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Abstract: Zoochory is a fundamental process that can be the main mechanism for seed and plant dispersal for many
species. Mammals of the Carnivora order are among the most important dispersing agents; however, little is known
regarding the role of canids as seed dispersers. Although the maned wolf (Chrysocyon brachyurus) has a potentially
important role in seed dispersal, given its relatively high consumption of fruits, few studies have investigated the
germination rate of ingested seeds. Here, we used seeds removed from the feces of two captive specimens (maned
wolf treatment) and those directly collected from unconsumed fruits (control) in germination essays to evaluate
the germination rate and emergence velocity index (IVE). We used mature fruits from five species of trees in the
Cerrado and Atlantic Forest in a 5 (species) X 2 (method of seed collection) factorial arrangement. The passage
of seeds through the digestive tract of the maned wolf favored the germination of Genipa americana and Psidium
guajava, delayed germination of Psidium cattleianum, and maintained the germination of Plinia cauliflora and
Ficus obtusifolia. Our results revealed that germination occurred for all tested plant species consumed by the maned
wolf; therefore, this canid species has high dispersal potential and can be an important ally in the restoration of
the Cerrado and Atlantic Forest-Cerrado contact zone ecosystems.

Keywords: Frugivory; germination; maned wolf; seed dispersal; zoochory.

Germinacao de frutos consumidos pelo lobo-guara Chrysocyon brachyurus
(Illiger, 1815) (Carnivora, Canidae)

Resumo: A zoocoria ¢ um processo fundamental para muitas espécies vegetais, podendo ser o principal mecanismo de
dispersdo de sementes e plantas. Os mamiferos da ordem Carnivora estdo entre os agentes dispersores mais importantes,
contudo, pouca atengdo tem sido dada ao papel dos canideos como dispersores de sementes. Embora o lobo-guara
(Chrysocyon brachyurus) tenha um papel potencialmente importante na dispersdo de sementes dado o seu consumo
relativamente elevado de frutos, poucos estudos investigaram a taxa de germinagao de sementes ingeridas. Aqui utilizamos
sementes retiradas de fezes de dois exemplares em cativeiro (tratamento do lobo-guard) e diretamente retiradas de frutos
ndo consumidos (controle) em ensaios de germinacdo para avaliar a taxa de germinacao e o indice de velocidade de
emergéncia (IVE). Utilizamos frutos maduros de cinco espécies de arvores que ocorrem no Cerrado ¢ Mata Atlantica
formando um arranjo fatorial de 5 (espécie) x 2 (forma de coleta de sementes). A passagem das sementes pelo trato digestivo
do lobo-guara favoreceu a germinagdo de duas espécies, Genipa americana e Psidium guajava, atrasou a germinagao
de uma espécie, Psidium cattleianum e nio afetou a germinagao de duas espécies, Plinia cauliflora e Ficus obtusifolia.
Com base nos nossos resultados, particularmente a descoberta de que todas as espécies vegetais testadas consumidas
pelo lobo-guara germinaram, concluimos que esta espécie de canideo tem um elevado potencial de dispersao, sendo
um importante aliado na restauragio de ecossistemas do Cerrado e da zona de contato entre Cerrado e Mata Atlantica.
Palavras-chave: Frugivoria; germinagdo; lobo-guard; dispersdo de sementes; zoocoria.
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Introduction

Seed dispersal is an important mechanism for many plant species
because it allows for the transport of offspring to areas distant from
the parent plant, contributing to a decreased competition for resources,
reduced density-dependent seedling mortality, and increased ability to
finding suitable microhabitats for the establishment and colonization of
new areas (Howe & Smallwood 1982, Hamiléinen et al. 2017, Souza
et al. 2021). Zoochory (dispersal by animals) is the main form of seed
dispersal in tropical forests, and birds and mammals are the main
dispersing agents (Bascompte & Jordano 2013). This process usually
involves fruit consumption followed by regurgitation or defecation of
the seeds, whereby some of the ingested seeds maintain their viability
after transit through animal digestive tracts (Traveset et al. 2007).

However, passage through digestive tracts can alter parameters
such as the percentage, speed, and synchronization of seed germination
(Paulino-Neto et al. 2016). Thus, germination can be increased,
decreased, or unaltered during passage through the digestive system due
to mechanical or chemical scarification of the seed tegument, rendering
it more permeable to gases and water, and the loss of germination
inhibitors when the fruit pulp is removed (Traveset et al. 2007).

