resting sites. We avoid collecting hairs from
the same peccary by genotyping half of the hair and using the other
half for isotopic analyses.

Carbon and nitrogen stable isotope ratios were measured by
continuous flow isotope ratio mass spectrometry with a Thermo
Delta Plus mass spectrometer (Bremen, Germany) coupled to a
Carlo Erba CHN 1110 elemental analyzer (Milan, Italy). Results
from stable isotope analysis are expressed in d (delta) notation as
parts per thousand or per mil (‰) and reported as:

d jX ¼
ð jX=iXÞsample

ð jX=iXÞstandard
� 1;



Fig. 1. Weighted relative change in abundance [(peccary – non-peccary)/(pec-
cary + non-peccary)] of small mammals in two site of the Atlantic Rain forest
(where Tihe = Trinomys ihenringi, Jpic = Juliomys pictipes, Erus = Euryoryzomys rus-
satus, Bsor = Brucepattersonius soricinus, Onig = Oligoryzomys nigripes,
Tnig = Thaptomys nigrita, Bbre = Blarinomys breviceps, Pfre = Phylander frenata,
Mspn = Monodelphis sp., Mihe = Monodelphis iheringi, Minc = Monodelphis incanus,
Daur = Didelphis aurita, Msca = Monodelphis scalops).
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where jX is the heavier isotope (13C or 15N), and jX is the lighter iso-
tope (12C or 14N) in the analytical sample and international mea-
surement standard (Pee Dee Belemnite and atmospheric N2 for
carbon and nitrogen, respectfully). In general, the d15N values of
consumer tissues increase with trophic level, and d13C values indi-
cate the photosynthetic pathway of the plants ingested by con-
sumers (Newsome et al., 2007).

We used a Shapiro–Wilk test to determine if stable isotope val-
ues for food groups and consumer hair were normally distributed.
We then used a Student’s t-test (if normally distributed) or Mann–
Whitney U test (if non-normally distributed) to compare isotope
values of foods within sites and foods and consumers between
sites.

We estimated dietary overlap from the isotopic similarity
between peccaries and each small mammal population (i) within
each site. We calculated the means and covariance matrices that
describe the multivariate normal isotopic distributions (d13C vs.
d15N values) for peccaries, as well as for small mammal species
in peccary and non-peccary sites. The area of overlap between
two standard ellipses was calculated using the R package SIBER
(Jackson et al., 2011). To emphasize the difference between each
species i and peccaries, we multiplied the covariance matrix of
the peccary isotopic distribution by a factor of 3, as visualized by
the peccary standard ellipse in Fig. 3A. The Similarity Index is thus
calculated as

Similarity Indexi ¼
wpecc;iðnon� peccaryÞ

wpecc;iðpeccaryÞ ;

where values greater than unity imply that small mammals adopt
more peccary-like diets (defined by a consumer with similar isotope
values as peccaries) when peccaries are absent, and values less than
unity imply that small mammals adopt peccary-like diets when
peccaries are present.

3. Results

3.1. Diversity and population abundance of rodents

We trapped 620 individuals and recorded 19 species of small
mammals, which consisted of 13 rodent and 6 marsupial species
(Table 1). Here we will present data and discuss only for rodents
because marsupial populations did not differ between sites
(F = 3.16; d.f. = 1, 5; P = 0.1355). We detected more rodent species
at the peccary site than the non-peccary site only when we ana-
lyzed data of pitfall traps (Fig. 1, and Table S1, Supplemental
Material), supporting prediction 1. All but one of the 19 species
were captured in the peccary site, while 15 species and 45% more
individuals were caught in the non-peccary site (Table 1).
Table 1
Isotope values (‰) and number of individuals captured of small mammals at sites with a

