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Seed dispersal and predation are critical processes for plant recruitment which can be
affected by fire events. We investigated community composition of small mammals in
gallery forests with distinct burning histories (burned or not burned ∼3 years before)
in the Cerrado (neotropical savanna). We evaluated the role of these animals as seed
removers of six native tree species, potentially mediated by the occurrence of fire.
We sampled four previously burned sites and four unburned ones. Seed removal
was assessed using two exclusion treatments: exclusive access of small rodents and
access of all seed-removing vertebrates. The previous burning changed the structural
characteristics of the forests, increasing the density of the understory vegetation and
herbaceous cover, which determined differences in species composition, richness, and
abundance of small rodents (abundance in the burned forests was 1/6 of the abundance
in the unburnt ones). Seed removal rates across the six species were reduced in burnt
forests in both treatments and were higher for the “all vertebrates” treatment. Other
vertebrates, larger than small rodents, played a significant role as seed removers for
five of the six species. The effects of fire were consistent across species, but for the
two species with the largest seeds (Hymenaea courbaril and Mauritia flexuosa) removal
rates for both treatments were extremely low in the burned forests (55%). The observed
decline in small rodent seed predation in the burned forests may have medium to
long-term consequences on plant communities in gallery forests, potentially affecting
community composition and species coexistence in these forests. Moreover, fire caused
a sharp decline in seed removal by large mammals, indicating that the maintenance of
dispersal services provided by these mammals (mainly the agouti Dasyprota azarae) for
the large-seeded species may be jeopardized by the burning of gallery forests. This
burning would also affect several small mammal species that occur in the surrounding
typical savanna habitats but also use these forests. Fire events have been increasing
in frequency and intensity because of human activities and climate changing. This
current scenario poses a serious threat considering that these forests are fire-sensitive
ecosystems within the Cerrado.
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INTRODUCTION

Seed dispersal and predation are among the major factors limiting
the recruitment of new individuals into plant communities
(Schupp, 1988; Wang and Smith, 2002). After leaving the parent
tree, seeds are often vulnerable to predation (Mittelbach and
Gross, 1984; Hulme, 1993, 1998; Cummings and Alexander,
2002) and high rates of predation can suppress the recruitment,
establishment and even population growth of some species
(Maron and Kauffman, 2006; Bricker et al., 2010; Zwolak
et al., 2010; Pearson et al., 2011) with potential to change the
composition of the plant community (Brown and Heske, 1990;
Curtin et al., 2000; Harms et al., 2000; Howe and Brown, 2000;
Salazar et al., 2012). These changes are affected by the identity
of the seed predator, which in some cases may also act as
seed disperser (Li and Zhang, 2007; Mittelman et al., 2021).
Both dispersal and predation of seeds may also be affected by
disturbance events, such as wildfires. Fire events may affect not
only the number of available seeds for recruitment but also
the abundance of specific faunistic groups that may provide
distinct services as seed predators or seed dispersers (Auld and
Denham, 2001; Reed et al., 2004; Rusch et al., 2014). Fire-induced
changes in the relative services (i.e., seed predation or dispersal)
provided by distinct groups of seed-eating animals may alter
the probability of establishment of new plant individuals in
natural areas. The evaluation of such changes is highly relevant,
mainly in fire-prone ecosystems, such as tropical savannas. The
understanding of these and other aspects of the ecology of fire
is essential for comprehending past or future changes in these
ecosystems (Bond and Keeley, 2005).

Patterns of seed dispersal and seed predation produced by
mammals can be affected by large-scale disturbances such as
wildfires (Reed et al., 2004; Tasker et al., 2011). Fire events rapidly
destroy the plant biomass of a region, including the propagules,
but also markedly affect the fauna capable of interacting with
them (Mutch, 1970; Bendell, 1974; Crowner and Barret, 1979;
Catling et al., 1982; Happold, 1983; Simons, 1991). Fires of high
severity and extension in forests results in drastic changes such
as reduction of vegetation cover and biomass, formation of gaps
consequent increasing in edge area, and reduced availability of
shelter and food for the animals (Hoffmann and Moreira, 2002;
Barlow and Peres, 2006; Legge et al., 2008; Vasconcelos et al.,
2009; Diniz et al., 2011). In addition, forest fires also lead to
habitat fragmentation by altering the size of the remaining areas
and the spacing between them, which may increase rates of local
extinction of animal species by reducing fecundity, population
size and colonization of species from similar environments
(Banks et al., 2011; Lindenmayer et al., 2013). An increasing
number of studies point to the susceptibility of mammals from
forest environments to the effects of fire (e.g., Converse et al.,
2006; Banks et al., 2011; Mendonça et al., 2015; Chia et al., 2016),
and this sensitivity is apparently related to the severity of the fire
(Legge et al., 2008; Fontaine and Kennedy, 2012; Lindenmayer
et al., 2013).

Besides the direct fire influence on involved organisms, there
are also indirect effects, in the medium or long term, that burning
events can cause on animal-plant interactions. These effects,

which may be subtle and often neglected (Dafni et al., 2012),
are related to medium- and long-term post-fire changes in the
abundance and composition of the faunal assemblage, in the
quantity and quality of resources available to the animals, and
also in the structural characteristics of the vegetation (Barlow
and Peres, 2006; Andersen, 2021; González et al., 2021). Post-
fire vegetative cover and the availability of unburnt patches are
affected by fire attributes, such as severity and extent of the
burned area (Leonard et al., 2014; Tran et al., 2020). These factors,
in their turn, alter the abundance and behavior of rodents, ants,
and birds, which are the main predators of post-dispersed seeds
(e.g., Manson and Stiles, 1998; Monamy and Fox, 2000; Fox et al.,
2003; Lassau et al., 2004; Camargo et al., 2018). Some studies
have already shown changes in seed predation rates due to the
occurrence of fire events (e.g., Reed et al., 2005; Broncano et al.,
2008; Tasker et al., 2011; Stuhler and Orrock, 2016).

Fire events might not only change predation rates but also alter
the relative role of distinct groups within a guild of seed eaters.
In Neotropical environments, small rodents, play a major role
in the removal of post-dispersed seeds (Ostfeld et al., 1997; Díaz
et al., 1999; Forget et al., 1999; Kelt et al., 2004; Iob and Vieira,
2008; Terborgh, 2012), being generally recognized as primarily
seed predators (Vieira et al., 2003, 2006; Galetti et al., 2015b). In
contrast, large rodents, such as agoutis, also predate seeds but
provide plant dispersal services on a regular basis (Hallwachs,
1986). These distinct roles might be affected by disturbance
events. Small seed predators, for instance, might replace larger
animals as main seed removers after fire (a similar process is
suggested to occur in Atlantic Forest sites defaunated by human
disturbance; Galetti et al., 2015a). In case the large animals were
the main group to provide real dispersal services, dispersal rates
for some plant species could be lower in comparison to pre-fire
patterns. Considering that seed establishment and recruitment
are critical phases for the plant growth cycle (Hadas, 2005), the
indirect effects of wildfires as mediators of the relative role of
distinct seed-consumer groups are potentially highly relevant for
tree species in fire-prone tropical systems.