Species of the order Carnivora are among the most important
dispersing agents (Willson 1993), because they move great distances and
consume various plants (Jordano et al. 2007). However, few studies have
investigated the role of canids as seed dispersers (Spennemann 2021).
Canids are medium to large animals that tend to be highly mobile and
have long digestion times; therefore, these mammals are equipped to
transport seeds over long distances (Price et al. 2015). The maned wolf
(Chrysocyon brachyurus lliger 1815) is a good example of a dispersal
agent, as it is the largest South American canid, has an extensive home
range (Dietz 1984, Jacomo et al. 2009), and maintains an omnivorous
diet composed of small mammals, birds, and fruits that varies according
to the seasonal availability of resources (Rodrigues et al. 2007, Queirolo
etal. 2011). The maned wolf was historically widely distributed in the
grassland and Cerrado areas of central South America (Paula et al. 2018),
and its geographical distribution in Brazil was limited by the Amazon
Forest in the north and the Caatinga and Atlantic Forest biomes in the
northeast (Queirolo et al. 2011). However, the number of maned wolf
records in the Atlantic Forest biome has been increasing in the states
of Sao Paulo, Rio de Janeiro, Minas Gerais, and Parana, particularly in
deforested, agricultural, pastural, and urban areas (Bereta et al. 2017;
Muscat et al. 2021). Despite this recent expansion toward the Atlantic
Forest (Xavier et al. 2017), the disorderly growth of urban centers and
consequent loss and alteration of the Cerrado (Coelho et al. 2008), which
is the main habitat of this species, has caused a considerable reduction
in suitable environments for the maintenance of maned wolf populations
(Paula et al. 2018). Therefore, the species is considered “vulnerable”
in Brazil (Brasil 2022, p. 74) and “near threatened” globally (Paula &
DeMatteo 2015).

The Cerrado has a great wealth of native fruit plants that are
essential for wildlife sustainment, ecological balance, and environmental
services (Kuhlmann & Ribeiro 2016). Seed-dispersing fauna are also
fundamental for the balance of this biome because seeds influence the
vegetation structure and forest dynamics and are the basis of plant
diversity maintenance (Estrada & Fleming 2012, Villar et al. 2019,
Lautenschlager et al. 2022). Despite its richness, approximately 50%
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of'the original Cerrado has been converted to pastures and agricultural
fields (Souza et al. 2020). Environmental laws and international
commitments stipulate that Brazil should restore approximately
12 million hectares of its natural habitat, of which 5 million hectares
are within the Cerrado region (Federal Decree 8.972/2017) (Schmidt
etal. 2019). To meet these conditions, cost-effective, practical methods
that are effective on a large scale are required (Schmidt et al. 2019).
Seed-dispersing canids have the potential to assist in the ecological
restoration of degraded environments, thereby perpetuating and favoring
the conservation of plant species (Estrada & Fleming 2012).

Animal and vegetal material is equally represented in the feces
of maned wolves, with variations according to season and location
(Motta-Junior & Martins 2002, Rodrigues et al. 2007, Michalski et al.
2013). Fruits are important in the maned wolf diet, and a consistently
high ingestion rate is present, even in animals from disturbed landscapes
(Queirolo & Motta-Junior 2007, Massara et al. 2012, Kotviski et al.
2019). The most complex and heterogeneous agroecosystems, such
as permanent preservation areas and legal reserves, provide resources
for carnivores (Gheler-Costa et al. 2012) and can be used as dispersal
corridors amid fragmented landscapes occupied by monocultures (De
Castro & Fernandez 2004, Ferreira et al. 2018). Thus, considering
the long distances traveled (Carvalho & Vasconcellos, 1995), fruit
consumption by this canid can aid in the restoration of agroecosystems
through the distribution of seeds over new areas, where they colonize
and contribute to plant diversity in these locations.

Although studies on maned wolf diets are readily attainable (Dietz
1985, Motta-Junior et al. 1996, Aragona & Setz 2001, Motta-Junior &
Martins 2002, Rodrigues et al. 2007, Massara et al. 2012, Kotviski et al.
2019), few have assessed the effectiveness of this animal species as a seed
dispersal agent (Motta-Junior & Martins 2002, Santos et al. 2003, Santos
etal. 2013). Motta-Junior and Martins (2002) evaluated the germination
parameters of seeds from plant species consumed by maned wolves at
different locations in the Cerrado, while Santos et al. (2003) and Santos
et al. (2013) evaluated seed germination parameters of a single plant
species, Solanum lycocarpum (the wolf fruit). Despite these studies,
knowledge on this important topic is limited, because the effectiveness
of a dispersing agent in contributing to the reproductive success of plants
is determined not only by diet, but also by the germination potential of
seeds after passing through the digestive tract and the spatial pattern of
deposition of the defecated seeds (Schupp et al. 2010).