Species Mean Body Mass (g) Locomotion Diet

Akodon montensis 32 Terrestrial Insectivore
Blarinomys breviceps 22 Semifossorial Insectivore
Brucepattersonius soricinus 33 Semifossorial Insectivore
Calomys tener 10 Terrestrial Granivore
Euryoryzomys russatus 75 Terrestrial Granivore
Juliomys pictipes 18 Scansorial Granivore
Nectomys squamipes 196 Terrestrial Granivore
Oecomys spp. 54 Arboreal Folivore
Oligoryzomys nigripes 16 Scansorial Insectivore
Rhipidomys mastacalis 51 Arboreal Granivore
Sooretamys angouya 138 Terrestrial Granivore
Thaptomys nigrita 21 Terrestrial Insectivore
Trinomys iheringi 210 Terrestrial Granivore
Rodent abundance for every 100-trap-nights was on average
47% higher in the non-peccary site (F = 8.87; d.f. = 1, 5;
P = 0.0309) compared with the peccary site. At the species level,
the Monte Carlo randomization test showed that Akodon montensis
(P < 0.001), Thaptomys nigrita (P < 0.001) and Oligoryzomys nigripes
(P = 0.024) were significantly more abundant in the non-peccary
site while Trinomys iheringi (P = 0.016) and Juliomys pictipes
(P = 0.046) were significantly more abundant in the peccary site
(Fig. 2). One species (Euryzomys russatus) did not change its abun-
dance in either site. Individual-based rarefaction curves showed
that in the peccary site, despite having an overall lower abundance
of rodents, the community of small and medium sized mammals
had higher diversity because species accumulated more quickly
as sampling effort increased (Fig. S2, Supplemental material).

The 19 species recorded in this study represent four main
trophic groups where insectivores and granivores were the
best-represented in both sites, where the presence of omnivores
and folivores were rare. In the peccary site, insectivorous rodents
were ca. two times more abundant than granivores, while in the
non-peccary site insectivores were ca. four times more abundant
than granivores (non-peccary site: t = 2.13, d.f. = 198, P < 0.0001;
peccary site: t = 3.19, d.f. = 198, P < 0.0001). The difference in the
ratios of insectivores to granivores in the peccary and
nd without peccaries in the Brazilian Atlantic rainforests.

Without peccaries With peccaries # captured

d15N d13C d15N d13C Without peccaries With peccaries

+6.7 �23.8 +8.2 �24.4 67 23
+10.0 �23.6 NA NA 5 1
+10.3 �22.835 +9.8 �23.2 10 7
NA NA NA NA 1 0
+4.943 �25.0 +5.8 �25.1 84 86
NA NA NA NA 2 10
NA NA NA NA 0 1
NA NA NA NA 0 2
+5.8 �17.5 +6.7 �14.8 42 21
NA NA NA NA 0 1
NA NA +3.0 �25.3 0 4
+3.1 �8.9 +7.8 �24.0 106 45
+5.1 �26.5 +4.8 �24.4 1 9



Fig. 2. Differences in abundance of rodents between sites where peccaries are
present and absent and rodent body mass (1 = Blarinomys breviceps, 2 = Akodon
montensis, 3 = Thaptomys nigrita, 4 = Oligoryzomys nigripes, 5 = Brucepattersonius
soricinus, 6 = Euryoryzomys russatus, 7 = Juliomys pictipes, 8 = Trinomys iheringi).

Table 2
Isotopic values of the main food sources of rodents and peccaries in the Atlantic
forest, Brazil.

Resource Without peccaries With peccaries

d13C (mean ± SD) d15N d13C d15N

Fruit �27.4 ± 0.5 +2.6 ± 0.4 �27.4 ± 0.5 +2.6 ± 0.4
Seeds �29.7 ± 2.8 +1.8 ± 2.1 �29.0 ± 3.1 +3.1 ± 6.6
Insects �27.5 ± 3.0 +2.3 ± 6.5 �26.5 ± 2.7 +5.2 ± 2.7
Fungi �24.5 ± 1.5 +6.4 ± 4.5 �25.4 ± 1.6 +7.9 ± 3.6
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non-peccary sites was driven solely by the higher abundance of
insectivores in the non-peccary site compared with the peccary
site (t = 2.62, d.f. = 5, P = 0.0472), since the abundance of granivores
did not vary significantly between the two sites (t = 1.25, d.f. = 5,
P = 0.2583).