Fire episodes occur frequently in areas of Cerrado (Miranda
et al., 2002), the largest and biologically richest savanna in
the world, with an original extension of about 2,000,000 km2

mainly in central Brazil (Oliveira-Filho and Ratter, 2002). In
the Cerrado, fires are historically common, being a relevant
ecological and evolutionary factor since at least 4 million years
ago (Simon et al., 2009). Recent human action, however, has
amplified the frequency of fire and its negative effects on flora,
fauna, and water resources (Miranda et al., 2009). Fire events
usually extinguishes at the edge of gallery forests (corridors of
evergreen forests that typically occur along permanent water
courses within the Cerrado; Felfili, 1995; Hoffmann et al., 2012).
In extreme drought situations, however, very intense fires can
overcome the edges of these forests, reaching their interior
(Felfili, 1997; Hoffmann et al., 2009). In these situations, the
passage of fire is usually devastating, since forest plant species
generally do not possess characteristics that confer greater
resistance to fire as those plants present in savanna and grassland
phytophysiognomies (Walter and Ribeiro, 2010). This lack of
protection causes structural and functional changes in this forest
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type (Hoffmann et al., 2009; González et al., 2021) and also on its
associated fauna (González et al., 2021).

Fire effects on vertebrate fauna are related to animal body size.
Medium and large animals generally have a significant post-fire
reduction in abundance, which can be attributed to fire-induced
changes in vegetation structure (Barlow and Peres, 2006). For
small mammals, in areas where fire occurrence is not common,
there may also be a reduction in species richness (Ojeda, 1989) or
in abundance of some species (Lunney et al., 1987; Simons, 1991;
Camargo et al., 2018; González et al., 2021). The small mammals,
however, generally are less affected by fire than larger animals,
because of their high densities and small body sizes (which allow
them to find shelter from fire in small burrows and termite
mounds; Vieira, 1999). The effects of fire on small mammals
have been studied in the dominant savanna environments (Vieira
and Marinho-Filho, 1998; Vieira, 1999; Vieira and Briani, 2013)
and in woodland forests in the Cerrado (Mendonça et al., 2015;
Camargo et al., 2018). In gallery forests, however, there are very
few studies evaluating the effects of burning on small mammals
(but see González et al., 2021). Moreover, to the best of our
knowledge, the indirect effects of fire on keystone ecological
processes occurring in gallery forests, such as seed predation by
small mammals, have not been investigated at all.

We investigated small-mammal seed removal of native plant
species in gallery forest areas with distinct burning histories
(burned or not burned ∼3 years before). We aimed to evaluate
the role of these animals as seed removers of six tree species,
potentially mediated by the occurrence of fire. We hypothesized
that because of the profound effects of fire burned forests have
lower overall abundance and distinct species composition of
small mammals compared to non-burned forests even after
almost 3 years after the last fire event. In relation to seed removal,
we expected overall seed removal to be lower in burned forests
due to the reduction in abundance of seed-removing mammals.
In relative terms, however, we expected that small rodents
(<400 g) play a more relevant role as seed removers than large
species (e.g., large rodents—agoutis and pacas) in burned forests
in comparison to unburned ones, since those larger species would
be more adversely affected by fire (Barlow and Peres, 2006).

MATERIALS AND METHODS

Study Area
We conducted our study in the core area of the Cerrado, which is
characterized by two well-marked seasons, a cool-dry season and
a warm-wet season, which occurs between October and April,
when 90% of the annual precipitation of 1,100–1,600 mm occurs
(Miranda et al., 1993). Fieldwork was conducted in the Ecological
Reserve of the Instituto Brasileiro de Geografia e Estatística
(RECOR/IBGE, hereafter IBGE) and in the Fazenda Agua Limpa
(FAL), the research station of the Universidade de Brasilia.
These two locations and the Ecological Station of the Botanic
Garden of Brasília (EEJBB, in Portuguese) are part of the Area
of Environmental Protection (APA) Gama e Cabeça-de-Veado,
which covers about 15,000 ha of continuous native Cerrado
vegetation. Its vegetation includes mainly typical savanna habitats

(open woodlands) and grasslands, with gallery forests tracing
the courses of streams that cross the landscape. This study was
part of the Brazilian Long-term Ecological Research Program of
the Brazilian National Research Council (Programa de Pesquisas
Ecológicas de Longa Duracão—PELD/CNPq, in Portuguese)—
Cerrados from the Central Plateau—Structure, dynamics and
ecological processes—Phase 2.

In September 2011, an extensive wildfire occurred in the area,
burning about 6,240 ha of native Cerrado vegetation (Mendonça
et al., 2015), including 100% of IBGE, about 50% of FAL and 60%
of EEJBB (Figure 1). The fire lasted 3 days and severely damaged
most of the gallery forests that occurred within the burned area.
For evaluating the effects of burning on seed removal patterns
in these forests we selected for sampling eight gallery forest sites
in the two adjacent conservation areas. Four of which were in
gallery forests that burned in the fire in 2011 and four gallery
forest areas that did not burn that year (three forests burned
in RECOR and one in FAL and four non-burned forests in
FAL). The selection of forest sites in relation to fire occurrence
was based on observation of satellite images and information of
FAL and RECOR employees. The maintenance of an apparent
forest structure, even for the forests that had burned, was also a
criterion for selecting the sites to be sampled. We sampled all the
sites in 2014, 2.8 years after burning. We maintained a straight-
line distance between the sites of at least 500 m for assuming
independence among them (Figure 1).

Tree Species Studied
We experimentally tested removal rates of seeds from six native
tree species that occur associated to Cerrado gallery forests
of Central Brazil (Felfili et al., 2001). The species names are

FIGURE 1 | Location of the eight sampled sites in gallery forests of the
Cerrado (neotropical savanna) in Brazil and extent of the area burned in 2011
(shaded area on the largest map). The green area on the inset map (top left)
indicates the area covered by Cerrado in Brazil. Letters ‘a’ to ‘d’ indicate the
sites located in the unburned forests (a = Entrada, b = Ponte, c = Capetinga,
and d = Represa) and letters ‘e’ to ‘h’ indicate the sites in the previously
burned forests (e = Taquara, f = Monjolo, g = Pitoco, and h = Coruja). EEJBB
refers to the Ecological Station of the Botanical Garden of Brasília, FAL refers
to the Experimental Farm of the University of Brasília, and IBGE refers to the
Ecological Reserve of the Brazilian Institute of Geography and Statistics
(IBGE, in Portuguese). Adapted from Mendonça et al. (2015).
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as follows [average length of the major axis ± SD (n = 30
for each species) and individual seed mass, obtained in this
study, are also indicated]: Cariniana estrellensis (Raddi) Kuntze
(Lecythidaceae; 1.25 ± 0.15 cm, 0.08 g), Copaifera langsdorffii
Desf. (Fabaceae; 1.3 cm ± 0.16, 0.8 g), Dipteryx alata Vogel
(Fabaceae; 2.4 ± 0.23 cm, 1.2 g), Platypodium elegans Vogel.
(Fabaceae; 2.3 ± 0.18 cm, 1.3 g), Hymenaea courbaril L. var.
stilbocarpa (Hayne) Lee and Lang. (Fabaceae; 2.53 ± 0.31 cm,
4.5 g), and Mauritia flexuosa L. f. (Arecaceae; 2.2 ± 0.11 cm,
7.4 g). We selected these species according to their range in
size, possible occurrence in gallery forests of the studied region
(Felfili et al., 2001; Marimon et al., 2010) and local availability
for acquisition.