Based on the preceding factors, and considering a diet consisting
of a high consumption of fruits, as well as a wide home-range, we
investigated the potential role of the maned wolf as a seed-dispersing
agent of the Cerrado and Cerrado-Atlantic forest contact zone
ecosystems. Accordingly, we tested the hypothesis that the effects
of seed passage through the digestive tract of the maned wolf favor
germination parameters (increased percentage of germinated seeds
and increased speed of germination) over those of unconsumed seeds,
thus indicating the importance of this species as a seed disperser in
natural habitats.

Materials and Methods
1. Study area

This study was conducted at the Ilha Solteira Wildlife Conservation
Center (CCFS-ISA) (20°25°58” S, 51°20°33” W), where we provided
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food (fruits) and collected feces from captive maned wolves. The CCFS-
ISA, as well as the sites where fruits were collected, are located in a
transition zone between the Cerrado and Atlantic Forest in the northwest
of Sdo Paulo State, Brazil.

2. Choice of plant species, fruit offering, and collection
of feces/seeds

To evaluate the effect of passage through the digestive tract of
C. brachyurus on the percentage and speed of fruit seed germination, we
selected plant species from the Cerrado and a semideciduous seasonal
forest, which is a sub-type of the Atlantic Forest, in the northwest region
of the state of Sao Paulo. According to Motta-Junior and Martins (2002)
and Kotviski et al. (2019), the selected species are representatives of
botanical families that are part of the natural diet of the maned wolf.
The following plant taxa were chosen: Genipa americana L. (Rubiaceae
family); Psidium guajava L., Psidium cattleianum Sabine, and Plinia
cauliflora (Mart.) Kausel (Myrtaceae family); and Ficus obtusifolia
Kunth (Moraceae family). Genipa americana and F. obtusifolia are
widely distributed throughout Brazil, and occur in several biomes,
including the Cerrado (Gomes 2020, Pederneiras et al. 2020). Psidium
guajava is a commonly found naturalized species (Proenga et al. 2020),
while P, cattleianum occurs in the Cerrado and Atlantic Forest (Proenca
et al. 2020) and P. cauliflora is located in the Atlantic Forest (Stadnik
et al. 2020). These taxa have specimens on the premises of the CCFS-
ISA and on the Teaching, Research, and Extension Farm of UNESP
(FEPE — UNESP Ilha Solteira), where we collected fruits according to
their availability throughout the year. For G. americana, P. guajava,
P cauliflora, and F. obtusifolia, fruits were collected from a single
specimen to avoid variations related to individual plant genetics. This
method was not feasible with P. cattleianum; therefore, the fruits were
collected from a population of plants and homogenized to constitute
the treatments.

Fruits of the selected taxa (P, cattleianum, G. americana, P. cauliflora,
P guajava, and F. obtusifolia) were offered separately to one female
and one male maned wolf in captivity (Authorization SISBIO 72225-1,
Certificate CEUA/FEIS-UNESP 13/2019, and Certificate SisGen
A9A3783), to avoid possible co-occurrence of seeds of different species
in the feces collected. Since the wolves used in the study lived in the same
enclosure, it was implausible to separate the feces by individual. The
fruits were offered to the animals after 24 h of fasting. This procedure is
part of the food management of carnivorous animals that the CCFS-ISA
applies once a week; thus, there was no change in the feeding routine.
This methodology prevented contamination of the samples by species not
related to this study that were used in the daily management of the animals.

The feces were collected no more than two days after the fruit
offering, considering the time for the animals to digest the food, and
then packed in plastic bags and taken to the laboratory. In the laboratory,
feces (maned wolf treatment) and fruit pulp (control treatment) were
washed with running water over plastic sieves, and the seeds were
removed with tweezers and dried in trays on absorbent paper at room
temperature (~25 °C). Only whole seeds were used for the germination
tests to obtain homogeneous lots.

3. Germination trials

Seeds collected from the feces of maned wolves (maned wolf
treatment) and directly from the fruits (control treatment) formed two
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treatments with 50 seeds for each plant species and four repetitions
(2 treatments X 4 repetitions x 50 seeds x 5 plant species, totaling 200
seeds of each species per treatment, 400 seeds per plant species and
of 2000 total seeds), in a 5 x 2 factorial (species * method of seed
collection).