For rodents in the peccary site the most abundant functional
group was of terrestrial habit and was over 19 times more abun-
dant than arboreal species (t = 5.8, d.f. = 30, P < 0.0001), over four
times more abundant than semifossorial species (t = 4.7, d.f. = 30,
P < 0.0001), and over three times more abundant than scansorial
species (t = 4.1, d.f. = 30, P = 0.0001). In the non-peccary site, the
terrestrial habit was also the best-represented functional group
and was over 67 times more abundant than arboreal species
(t = 4.5, d.f. = 30, P < 0.0001), ca. three times more abundant than
Fig. 3. (A) d13C vs. d15N values and their associated standard densities for rodents and p
isotopic values are shown in green (Tayassu). (B). The Similarity Index for the most comm
isotopic overlap between rodents and a peccary-like diet when peccaries are absent. (For
to the web version of this article.)
semifosorial species (t = 2.8, d.f. = 30, P = 0.0048), and ca. five times
more abundant than scansorial species (t = 3.5, d.f. = 30,
P = 0.0005). Moreover, the abundance of semifossorial rodents in
the non-peccary sites was over 3.5 times that of the peccary site
(t = 3.0, d.f. = 5, P = 0.0288), and the abundance of terrestrial
rodents in the non-peccary site was over two fold that of the pec-
cary site (t = 2.3, d.f. = 5, P = 0.0349).

3.2. Stable isotope analysis of foods and consumers

We found no differences in isotope values of consumer foods
(insects, fungi, and seeds) between sites except for fruits (d13C:
t = 4.6346, df = 15.994, P < 0.005; d15N: t = 2.9787, df = 15.993,
P = 0.009, Table 2). We also found that isotope values for seeds
and fruits were similar (d13C: W = 35, P = 0.491; d15N:
t = �1.6705, df = 7.721, P = 0.1347) and depleted in 13C and 15N rel-
ative to insects and fungi (Table 2). Lastly, we found that isotope
values for seeds and insects were significantly different (d13C:
W = 144, P = 0.02199; d15N: t = 2.3216, df = 8.417, P = 0.04726).
Isotopic differences between fruit/seed and insect/fungi resource
groups (Fig. 3) allowed us to test the prediction that isotope values
for some small mammal populations in the non-peccary site would
be more similar to those of peccaries, suggesting diets with greater
contributions from seeds and fruits.
eccaries in both non-peccary (top-panel) and peccary (bottom-panel) sites. Peccary
on rodent species in each site. Values above 1 (dotted line) indicate an increase in

interpretation of the references to colour in this figure legend, the reader is referred



6 M. Galetti et al. / Biological Conservation 190 (2015) 2–7
3.3. Isotopic overlap of consumers

The mean d13C (non-peccary = �24.2 ± 2.7, peccary =
�23.7 ± 2.8) and d15N (non-peccary = 6.9 ± 1.8, peccary = 7.5 ± 1.8)
isotope values of small mammals were lower (d13C: W = 1264,
P = 0.059; d15N: W = 1226.5, P = 0.113) in the non-peccary site.
We found that changes in the mean d13C and d15N values of small
mammals were idiosyncratic with respect to peccary pres-
ence/absence at the species level, and that these differences were
not correlated with changes in abundance. Although rodents show
an increase in abundance when peccaries are absent, the mean
d13C values for each species change little between sites. In contrast,
the mean d15N values varied more widely between sites across
species. For instance, Brucepattersonius and Thaptomys have lower
mean d15N values when peccaries are present, while Akodon,
Euryoryzomys, and Oligoryzomys tend to have higher mean d15N
values when peccaries are present (Fig. 3A).

The potential decrease in d13C and d15N values in consumer hair
at the non-peccary site suggests that some rodent species may
adopt more peccary-like diets consisting of fruits and seeds in
the absence of competition (peccary-like diets are represented in
green in Fig. 3A). When peccaries are absent, the overlap in the diet
characterizing some rodent isotopic distributions (Akodon and
Euryoryzomys) increases relative to that of peccary-like diets, such
that the Similarity Index based on isotopic overlap (see Section 2)
becomes greater than unity. Ecologically, an increase in overlap
corresponds to a dietary shift toward a peccary-like diet when pec-
caries are absent, or alternatively, a shift away from a peccary-like
diet when peccaries are present. This change in the isotopic
niche-space may result from either direct or indirect competitive
exclusion. In contrast, the overlap between the other rodent spe-
cies and peccaries tends to remain unchanged or decrease when
peccaries are absent, such that the Similarity Index 61 (Fig. 3A).
4. Discussion