Field Methods
Fieldwork consisted of the structural characterization of the
studied forests (from November to December 2014), capture
of small mammals (from August to October 2014), and seed
removal experiments (from July to August 2014). Additionally,
we evaluated the consumption of seeds by the most abundant
rodent species captured in the study sites. This evaluation was
based on cafeteria experiments, in which we offered seeds of the
six studied plant species to captive individuals.

We established linear transects in each forest site in order to
carry out the structural characterization of the studied forests,
small mammal trapping, and seed removal experiments. Each
of these sampling transects was placed parallel to the forest
stream, with 34 experimental stations in each forest site. The
stations within the same transect were 15 m apart and the total
length of each transect depended on the length of the forest.
Whenever necessary, we placed a second transect parallel to the
first one and separated at least 20 m from it, maintaining the
15-m distance between stations. The established transects had
a minimum distance of ten meters from the border into the
forest interior.

Structural Characterization of the Study Sites
For the structural characterization of the studied forests, in each
forest site we established a plot of 400 m2 (100 m × 4 m)
along the sampling transect. Within this plot, we recorded the
diameter at the breast height (DBH = 1.3 m) of all live trees
with minimum height of 1.5 m, the number of trees with fire
marks and the total number of trees. We also estimated the
canopy cover of the forests through photographs taken with a
hemispherical 180◦ (fisheye) lens (FC-E8, Nikon, Japan) coupled
in a digital camera (Coolpix 950, Nikon, Japan) placed 1.3 m
above ground supported by a tripod. We took one photograph
every 15 m (seven photos per site) along the center of the
major axis of each transect. We also evaluated understory plant
density at each of the seven sampling points by taking four
digital photographs (using a Sony R© model DSC-HX1 digital
camera) 1.2 m above the soil aiming to a white sheet (1.5 by
1.5 m) at a 3-m distance as a background. Each photograph
was taken from the sampling point aiming at one of the
four cardinal points. We also evaluated ground cover of the
herbaceous vegetation using the same camera (mounted on
a tripod at a height of 1.3 m) and taking, at each sampling

point, four perpendicular photographs aiming to the soil. Each
photograph was taken 2 m from the sampling point, in the
four cardinal directions. We analyzed the photographs using the
ImageJ program (Abramoff et al., 2004) calculating the average
percentage of canopy cover and the average percentage of the
green area of the photographs (from both understory and forest
ground) of each transect.

Small Mammal Sampling
We evaluated the abundance and composition of local small
mammal assemblages by live trapping animals in each of the
eight forest sites. In each sampling transect, we placed Sherman R©

traps (H. B. Sherman Co., Tallahassee, FL, United States) of
two sizes alternately on 30 experimental stations [15 “large”
(12 cm × 10 cm × 38 cm) and 15 “small” (9 cm × 8 cm × 24 cm)
traps] and one wire mesh cage trap (45 cm × 16 cm × 16 cm)
in the remaining four stations. We also placed 20 additional wire
mesh cage traps at 20 randomly selected intermediate points (at
mid-distance between transect stations) along the transect, for a
total of 54 traps per site. We set up the traps only on the ground
because we intended to capture individuals who used this stratum
to search for food. In each site trapping campaign lasted nine
consecutive nights.

We baited traps with a mixture of peanut butter, vanilla
essence, corn flour, cod liver oil, and mashed banana. Every early
morning, we inspected the traps and rebaited them. We identified
captured animals by species and then weighed, sexed, ear-tagged
(National Band and Tag; model 1005-1), and released them at the
point of capture. Some individuals of the most common species
were taken to the laboratory for the cafeteria experiments in
captivity and released in the same point of capture after that. All
field methods were consistent with the animal care guidelines of
the American Society of Mammalogists (Sikes et al., 2011).

Seed Removal Trials
All seed removal experiments were conducted between July and
August of 2014. We evaluated rates of seed removal by distinct
fauna groups (small rodents and vertebrate fauna in general) in
burned and unburned gallery forests. For that evaluation, we
placed seeds on the ground at the experimental stations of the
sampled forest sites. Seed trial in each experimental station was
submitted to one of the two following treatments. (1) Access
of small rodents (<400 g): seeds were surrounded with a semi-
permeable exclosure using a wire-mesh cage staked to the ground
with one opening at each side along the bottom edge, thus
permitting access to small rodents only [SMRO = small rodent
access; as in Iob and Vieira (2008); see Supplementary Figure 1
and Supplementary Video 1 for details]. (2) No exclusion: an
open control where seeds were placed on the ground without
any protection (ALAG = access to all animal groups). For the
SMRO treatment we used cages with two different sizes (size
#1: 24 cm × 24 cm wide and 10 cm high, mesh = 1.5 cm, side
opening with 12 cm wide and 5 cm high; size #2: 40 cm × 40 cm
wide and 13 cm high, mesh = 2.5 cm, side opening 12 cm wide
and 8 cm high) available at the Laboratory of Vertebrate Ecology
of the University of Brasília. The largest size still would not
permit access of mammals with more than 700 g (hereafter large
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mammals), but we maintained the same proportion of both cage
sizes for all sampled sites (10 size #1 and 7 size #2 in each site).

Each experimental station received one of the two treatments
(SMRO or ALAG) randomly chosen. Thus, of the total of
34 experimental stations per area, 17 stations contained seeds
under the treatment SMRO (exclusion cages) and the other 17
contained seeds without cover (ALAG). In all treatments, we
placed the seeds in plastic Petri dishes (diameter = 90 mm and
height = 15 mm) on the soil. We covered the outer border of
the petri dishes with insect-trapping barrier (Tanglefoot R©) to
limit the access of non-flying insects to the seeds. We checked
for the efficiency of the cages by always inspecting the petri
dishes for any sign of invertebrates that might be removing the
seeds. Only a very few times we found very small ants inside the
petri dishes, which were not able to carry the seeds out. At all
experimental stations, we removed the litter within a circular area
(radius = 0.5 m) around the petri dishes, leaving the soil exposed
to facilitate the visualization of fallen seeds outside the dishes.