The seeds were sown in propylene boxes (internal dimensions:
12.0 x 13.5 x 28.0 cm), using sand as the substrate. Fifty seeds were
sown in each box (five columns with ten seeds in each column), with four
repetitions for each treatment. For all species evaluated, the seeds from
the control treatments were sown together with the seeds from the maned
wolf treatment. Seeds of P. cauliflora and G. americana were sown
on the same day that the stools were sorted and seeds were separated;
because they were recalcitrant or intermediate and thus sensitive to
desiccation and storage (Panza et al. 2007, Bonjovani & Barbedo
2008, Galetti et al. 2013). Sowing of P. guajava, P. cattleianum, and
F obtusifolia occurred after drying at room temperature for a maximum
0f 96 h, as these are orthodox seeds that are tolerant to desiccation and
storage (Medeiros & Eira 2006). After sowing, all germination boxes
were stored in a greenhouse without control of environmental variables.

The treatments were monitored daily for irrigation requirements,
and irrigated when necessary until they were sufficiently moist. Fungal
control in the germination boxes was performed by applying a solution
of the fungicide Vitavax®-Thiram diluted to 1 mL.L™! of water.

For the germination evaluation, daily quantification was performed
for all treatments, with germination established when the seedlings
emerged from the soil surface. The germination tests began at sowing,
and if new seedlings did not emerge after 30 consecutive days, the tests
were terminated. Germination tests were conducted from December
2020 to April 2021 for G. americana, January to May 2021 for
P. cauliflora, January to April 2021 for P. guajava, January to May
2021 for P, cattleianum, and March to June 2021 for F. obtusifolia. The
periods for the germination tests differed among the species due to the
dates of sample collection and fruit offering to the maned wolves, as
well as the natural germination period of each plant species.

4. Data analysis

The germination parameters used were germination percentage
and germination speed, according to Maguire (1962). The germination
percentage expresses the total number of germinated seeds in relation to
the total number of seeds in the treatment, and is given by the formula:

%G = (Xni = N') = 100.

Equation 1: Y ni = total number of seeds germinated; N = number
of seeds sampled

The speed of seedling emergence was determined by the emergence
velocity index (IVE), estimated using the following formula:

G, + (Gz_G1) T (Gs_Gz) T (Gf_ Gn).
N. N. N

1 2 2 '

IVE =

Equation 2: G, G, G, G, and G, are the number of normal
seedlings counted on the first, second, third, and remaining days, and at
the last count, respectively, and N, N, N;, N , and N are the number of
days from sowing to the first, second, third, remaining, and last counts,
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respectively, with daily evaluations of germination. Higher IVE values
indicate greater germination speeds and a stronger vigor of the batch.
The values obtained in the germination tests were compared with
those of the maximum tolerance table for the germination of forest
species (Mapa 2009). Differences greater than the maximum tolerance
allowed between the largest and smallest mean germination from
repetitions were observed for the following species in the maned wolf
feces: G. americana, P. cauliflora, P. guajava; and in the controls:
P. guajava, P. cattleianum, and F. obtusifolia. Thus, for each of
these treatments, the repetition batch that differed from the other
three (considerably higher or lower value) was replaced by the average

70
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value calculated from the other repetitions. This procedure was used
because we did not have a sufficient number of seeds to repeat the
experiments with all species.

Possible differences in germination rates between the control and
maned wolf treatments for each fruit species were tested using the
chi-squared test. Differences between emergence velocity indexes
(IVE) were tested using the #-fest for normally distributed data and the
Mann—Whitney test for non-normally distributed data, after checking
normality with the Kolmogorov-Smirnov test. All statistical analyses
were performed using Bioestat software version 5.3 (Ayres et al. 2007),
and a 5% significance level was adopted.

B Maned wolf

Control

&l

G. americana P. guajava

P. cattleianum

P. cauliflora F. obtusifolia

Figure 1. Germination rate (mean values and standard deviations) of seeds of Genipa Americana, Psidium guajava, Psidium cattleianum, Plinia cauliflora and
Ficus obtusifolia for the maned wolf and control treatments. The (*) between columns mean statistically different values between them (p < 0.05).
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IVE
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P. cattleianum
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Figure 2. Emergence velocity index (IVE) (mean values and standard deviation) for seeds of Genipa americana, Psidium guajava, Psidium cattleianum and
Ficus obtusifolia for the maned wolf and control treatments and for seeds of Plinia cauliflora (median and interquartile deviation) for the maned wolf and control
treatments. The (*) between columns mean statistically different values between them (p < 0.05).
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Results

For G. americana and P. guajava species, seeds from the maned
wolf treatment showed significantly higher germination rates (%) and
emergence velocity indices (IVE) than those from the control treatment
(germination rates p < 0.0001 and p = 0.0063 for G. americana and
P. guajava, respectively; IVE p < 0.0001 and p = 0.0236 for
G. americana and P. guajava, respectively). For P. cattleianum, a
higher germination rate (%) and emergence velocity index (IVE) were
observed with the control treatment (germination rate, p <0.0001; IVE,
p = 0.0001). No significant differences were observed in seed
germination rate and IVE for P, cauliflora and F. obtusifolia (germination
rate p = 0.1806 and p = 0.6675 for P. cauliflora and F. obtusifolia,
respectively; IVE p = 0.1489 and p = 0.6026 for P. cauliflora and
F obtusifolia, respectively) (Figures 1 and 2).