Results from our study support the hypothesis that the local
extinction of a dominant ungulate has an effect on the abundance
and diversity of small mammals in species-rich communities such
as tropical rainforests (Wright, 2003); a phenomenon already
observed in temperate woodlands (Buesching et al., 2011) and
African savannas (McCauley et al., 2006). In particular, we found
that the overall diversity of small mammals decreased in the
non-peccary site and the abundance of rodents increased twofold,
a similar magnitude to the effect of large mammals on rodents in
African savanna (McCauley et al., 2006). Three of the four most
common rodent species (A. montensis, O. nigripes, T. nigrita), which
represent 69% of the individuals captured in peccary site, increase
their abundance from 2 to 3-fold when peccaries are absent, while
the population of E. russatus remains similar in both areas. Two of
these rodents (A. montensis and O. nigripes) reach 67% of all individ-
uals trapped, while T. nigrita became extremely rare and E. russatus
are locally extinct in small forest fragments near the study site
(Paise, 2010). Because we fail to detect other differences between
sites that could affect the abundance of small mammals (such as
predation risk, microhabitat characteristics and primary productiv-
ity (see Supplemental Material for alternative hypotheses), our
results suggest that white-lipped peccaries structure the
composition of small rodents keeping the abundance of dominant
species low.

In addition, our results support both the ‘‘relaxed competition
hypothesis’’ and the ‘‘habitat interference hypothesis’’ (Foster
et al., 2014) via multiple pathways. Our analysis of dietary overlap
indicates that white-lipped peccaries compete with granivorous
rodents E. russatus and A. montensis. Isotope values for the
large-bodied rodent, E. russatus, slightly overlap with peccaries
when they co-occur; however, when peccaries are extirpated, E.
russatus shifted to a more peccary-like diet, consisting of seeds
and fruits (suggesting relaxed competition occurred). Thus, E. rus-
satus is not demographically affected by the presence of peccaries,
but were likely forced to feed on more difficult to consume foods
such as insects or nutrient-deficient foods, leading to lower body
condition and increasing competition with small insectivorous
rodents. We believe that because E. russatus is from 2.5 to 4.5 times
bigger than the insectivorous rodents, they can over-compete or
displace smaller rodents. Long-term experiments in desert ecosys-
tems have found that the density of small granivorous rodents
increases 3.5 times when large rodents are excluded (Munger
and Brown, 1981). A. montensis, which is twice smaller than
E. russatus, also shifted to a more peccary-like diet in the defau-
nated forest, but has lower abundance is the peccary-site.

In addition, the foraging behavior of white-lipped peccaries in
plowing soil and litterfall may indirectly interfere with the habitat
quality or structure of the fossorial rodents, such as T. nigrita,
B. soricinus and B. breviceps, but were not quantified in this study.
One species (O. nigripes) is particularly intriguing because
they have low diet overlap with peccaries, but their population is
heavily affected in peccary-site.

In summary, the results of our natural experiment thus indicate
that large herbivores can serve to maintain a higher diversity of
rodent species, suppressing the populations of dominant rodents
via resource competition with granivores and interfering in the
habitat of fossorial insectivores. Moreover, these findings have
important implications for human-health because two of the three
rodent species that increase their abundance in defaunated forests
(A. montensis and O. nigripes) are important hosts of Hantavirus, a
lethal and emerging zoonosis for humans (Suzuki et al., 2004) that
has been usually related to the decline of rodent diversity in forest
fragments (Suzán et al., 2009). Because white-lipped peccaries
have been extirpated from most of their former distribution in
the Neotropics (Altrichter et al., 2012), and are already locally
extinct in most of the Atlantic forest remnants (Jorge et al.,
2013), defaunated non-fragmented forests may in turn contribute
to an increase in the population of Hantavirus hosts and ultimately
trigger the emergence and spread of lethal diseases in human pop-
ulations (Donalisio and Peterson, 2011; Jones et al., 2013).
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