The available space within the petri dishes did not allow the
placement of seeds of the six studied species simultaneously in
each experimental station. Because of that, we placed seeds into
randomized groups of four species per experimental station. With
this procedure, in each site there was a total of 22–24 stations
with seeds of each plant species, keeping the same number of
stations for each treatment (SMRO or ALAG) per site for each of
the six studied plant species. The number of seeds of each species
deposited in each experimental station was (from the lowest to
the largest seed mass): C. estrellensis—10 seeds, Co. langsdorffii—
6 seeds, P. elegans—6 seeds, D. alata—6 seeds, H. courbaril—5
seeds, and M. flexuosa—3 seeds.

We conducted the seed removal experiments by sampling
alternately forest sites of the two fire treatments (burned in 2011
or unburned). In each site the experiment was conducted for
10 consecutive days and on the fifth and tenth days we verified
the quantity of seeds of each species that had been removed or
showed signs of damage. On the 5th day we replaced any removed
or damaged seeds with new intact seeds. We considered seeds that
were partially or totally eaten by vertebrates and seeds not found
in the vicinity of the plates (up to 0.5 m) as “removed.” Thus, we
included in our estimates of removal rates also seeds that might
have been removed but not predated by the removal agent.

Seed Offering in Captivity
We evaluated how the studied seeds were handled by rodents
by conducting experiments on seed offering in captivity (i.e.,
“cafeteria” type). We performed these experiments between
August and October 2014 and used 19 rodent individuals
(captured during fieldwork) of the following species (mean body
mass ± standard deviation, number of individuals): Oligoryzomys
nigripes (22.9 ± 8.3 g, N = 4), Rhipidomys macrurus (42.7 ± 15.5,
N = 3), Hylaemys megacephalus (57.0 ± 9.0 g, N = 3), Nectomys
squamipes (312.5 ± 47.7 g, N = 6), and Proechimys roberti
(307.8 ± 172.7 g, N = 3). We selected these species because they
were the most commonly rodents captured in this study and
they are all reported as seed or fruit eaters (Paglia et al., 2012;
Ribeiro et al., 2019). We avoided using seeds of unripe, old, or
infested fruits.

During the period of experimental seed offering in
captivity we kept live animals in small individual cages
(25 cm × 15 cm × 15 cm or 45 cm × 16 cm × 16 cm). After
the seed-offering period (3 days), we released the animals in the
same place of capture. During this experiment period, all cages
contained water ad libitum and small amounts of alternative food
sources (dog chow and banana, in addition to the seeds offered).
In this way, we avoided rodent starvation and hypothermia and
the animals would not have to obligatorily feed on the offered
fruits. The seeds were offered to the animals 24 h after they were
placed in the cages and remained for 48 h, so that the animals
had time to get used to the captivity and felt enough hunger to
search for food.

We provided for the rodents, simultaneously, all seed species
used in the field experiments, arranged in plastic petri dishes
(90 mm × 15 mm) placed inside the cages, in the following
amounts: C. estrellensis—6 seeds; Co. langsdorffii—3 seeds; P.
elegans—3 seeds; D. alata—3 seeds; H. courbaril—2 seeds and M.
flexuosa—1 seed. At the end of the experiment, we inspected the
cages and recorded the quantity and state of the remaining seeds
(for signs of predation). We considered as consumed the seeds
that were totally or partially (at least 30%) eaten.

Data Analysis
We tested the hypothesis that species richness and abundance
differ between burning treatments using Mood’s median test
(Mood, 1954) mainly because of the limited sample size. This
conservative this test has low power compared with alternatives
such as ANOVA or Kruskal–Wallis test, but it is robust
to heteroscedasticity, non-normality and outliers (Siegel and
Castellan, 1988). For this test, we used the number of captured
individuals as a proxy for rodent abundance per forest site.
The limited number of recaptures per site precluded the use of
capture-recapture models for assessing population sizes.

We evaluated potential differences in small-mammal
community composition according to previous fire occurrence
by performing non-metric multidimensional scaling (NMDS)
using Bray–Curtis dissimilarities on the site-by-species matrix.
We included the habitat-structure variables as passive variables in
the ordination. This approach enabled comparison of previously
burned and unburned sites (with similar small-mammal
communities appearing close to each other) and the evaluation
of their association with the structural habitat variables. We
tested for differences in species composition between the two
forest groups (unburned and burned) using a Permutational
Multivariate Analysis of Variance (PERMANOVA) with 10,000
iterations (Anderson, 2001). These analyses were performed with
the Past software (Hammer et al., 2001).

We assessed the occurrence of spatial autocorrelation within
our data sets using spatial correlograms of the Moran’s I
coefficient with their relative p-values, calculated using Spatial
Analysis in Macroecology (SAM; Rangel et al., 2010) and found
no significant correlation for any of the six plant species studied
(p > 0.28 for all species). We used a generalized linear mixed
model (GLMM) with binomial errors to analyze variation in the
proportion of seeds removed in response to previous occurrence
of fire and exclosure treatment. Although size #2 cages could
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potentially allow access to rodents of a size slightly larger than
size #1, preliminary tests indicated that there was no significant
difference in removal rates between cage types (t-test, p ≥ 0.12
for all seed species in comparisons made within each forest site).
Thus, for the analysis we pooled the data obtained in these
two exclosure sizes, considering them as a single treatment. We
considered as predictor variables fire history (fixed effect with two
levels, previously burned vs. unburned) and exclosure treatment
(fixed effects with two levels, small rodent access—SMRO vs.
access to all animal groups—ALAG). Forest sites (nested within
fire history) and experimental stations (nested within sites)
were considered random effects. We also included species as a
random effect (six levels, one for each species included in the
analysis), with random intercepts and random slopes. In doing
that, we were able to assess whether the effects of treatment were
consistent across species. To evaluate species-specific responses
to treatments, we also ran separate models for each of the
six species (as in Williams et al., 2021). For these analyses,
we used the lme4 package (Bates et al., 2014). We tested for
overdispersion using the function dispersion_glmer from library
blmeco (Korner-Nievergelt et al., 2015). Residuals of all GLMMs
were inspected with the “DHARMa” package (Hartig, 2017). No
deviations from the specified error distributions were detected for
any species. All these analyzes were performed using the software
RStudio (RStudio Team, 2020; RStudio: Integrated Development
for R. RStudio, PBC, Boston, MA, United States, URL1).

RESULTS

Small Mammal Abundance, Community
Composition and Site Characteristics
We obtained 153 captures of 104 small mammal individuals
distributed in eight species, seven rodents and one marsupial,
with a total trapping effort of 3,780 trap nights (not considering
malfunctioning traps). The marsupial Gracilinanus agilis was
the most abundant species in this study (33.3% of the total
number of individuals), followed by the rodent Oecomys sp.
(21.6%). Five rodent species were captured only in the unburned
forest patches, and none was captured exclusively in the burned
patches (Supplementary Table 1). The overall trapping success
was 4.05%, with trapping success being 84% lower for the burned
forests (1.20%; 23 captures of 15 individuals from three species)
in comparison to unburned forests (7.75%; 130 captures of 89
individuals from eight species). The overall abundance of small
mammals also was significantly lower in the burned forests than
in the unburned ones (Mood’s test for equal medians; χ2 = 4.8,
p = 0.028), with the median value for burned sites being 79%
lower than the median value for the unburned sites. A similar and
significant pattern was observed for species richness (Mood’s test
for equal medians; χ2 = 8.0, p = 0.005), with the median values
in the burned sites being about 55% lower than in the unburned
ones (Figure 2).