Discussion

The results obtained showed that C. brachyurus can act as a seed
disperser in its home range, since all tested seed species germinated
after consumption and defecation. Specifically, G. americana and
P, guajava defecated seeds showed higher germination rates and higher
velocities of seedling emergence than the controls, demonstrating a
possible positive effect of the consumption of these species by maned
wolves and an improvement in the germination process. These results
reveal that C. brachyurus can both disperse the seeds and improve the
propagative performance of these species.

In addition to moving within their large home range (Dietz 1984,
Jacomo et al. 2009), maned wolves travel long distances daily, with an
average of 14 km/night (Emmons 2012). This allows the seeds to be
distanced from the mother plant, resulting in reduced plant mortality due
to competition, predation, and pathogen infestation, which are common in
areas with high seed densities (Janzen 1969, Cain et al. 2000). In addition,
sites further away could provide improved germination and colonization
of new habitats, as well as influence gene flow and the temporal and spatial
genetic structure within and between populations (Willson & Travest
2000, Jordano & Godoy 2002). Furthermore, olfactory information
between co-species of large canids is communicated through urine and
feces that are deposited on the ground or on exposed elevated objects
(Aza 2012). Maned wolves often defecate on termite mounds, anthills,
and roadsides, among other structures (Dietz 1984, Aza 2012), which may
play a role in increasing seed germination beyond passage through the
digestive tract. For example, termite mound soils may improve water and
nutrient availability to plants (Sileshi et al. 2010, Okullo & Moe 2012,
Acanakwo et al. 2017) favoring germination, which is promoted by the
marking habit of the species.

Although Genipa americana has been reported to be consumed by
other canids (Cerdocyon thous Linnaeus 1766 and Lycalopex vetulus
Lund 1842) in Central Brazil (Kotvisky et al. 2019), there is only one
record of maned wolves feeding on this species (Bolivia; Castro &
Emmons 2012), whereas species such as. P. guajava, P. cauliflora,
and Ficus sp. have been previously identified as part of the diet of
C. brachyurus (Motta-Junior & Martins 2002, Gressler et al. 2006,
Kotviski et al. 2019). However, during the development of this
study, the consumption of G. americana fruits was verified through
necropsy of free-living specimens brought to CCFS-ISA facilities for
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veterinary care. This finding, along with the germination rates (62.0%
for the maned wolf treatment vs. 37.5% for the control treatment) and
speed of emergence indexes (0.81 vs. 0.50 for the maned wolf and
control treatments, respectively) observed in this study, may indicate a
mutualistic interaction between these species.

Previous reports have identified P. guajava as a food source for
C. brachyurus (Motta-Junior & Martins 2002), which is one of the main
species of carnivorous mammals that disperse seeds from this plant
species (Gressler et al. 2006). Therefore, considering the germination
rates (49.33% maned wolf treatment vs. 35.33% control treatment) and
emergence velocity indexes (0.72 maned wolf treatment vs. 0.57 control
treatment) observed in this study, an important mutualistic interaction
may also exist between these two species, as was observed with
C. brachyurus and G. americana. In a previous study, Motta-Junior &
Martins (2002) observed higher germination rates for seeds of P. guajava
(97% maned wolf treatment vs. 95% control treatment) than those
observed in our study (49.33% maned wolf treatment vs. 35.33% control
treatment). However, those authors found no significant differences
between the treatments. In this study, we observed differences in
germination parameters between P. guajava seeds defecated by the
maned wolf and those that were unconsumed, with greater values
recorded with the former treatment. These differences may be associated
with methodological differences of the studies, ranging from the use
of a greenhouse without control of environmental variables using sand
as a substrate (this study), to experiments conducted in the laboratory
with controlled light and temperature on moist filter paper (Motta-Junior
& Martins 2002), or possible differences in seed quality depending on
their production location.

Although P. guajava is a naturalized plant (Sobral et al. 2015),
and its evolutionary history and domestication process are unknown
(Arévalo-Marin et al. 2021), this species is highly utilized by wild
animals (Gressler et al. 2006, Torres & Guitiérrez 2018), and zoochory is
the main dispersal method for its seeds (Gressler et al. 2006). Non-native
species have been shown to cause loss of biological diversity (Pimm
etal. 1995, Sala et al. 2000); however, they can also provide conservation
benefits (Schlaepfer et al. 2011), such as habitat or food resources for
native species, replacements for extinct taxa, additional ecosystem
services, and restoration inducements (Schlaepfer et al. 2011). Studies
have shown the positive effects of P. guajava on forest regeneration
and restoration of native tree species in tropical and subtropical forests
(Aide et al. 2000, Lugo 2004, Berens et al. 2008).

Seeds of Psidium cattleianum are dispersed by birds, ants, bats,
monkeys, and ungulates (Gressler et al. 2006). Our results indicated
a delay in the germination process after passage through the digestive
tract of C. brachyurus, which partially refuted our initial hypothesis.
Unlike the results observed for the other species of fruits analyzed in
this study, the physical passage of P. cattleianum seeds through the
digestive tract of the maned wolf may have affected the viability of part
of'the defecated seeds, while other portions of the ingested and dispersed
seeds remained viable. Increased germination speed can favor plant
establishment under adverse conditions (Fenner 1985), which can be
beneficial when vegetation is sparse. Delayed germination also improves
diversity by allowing less competitive species to develop (Grubb 1977,
Fenner 1985). The behavior of P. cattleianum in areas where it occurs
naturally is unclear because there is a gap in the scientific literature on
the ecology and behavior of this species; however, germination in the
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maned wolf treatment indicates that this canid may play an important
role in maintaining the biodiversity of plant species through the dispersal
of seeds.

Zoochory is the main dispersal method of P. cauliflora (Gressler
et al. 2006). Gressler et al. (2006) listed the maned wolf as one of
the main species of carnivorous mammals that disperse the seeds of
this plant. Ficus sp. has also been reported as food for C. brachyurus
(Kotviski et al. 2019) and other canids, such as Cerdocyon thous,
Lycalopex vetulus, and Canis latrans Say 1823 (Facure et al. 2003,
Silverstein 2005, Kotviski et al. 2019). Although the consumption
of P. cauliflora and F. obtusifolia fruits by maned wolves has been
reported, germination of the seeds was not assessed. Our study found
no differences in the germination rate and speed of seedling emergence
between treatments. These facts suggest that seeds of these species are
not modified as they pass through the digestive system of the animal,
thereby maintaining their viability for germination after consumption
and dispersal by C. brachyurus.

Overall, our results showed that C. brachyurus is a canid that can
act as a seed dispersal agent, since germination occurred with the
maned wolf treatment for all plant taxa evaluated. This demonstrates
an important mutualistic interaction between the maned wolf and these
plants. Considering that greater than 90% of tropical plant species
depend on animals for the dispersal of their seeds (Jordano 2000), the
decrease in population and/or extinction of these conveyors (such as
C. brachyurus, which is an endangered species) may affect partner plants
and microbiome associations (Del-Claro & Dirzo 2021).

This population reduction or elimination of frugivorous animals and
seed dispersers, such as C. brachyurus, can delay forest regeneration
(Farwig & Berens 2012) and induce other negative environmental
effects. For example, the disappearance of large animals has caused a
reduction in the seed size of some fruit plants that are normally included
in the diets of these species (Emer et al. 2020, Del-Claro & Dirzo 2021).
Therefore, it is clear that seed dispersing animals are important for
the conservation of the environment, and the loss of these species can
have negative effects on the ecological and evolutionary dynamics of
communities and compromise the processes of ecological succession
and restoration of degraded areas (Fleming & Kress 2011, Rocha et al.
2012, Galetti & Dirzo 2013).

Additionally, the germination percentages and speeds reported in
our results, along with the extensive home range of C. brachyurus,
demonstrate the potential contribution of this species to the expansion
of geographic dispersal, gene flow, and recruitment of the respective
plants. However, there is a gap in the scientific literature in terms of
ecological data and the spatial behavior of maned wolves (Aximoff et al.
2020). The species has been detected in buffer zones that contain crops
such as sugarcane, soybeans, corn, and cotton, as well as silviculture
and pasture areas (Santos et al. 2003, Coelho et al. 2008, Vynne et al.
2011, Vynne et al. 2014, Paolino et al. 2016, Pénzio et al. 2022). The
maned wolf may travel these matrices and spread seeds across the
various landscapes, contributing to the recovery of degraded areas of the
Cerrado, and such forest species are commonly recommended and used
in the recovery of these areas (Valeri et al. 2003, Martins et al. 2014,
Nascimento et al. 2019). Furthermore, C. brachyurus can disperse seeds
of plants that have a wide distribution, including those that occur in areas
of contact between the Cerrado and the Atlantic Forest. The maned wolf
has expanded into areas of this biome (Bereta et al. 2017; Muscat et al.

http://www.scielo.br/bn

2021) to consume the available fruits (Motta-Junior & Martins 2002,
Kotviski et al. 2019); therefore, this species may contribute to the natural
regeneration of degraded areas once covered by the Atlantic Forest.
Thus, actions that contemplate the conservation of C. brachyurus, and
consequently its ecological and functional role as a seed disperser, can
assist in the implementation of management practices aimed at the
maintenance or recovery of important ecological processes, including
those in landscapes with anthropogenic modifications.