Our evaluation of the species composition of small mammals
in the study sites indicated a clear separation according to the

1http://www.rstudio.com

FIGURE 2 | Mean small mammal abundance and richness in the sampled
gallery forest sites in relation to previous fire history (burned or unburned
∼3 years before).

fire history, as shown by the NMDS ordination (Figure 3). This
separation was corroborated by the PERMANOVA test, which
indicated that species composition differed significantly between
burned and unburned forests (total SS = 2.096, within-group
SS = 1.389, F = 3.057, p = 0.029). The evaluation of the relative
position of environmental variables (passive variables in the
analysis) indicated that both groups of forest sites differed in
structural characteristics related to the previous occurrence of fire
(i.e., understory density, herbaceous cover and number of trees
with fire scars; Figure 3).

Seed Removal by Rodents
The evaluation of the effects of fire and exclosure treatment
on seed removal across all tree species indicated that the
previous occurrence of fire caused a decline in seed removal
(23.9% of seeds removed) in comparison with unburned
sites (52.2% removed). Moreover, vertebrate seed removal
significantly declined inside cages with access only to rodents
(29.7% of seeds removed) as compared to uncaged seeds (46.5%
removed), indicating that other vertebrates than small rodents
were significant seed removers (Figure 4 and see Table 1 for
statistical results).

In models with each species analyzed separately, for all species
seeds were less removed in previously burned gallery forests
than in the unburned forests and in uncaged stations than
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FIGURE 3 | Non-metric multidimensional scaling (NMDS; Bray-Curtis dissimilarity) for small mammal abundance in the eight sampled sites in the Brazilian Cerrado
(stress = 0.16). We included habitat-structure variables as passive variables in the ordination. Habitat variables codes: Firescr—mean number of trees with fire scars;
Treedia, tree diameter at breast height; %Under, understory density (%); %Herba, herbaceous cover (%); %Canop, canopy cover (%). Sites that burned ∼3 years
before (circles) differed from those that did not burn (triangles; PERMANOVA test, see text for details).

FIGURE 4 | Estimates of percentage of seeds removed differed in relation to
fire history (burned vs. not burned ∼3 years before; mixed-effects logistic
regression: P = 0.045) and to access of medium and small vertebrates
(squares) vs. small rodents only (circles; P < 0.001) across the six studied
plant species. Error bars show confidence intervals of the estimates (see
Table 1 for complete statistical results).

in caged ones (Figure 5). The decline in previously burned
sites, however, was significant only for C. estrellensis (Table 2).
But the interaction between fire and exclosure treatment was
significant for two of the six species (P. elegans and D. alata),

indicating that for these species the previous occurrence of fire
was more detrimental to seed removal by all vertebrate groups
in comparison to seed removal by rodents only. For other two
species (C. langsdorffii and H. courbaril), seed removal was
significantly lower in caged than in uncaged seeds, suggesting
that other vertebrates than small rodents were significant seed
removers of these species (Figure 5).

Seed Offering in Captivity
All species of seeds offered were consumed by at least three of the
five rodent species in captivity. Mean seed consumption rates of
seed species ranged from 30 to 100% (Supplementary Figure 2).
The preferred plant species were D. alata and C. estrellensis,
with > 90% of mean seed consumption rates considering the five
rodent species. On the other hand, P. elegans, H. courbaril, and M.
flexuosa had average consumption rates between 30 and 40% and
were not consumed by at least one of the rodent species tested
(Supplementary Figure 2).

DISCUSSION

We investigated the effects of fire on seed removal by distinct
vertebrate groups and observed that the burning regime in
gallery forests strongly influenced seed removal patterns by
vertebrates about 3 years after the fire occurrence. This previous
burning changed the structural characteristics of the forests,
mainly increasing the density of the understory vegetation
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TABLE 1 | Results of a generalized linear mixed model testing the effects of previous fire occurrence (burned or not burned ∼3 years before) and exclosure treatment
(caged = access only to small rodents vs. uncaged = access to all vertebrate groups) on seed-removal proportion of six plant species in gallery forests in the Cerrado
(neotropical savanna).

Predictors β CI Odds ratio CI p

(Intercept) 1.59 −1.14 to −4.32 4.90 0.32–74.99 0.254

Fire (burned) −3.73 −7.39 to −0.08 0.02 0.00–0.93 0.045

Exclosure (caged) −3.11 −4.34 to −1.86 0.04 0.01–0.15 <0.001

Fi × Ex 0.49 −1.09 to 2.08 1.64 0.34–8.01 0.541

Seed-depot stations were nested within sites (4 sites for each fire treatment) which were nested within fire treatment (burned or not burned). Plant species were included
as a random effect with random intercepts and random slope (6 levels, one for each species considered; see text for details). Boldface indicates significant effects.

FIGURE 5 | Estimates of percentage of seeds removed (error bars = 95% confidence intervals) in relation to fire history (burned vs. not burned ∼3 years before) and
exclosure treatment (access to all vertebrates vs. access of small rodents only) for each of the six studied plant species (mixed-effects logistic regression). Species
codes: CA, Cariniana estrellensis; CO, Copaifera langsdorffii; PE, Platypodium elegans; DA, Dipteryx alata; HC, Hymenaea courbaril; MF, Mauritia flexuosa.
Significant effects of the factors (and their interaction) are indicated for each species (*p < 0.05, ***P < 0.001; see Table 2 for complete statistical results).

and the herbaceous cover. Differences in these environmental
characteristics between burned and unburned forests likely
determined differences in species composition, richness, and
abundance of small rodents, which influenced the rates of seed
removal. Other vertebrates, larger than small rodents, played a
significant role as seed removers for five of the six species. Seed
removal by both groups (small rodents and other vertebrates),
however, was reduced by the large-scale wildfire. The effects of
fire were consistent across species, but for the two species with
the largest seeds (H. courbaril and M. flexuosa) removal rates (for
both groups) were extremely low in the burned forests (up to 5%).