Acknowledgments

We thank the Faculdade de Engenharia de Ilha Solteira (FEIS),
UNESP, for the use of laboratory facilities, especially those from the
Seed Analysis Laboratory and Fish Ecology Laboratory, Pira. We
thank China Three Gorges Brasil Energia Ltda. and Ecologic-Centro
de Avaliagdes e Pericias Ambientais for their cooperation in the
development of the study and the use of facilities and animals. We
also thank Dr. Murilo for his availability and attention with regard
to the collections of biological material in the facilities of the Center
for the Conservation of Wildlife of Ilha Solteira (CCFS-ISA), and
Dr. José Ricardo Barosela for aiding in the identification of the fig
species used in this study. S.C.R thanks the Sdo Paulo Research
Foundation (FAPESP) for a Scientific Initiation Scholarship
(2019/20893-6). A.G.C. thanks the Brazilian Science Council (CNPq)
for a research grant (308660/2021-8).

Associate Editor

Diego Astaa

Author Contributions

Samia Cardoso dos Reis: Contribution to data collection; substantial
contribution in the concept and design of the study; contribution to
writing — original draft; contribution to data analysis and interpretation;
contribution to manuscript preparation; contribution to critical revision,
adding intellectual content.

Igor Paiva Ramos: Substantial contribution in the concept and
design of the study; contribution to data analysis and interpretation;
contribution to critical revision, adding intellectual content.

Marco Eustaquio de Sa: Substantial contribution to design of the
study; contribution to critical revision, adding intellectual content.

Jodo Henrique Pinheiro Dias: Substantial contribution in the
concept and design of the study; contribution to critical revision, adding
intellectual content.

Adriano Garcia Chiarello: Contribution to data analysis and
interpretation; contribution to critical revision, adding intellectual
content.

Lucio de Oliveira e Sousa: Substantial contribution in the concept
and design of the study; contribution of resources to the study
development.

Conflicts of Interest

The authors declare that they have no conflicts of interest related
to the publication of this manuscript.

http://dx.doi.org/10.1590/1676-0611-BN-2022-1413


http://dx.doi.org/10.1590/1676-0611-BN-2022-1413

Biota Neotrop., 23(3): €20221413, 2023

Germination of fruits eaten by the maned wolf

Data Availability

Supporting data are available at <https://data.scielo.org/dataset.xht
ml?persistentld=doi%3A10.48331%2Fscielodata. AQY C2S&showIng
estSuccess=true&version=DRAFT>

References

ACANAKWO, E.F.,, SHEIL, D. & MOE, S.R. 2017. Termites and large
herbivores influence seed removal rates in an African savanna. Ecology,
98(12):3165-3174.

AIDE, T.M., ZIMMERMAN, J.K., PASCARELLA, J.B., RIVERA, L. &
MARCANO-VEGA, H. 2000. Forest regeneration in a chronosequence
of tropical abandoned pastures: implications for restoration ecology.
Restoration ecology, 8(4): 328-338.

ARAGONA, M. & SETZ, E.Z.F. 2001. The diet of the maned wolf, Chrysocyon
brachyurus (Mammalia: Canidae), during wet and dry seasons at Ibitipoca
State Park, Brazil. Journal of Zoology, 254(1):131-136.

AREVALO-MARIN, E., CASAS, A., LANDRUM, L., SHOCK, M.P.,
ALVARADO-SIZZO, H., RUIZ-SANCHES, E. & CLEMENT, C.R.
2021. The Taming of Psidium guajava: Natural and cultural history of a
Neotropical Fruit. Frontiers in plant science, p.2138.

AXIMOFF, 1., CARVALHO, G.D., ROMERO, D., ESBERARD, C.E.L.,
GUERREIRO, J.C. & ROSALINO, L.M. 2020. Unravelling the drivers of
maned wolf activity along an elevational gradient in the Atlantic Forest,
south-eastern Brazil. Mammalian Biology, 100(2):187-201.

AYRES, M., AYRES, M.J., AYRES, D.L. & SANTOS, A.S. 2007. Bioestat
Version 5.0. Sociedade Civil Mamiraua, MCT-CNPq, Belém, Para, Brazil.