We relied on a large-scale natural fire evaluating the responses
of seed removers (small rodents and other vertebrates) to
mid-term fire-induced changes in forested habitats. This kind
of experiment is subject to criticism to the lack of replication
in the sense that there was only one fire event. Large-scale

wildfires, however, are a kind of unpredictable natural experiment
that provides opportunities for the investigation of relevant
ecological processes that could not otherwise be evaluated (Legge
et al., 2008; Mendonça et al., 2015). Natural experiments like
wildfires are relevant components of ecological research and
should not be discarded based merely on a questionable dogmatic
use of the pseudoreplication concept (Schank and Koehnle,
2009; Davies and Gray, 2015) which could represent the loss of
opportunities to learn from large-scale disturbance events where
strictly adequate replication is not feasible (Davies and Gray,
2015). In our study, we relied on a hierarchical “experimental”
design using a mixed-effect modeling approach to deal with
this issue. The faunal responses to large-scale fires can only be
evaluated in natural “experiments” designed after the occurrence
of unplanned wildfires, since small, experimental fires could
not mimic a large wildfire. We acknowledge, however, that
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TABLE 2 | Species-specific responses of six plant species to the effects of previous fire occurrence (burned or not burned ∼3 years before) and exclosure treatment
(caged = access only to small rodents vs. uncaged = access to all vertebrate groups) on seed-removal proportion.

Plant species/Predictors β CI Odds ratio CI P

Cariniana estrellensis

(Intercept) −4.87 −8.86 to −0.88 0.01 0.00–0.42 0.017

Fire (unburned) 6.05 0.42–11.68 424.92 1.52–118730 0.035

Exclosure (uncaged) 4.27 2.24–6.3 71.55 9.37–546.47 <0.001

Fi × Ex 0.12 −2.56–2.79 1.12 0.08–16.28 0.932

Copaifera langsdorffii

(Intercept) −6.14 −9.78 to −2.5 0 0.00–0.08 0.001

Fire (unburned) 4.04 −0.87–8.96 57.00 0.42–7795.90 0.107

Exclosure (uncaged) 4.04 1.99–6.1 56.96 7.29–444.96 <0.001

Fi × Ex 0.11 −2.51–2.72 1.11 0.08–15.19 0.937

Platypodium elegans

(Intercept) 5.09 2.83–7.36 0.01 0.00–0.06 <0.001

Fire (unburned) 1.89 −1.11–4.89 6.62 0.33–132.67 0.217

Exclosure (uncaged) 1.79 0.35–3.23 5.97 1.41–25.19 0.015

Fi × Ex 2.40 0.51–4.29 11.01 1.67–72.75 0.013

Dipteryx alata

(Intercept) −5.00 −10.27–0.27 0.01 0.00–1.32 0.063

Fire (unburned) 4.96 −2.39–12.32 142.99 0.09–223417 0.186

Exclosure (uncaged) 2.71 0.05–5.36 14.97 1.05–212.35 0.046

Fi × Ex 3.36 0.09–6.63 28.82 1.10–756.63 0.044

Hymenaea courbaril

(Intercept) 4.89 1.28–8.5 0.01 0.00–0.28 0.008

Fire (unburned) 4.01 −0.99–9.01 55.07 0.37–8178.58 0.116

Exclosure (uncaged) 1.90 0.31–3.5 6.72 1.36–33.06 0.019

Fi × Ex 0.59 −1.56–2.75 1.81 0.21–15.63 0.59

Mauritia flexuosa

(Intercept) −4.99 −8.16–−1.83 0.01 0.00–0.16 0.002

Fire (unburned) 3.62 −0.61–7.84 37.21 0.55–2538.70 0.093

Exclosure (uncaged) 1.05 −0.61–2.72 2.86 0.54–15.12 0.216

Fi × Ex 0.42 −1.82–2.66 1.52 0.16–14.29 0.714

Separate generalized linear mixed models were run for each of the six species. Seed-depot stations were nested within sites (4 sites for each fire treatment) which were
nested within fire treatment (burned or not burned). Boldface indicates significant effects.

our approach has statistical limitations and the generalization
of the conclusions that are drawn from our results must
be done with care.

Fire and Small Mammals
Our results indicated that the areas that had been burned before
presented a distinct species composition and a lower abundance
of small mammals compared to areas that did not burn, as
we expected. These differences in small mammal communities
were probably associated to differences in vegetation structure, as
suggested for other forested systems (Chia et al., 2016; González
et al., 2021). There was a clear separation of the burnt from the
unburnt forests in relation to the habitat variables measured in
the field (tree diameter, canopy cover, understory plant density,
herbaceous cover, and number of trees with fire scars). The
previously burned forests showed an increase in understory
density, herbaceous ground cover and number of trees with fire
scars, as expected. This reinforces our choice and classification
of forests as burned and unburned and indicates that structural
differences are still evident even nearly 3 years after the fire

event, reinforcing the reduced resilience of Cerrado forests in
comparison to savanna formations (Coutinho, 1990; Reis et al.,
2017). The increase in understory density and herbaceous cover
was probably related to tree top-kill, which allows increased
light to the forest interior but also lower air humidity causing
dryness in the forest environment (Hoffmann et al., 2009;
Prestes et al., 2020).

This increase in understory and herbaceous vegetation
apparently did not result in more adequate resources which
could potentially increase (or at least maintain) small mammal
abundance. The average abundance of rodents in the burned
forests was reduced to approximately one-sixth compared to
unburned forests. This sharp reduction was probably related
to the relatively small area covered by gallery forests in
the study landscape (Figure 1), which results in low overall
abundance of several forest species and limits the capacity
of post-fire colonization by new individuals of forest-dweller
small mammals. The burned forest sites were not occupied by
non-forest specialists either. In a much larger riverine forest in
the Colombian llanos, small mammal richness in burned sites
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3 years after a large-scale wildfire (burning 350 ha of the forest)
was lower than in unburned sites but responses varied across
species. The occurrence of fire increased the abundance of the
rodent Zygodontomys brevicauda and did not seem to impact the
populations of Oecomys sp. whereas restricting the occurrence
of the marsupial Didelphis marsupialis (González et al., 2021).
These discrepancies with our results are probably related to
the much larger forest area sampled by González et al. (2021)
and consequent much higher recolonization opportunities for
the small mammals (from the unburned neighboring areas) in
comparison to our studied landscape.

The differences in small-mammal composition that we found
were mainly due to the absence (or low number of records)
of arboreal mammals in the burned areas. Some of these
arboreal species were captured only in the unburned forests
(i.e., Oecomys sp. and R. macrurus) or else were much less
abundant in the burned forests (i.e., G. agilis). These arboreal
species were rare or absent in the burned forests despite the
high density of understory vegetation. This suggests that indirect
factors, such as fire-induced reduction in canopy resources or
increased predation rates (Leahy et al., 2016) could be affecting
these animals. Arboreal mammals also were negatively affected
by high-severity fire (like the wildfire that occurred in our
study area) in Australian forests (Chia et al., 2016). In our
studied gallery forests, in addition to fire-induced death of
trees (Hoffmann et al., 2009) and consequent structural changes
(González et al., 2021), the decline of arboreal small mammals
was probably related to the potential post-fire reduction in the
availability of fruits, their preferred resources (Paglia et al., 2012;
Ribeiro et al., 2019). Other arboreal frugivorous rodents in the
neotropics suffered a post-fire decline in abundance (or even
local extinction), as reported for Oecomys concolor in Atlantic
Forest fragments (Figueiredo and Fernandez, 2004) and Irenomys
tarsalis in Araucaria-Nothofagus Chilean forests (Zúñiga et al.,
2021). In neotropical savanna-gallery forests in Colombian
llanos, however, the occupancy probability of Oecomys sp. did not
differ between sites burned 3 years before and unburned sites,
but the occurrence of this rodent in burned areas was related
to the maintenance of an arboreal strata (González et al., 2021).
Fire also negatively affected two arboreal small mammals (G.
agilis and R. macrurus) in “cerradão” forests (closed woodland
with arboreal cover of 50–90% and tree height mostly between
8–12; Oliveira-Filho and Ratter, 2002) burned by the same large-
scale wildfire investigated in the present study. Both these species
showed apparent fire-induced local extinction and were still
absent or occurring in very low densities about 1.7 years after fire;
Mendonça et al., 2015).

Terrestrial forest species were affected distinctly by fire. The
large (∼220 g) semi-aquatic rodent N. squamipes occurred in
both unburned and previously burned forests. This rodent is
closely associated to water streams (Ernest and Mares, 1986),
whose surrounding vegetation is generally less affected by fire
because of its high humidity. This vegetation may confer
protection and food resources for this species, which may feed on
aquatic invertebrates and also on fruits and seeds (Crespo, 1982;
Lessa et al., 2019). In fact, in our study all N. squamipes
individuals were captured at stations near (≤10 m) watercourses.

This species may have been responsible for most of rodent seed
removal in the burned areas, which was corroborated by or results
on seed consumption by N. squamipes in captivity. The other
large terrestrial rodent captured, the frugivorous-granivorous
echimyid P. roberti, was not captured in the burned forests,
suggesting a low tolerance to this kind of disturbance. The role
of P. roberti and other forest frugivorous rodents in burned
forests could potentially be replaced by a more generalist fauna of
“outsiders” small rodents, such as N. lasiurus, Oligoryzomys spp
and Calomys spp., considering that these open-area species are
able to occupy recently burned dry forests (i.e., cerradão) in the
same study region (Camargo et al., 2018). This kind of Cerrado
species replacement could maintain similar post-fire rates of seed
removal in comparison to pre-fire patterns, especially for small
seeds. In gallery forests, however, we did not detect post-fire
colonization of burned forests by any open-area species.

Fire and Vertebrate Seed Removal
We evaluated rates of seed removal for six native tree species
in relation to the previous (∼3 years before) occurrence of fire
and kind of seed remover (small rodents vs. all vertebrates) and
detected that overall seed removal was lower in the recently
burned areas and higher for the seeds available to all vertebrates.
The observed lower seed removal rates in burned forests in
comparison to the unburned ones mirrored the decrease in small
mammal abundance that we observed in the burned forests,
corroborating the second hypothesis that we raised. Similarly,
seeds accessible to all animals were removed at lower rates
in sites burned 4 months earlier than in unburned sites in
Australia (Tasker et al., 2011). This fire-induced decrease in seed
removal also occurred in our study, albeit over a longer post-
fire time frame. This decrease indicates an indirect effect of the
fire factor, even almost 3 years later, on the interaction between
seeds and their removal agents inside gallery forests. A direct
relationship between rodent abundance and seed removal, as
observed in our study, was indicated by other authors (Ostfeld
et al., 1997; Schnurr et al., 2002; Demattia et al., 2004; Pearson
et al., 2014). Neotropical small rodents are considered to be
essentially predators of seeds in the evaluated size range (Díaz
et al., 1999; Forget et al., 1999; Vieira et al., 2003; Kelt et al., 2004),
which reinforces the assumption that the removal rates obtained
in the treatment of partial exclusion (SMRO) in fact reflected seed
predation rates.

The reduction in vertebrate seed predation in previously
burned areas might be considered beneficial for post-fire
recruitment of tree species in gallery forests. This is not
necessarily true, however, when considering the entire plant
communities associated to these forests. Vertebrates generally
are non-selective seed predators and, in their absence, the
relative role of other groups of relevant seed predators in
the neotropics, such as insects and fungi, probably increases
(Williams et al., 2021). Therefore, fire occurrence might cause a
switch from generalist seed predators that do not cause strong
conspecific density-dependent mortality (following the classic
Janzen-Connell model; Janzen, 1970; Connell, 1971) to specific
predators that attack seeds in a density-dependence manner,
like fungi and insects (Terborgh, 2012). This switch might have
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profound medium to long-term consequences in gallery forest
plant communities (Williams et al., 2021). Considering that
neotropical small rodents do not prey upon all seed species in the
same way (Vieira et al., 2003; Galetti et al., 2015b; also as indicated
by our seed-offering experiments), a fire-induced rodent decrease
and consequent seed predator release per se could affect plant
community patterns of the forests. A reduction in predation of
some plant species could cause a high dominance of these species,
reducing plant diversity (Dirzo and Miranda, 1990; Putz et al.,
1990). Moreover, the rodent-poor burned forests could also be
more prone to be occupied by exotic plant invaders, since field
experiments demonstrated that seed predation by neotropical
small rodents is a source of biotic resistance to plant invasions
(Pearson et al., 2014).

The results on seed-offering to captive rodents were consonant
with those obtained in field. The two most-consumed seed species
in captivity were also those with the highest removal rates in the
partial exclosure treatment (access to small rodents only), with
estimated seed removal values of 89% (C. estrellensis) and 49%
(D. alata). This indicates that these species are subject to high
natural predation rates and rodents potentially play a relevant
role for regulating natural populations of both species. Seed
removal of C. estrellensis was relatively high in the burned forests,
being much higher (35%) than for all the other species (range
2–11%). Considering that C. estrellensis has the smallest seed
size among the studied species (seed mass = 0.08 g), we suggest
that its seeds are potentially removed by more vertebrates than
the species with larger seeds. Most forest birds that feed on the
ground probably are able to consume C. estrellensis seeds but
not the seeds of other studied species (Christianini and Galetti,
2007). The guild of C. estrellensis seed predators include even
the howler monkey Alouatta caraya (Oliveira-Filho and Galetti,
1996), which occurs in the study area (Schneider et al., 2011).
This large spectrum of seed removal agents possible ameliorate
the fire effects on C. estrellensis seed removal by vertebrates.
These fire effects seem to be higher for the plant species with
large seeds, whose spectrum of seed removal agents is more
restrict (Dirzo et al., 2007; Galetti et al., 2015b; Dylewski et al.,
2020).

The effects of fire and exclusion treatment on seed removal
were consistent across the six plant species studied. For five of the
six species, seeds were significantly more removed from the open
control stations. The exception was M. flexuosa, but even for this
species in the unburned sites removal rates in the caged stations
(i.e., access to small rodents only) were about 40% of the values
found for the open control stations. This overall pattern indicates
a relevant role of large vertebrates as seed removers in the studied
forests. High removal rates in plots accessible to all vertebrates
was also reported for H. courbaril in Peruvian Amazon Forest
(Terborgh et al., 1993) and for other forest species (see Demattia
et al., 2004) in Mexican lowland forests. In our study area, the
potential “large” seed-removal agents include collared peccaries,
tapirs, agoutis, pacas, primates (Fonseca and Redford, 1984;
Schneider et al., 2011), and frugivorous-granivorous birds (e.g.,
the gray-necked wood-rail Aramides cajaneus, the pale-vented
pigeon Patagioenas cayennensis, and the undulated tinamou
Crypturellus undulatus; Tubelis, 2011).

Seed removal by both vertebrate groups decreased in the
previously burned forests, as indicated by the overall analysis
across all species. This decrease was more accentuated for the
open control stations (i.e., access to all vertebrates), with overall
seed removal estimates changing from 85 to 13% across all plant
species. This indicates that previous occurrence of fire reduces
severely seed removal by all group of vertebrates. This reduction
was still more extreme for the species with the largest seeds—P.
elegans, H. courbaril, and M. flexuosa (2–5% of seed removal in
the burned forests). Large-sized seeds are removed and consumed
mainly by medium to large mammals, such as agoutis, pacas,
tapirs and wild pigs (Dirzo et al., 2007; Mendieta-Aguilar et al.,
2015; van der Hoek et al., 2019; Portela and Dirzo, 2020). Tapirs
(Tapirus terrestris) and collared peccaries (Pecari tajacu) are
probably locally extinct (Schneider et al., 2011) in the study
region, with agoutis (Dasyprocta azarae) being by far the most
common “large” mammal, as indicated by camera trapping data
(EMV, unpublished).

The probable low density (or local extinction) of large
frugivorous vertebrates in the burned forests are probably related
to structural changes of these forests and a reduction in fruit
resources. In south-eastern Amazon Forest, the occurrence of
fire every 3 years caused a 50% decrease in the abundance of
forest-specialist frugivorous butterflies (de Andrade et al., 2017).
Moreover, available data for central Brazilian Amazon forests
indicate that fruiting tree abundance is severely reduced in forest
sites burned 3 years before than in unburnt forest sites and
several vertebrate species (including large frugivores) declined in
response to fires. One of these species with significant decline in
abundance in the burned sites was an agouti species (Dasyprocta
agouti; Barlow and Peres, 2006).

The fire-inducted decrease in seed removal by large mammals
that we detected in our study may have marked effect on
post-fire tree recruitment. The low removal of seeds (mainly
those with the largest seed sizes) indicate that these species
were probably not being dispersed adequately in such areas.
Agoutis (Dasyprocta spp.) are the main seed dispersers of both H.
courbaril (Hallwachs, 1986; Gorchov et al., 2004) and M. flexuosa
(Mendieta-Aguilar et al., 2015; Acevedo-Quintero and Zamora,
2016) through scatter-hoarding. In general, it is recognized that
the reduction of medium and large frugivorous seed dispersing
mammals may result in less recruitment of large seed species
and may eventually have negative demographic effects for species
particularly dispersed by this guild (Stoner et al., 2007). A study
carried out in Venezuela suggested that the regeneration of
H. courbaril in the absence of agouti, the main disperser of this
species (Hallwachs, 1986) was quite limited (Asquith et al., 1999).
Other studies in neotropical forests indicated that documented
changes in mammal community composition, including the loss
of agouti, play a relevant role in the reduction of forest diversity
(Leigh et al., 1993; Asquith et al., 1997). A decrease in local
densities of H. courbaril, M. flexuosa and other large-seeded
agouti-dispersed species would also affect several animal species
that depend on them. The palm M. flexuosa, for instance, was
suggested to be a “hyperkeystone” species, considering that at
least 74 vertebrate species directly use this palm as a food or nest
resource (van der Hoek et al., 2019).
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We hypothesized that the role all vertebrates and small rodents
on seed removal would be affected by the previous occurrence of
fire, with a higher relative role of small rodents in comparison
with the latter in burned forests. For most species, however,
our results did not support this expectation, with fire reducing
seed removal rates for both vertebrate groups. Only for P.
elegans, the previous occurrence of fire declined seed removal
rates relatively more in open control stations than in the caged
stations (exclusive access to small rodents). This indicate that,
for this species, fire not only decreases total seed removal, but
also causes a shift from mixed interactions of seed predation
and seed dispersal (through scatter-hoarding) to a higher relative
frequency of an exclusive and primarily negative interaction (seed
predation from the small rodents). In this way, for P. elegans
fire simulates other sources of disturbances in neotropical forests,
such as fragmentation (Dirzo et al., 2007; Galetti et al., 2015a).

Final Remarks
Historically, gallery forests have not suffered frequently from fire
events and, for this reason, studies on the influence of fire in
their associated communities are rare. The present study was
an important opportunity to assess the effects of fire on the
composition of non-volant small mammal communities as well
as their role as seed removal agents. We recommend that future
studies should evaluate the fate of seeds removed in gallery forest
environments disturbed by fire, so that it would be possible to
discern between predation or dispersal processes. Furthermore,
the fire effects on community composition of large mammals in
this forest type should also be investigated.

We investigated the mid-term effects (∼3 years) of a large
wildfire on gallery forests of the Cerrado (neotropical savanna)
and showed that these effects include a reduction in small
mammal richness and abundance (affecting mainly the arboreal
frugivorous species). We conclude that the observed decline in
small rodent seed predation in the burned forests may have
marked medium- and long-term effects on plant communities
in gallery forests. These potential effects include changes in
community composition, species coexistence, and diversity.

Fire also caused a decline in seed removal by large mammals.
These animals (mainly the agouti D. azarae) provide dispersal
services that generally are not performed by small vertebrates,
mainly for the large-seeded species. The maintenance of such
services and consequently of the trees that depend on them
may be jeopardized by the burning of gallery forests. We believe
that the occurrence of rare and not very extensive wildfires in
such forest type probably do not affect the occurrence of small
and large mammals (nor their roles as seed predators and seed
dispersers) at a landscape scale, if there is enough time for forest
regeneration and unburned sources for mammal recolonization.
Fire events, however, have been increasing in frequency and
intensity in the Cerrado because of human activities and climate
changing (Pivello et al., 2021), being capable of destroying
otherwise resistant Gallery Forests (Redford and Fonseca, 1986).
This is a serious threat considering that these forests are fire-
sensitive ecosystems (Pivello et al., 2021) and keystone habitats
that play a crucial role in maintaining mammalian diversity
in the Cerrado (Redford and Fonseca, 1986). This role is not

restricted to exclusive forest mammals. Even though covering
a small total area within the landscape (about 5% of the entire
Cerrado area; Cássia-Silva et al., 2020), gallery forests are used
to some extent (obligately or opportunistically) by 84% of 31
small mammal genera (marsupials and rodents) reported to occur
in the Cerrado, including several genera that occur primarily in
typical savanna environments (Redford and Fonseca, 1986).
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Supplementary Video 1 | This video shows a small rodent (probably Hylaeamys
megacephalus) entering a semipermeable exclosure with seeds in its interior

during the field experiment. Inside the cage there was another rodent of the
same species.
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