AZA Canid TAG 2012. Large Canid (Canidae) Care Manual. Association of
Zoos and Aquariums, Silver Spring, MD. p.138.

BASCOMPTE, J. & JORDANO, P. 2013. Mutualistic Networks. Princeton
University Press.

BERENS, D.G., FARWIG, N., SCHAAB, B. & BOHNING-GAESE, K. 2008.
Exotic guava are foci of forest regeneration in Kenyan farmland. Biotropica,
40(1):104-112.

BERETA, A., FREITAS, S.R. & BUENO, C. 2017. Novas ocorréncias de
Chrysocyon brachyurus (Carnivora) no estado do Rio de Janeiro indicando
a expansao de sua distribui¢ao geografica. Boletim da Sociedade Brasileira
de Mastozoologia, 78(1):5-8.

BONJOVANI, M.R. & BARBEDO, C.J. 2008. Recalcitrant seeds: intolerant to
low temperatures? Recalcitrant embryos of Inga vera Willd. subsp. affinis
(DC.) TD Penn. tolerate sub-zero temperature. Brazilian Journal of Botany,
31:345-356.

BRASIL 2022. Portaria MMA N° 148, de 7 de junho de 2022. Altera os Anexos
da Portaria n°® 443, de 17 de dezembro de 2014, da Portaria n® 444, de 17
de dezembro de 2014, ¢ da Portaria n° 445, de 17 de dezembro de 2014,
referentes a atualizacdo da Lista Nacional de Espécies Ameagadas de
Extin¢do. Brasilia, DF: Ministério do Meio Ambiente.

CAIN, M.L., MILLIGAN, B.G. & STRAND, A.E. 2000. Long-distance
seed dispersal in plant populations. American journal of botany, 87(9):
1217-1227.

CARVALHO, C.T. & VASCONCELLOS, L.E.M. 1995. Disease, food and
reproduction of the maned wolf — Chrysocyon brachyurus (Illiger)
(Carnivora, Canidae) in Southeast Brazil. Revista Brasileira de Zoologia,
12(3):627-640.

CASTRO, J.M. & EMMONS, L.H. 2012. Variation in diet and resources. The
Maned Wolves of Noel Kempff Mercado National Park. p.41

COELHO, C.M., MELO, L.F.B., SABATO, M.A.L., MAGNI, E.M.V., HIRSCH,
A. & YOUNG, R.J. 2008. Habitat use by wild maned wolves (Chrysocyon
brachyurus) in a transition zone environment. Journal of Mammalogy,
89(1):97-104.

DE CASTRO, E.B.V. & FERNANDEZ, F.A.S. 2004. Determinants of differential
extinction vulnerabilities of small mammals in Atlantic Forest fragments in
Brazil. Biological Conservation, 119(1):73-80.

http://dx.doi.org/10.1590/1676-0611-BN-2022-1413

DEL-CLARO, K. & DIRZO, R. 2021. Impacts of Anthropocene defaunation on
plant-animal interactions. /n: Plant-animal interactions. Springer, p.333-345.

DIETZ, J. M. 1984. Ecology and social organization of the maned wolf
(Chrysocyon brachyurus). Smithsonian Contributions to Zoology.

DIETZ, J. M. 1985. Chrysocyon brachyurus. American Society of Mammalogists:
Mammalian Species.

EMER, C., JORDANO, P., PIZO, M.A., RIBEIRO, M.C., SILVA, FR. &
GALLETI, M. 2020. Seed dispersal networks in tropical forest fragments:
area effects, remnant species, and interaction diversity. Biotropica,
52(1):81-89.

EMMONS, L.H. 2012. The maned wolves of Noel Kempff Mercado National
Park. Smithsonian Contributions to Zoology. p.4.

ESTRADA, A. & FLEMING, T.H. (Ed.). 2012. Frugivores and seed dispersal.
Springer Science & Business Media.

FACURE, K.G., GIARETTA, A.A., MONTEIRO-FILHO, E.L.A. 2003. Food
habits of the crab-eating-fox, Cerdocyon thous, in an altitudinal forest of
the Mantiqueira Range, southeastern Brazil. Mammalia, 67(4):503-512.

FARWIG, N. & BERENS, D.G. 2012. Imagine a world without seed dispersers:
areview of threats, consequences and future directions. Basic and Applied
Ecology, 13(2):109-115.

FENNER, M. 1985. Seed ecology. Chapman & Hall, London.

FERREIRA, A. S., PERES, C.A., BOGONIL, J.A. & CASSANO, C.R.2018. Use
of agroecosystem matrix habitats by mammalian carnivores (Carnivora): a
global-scale analysis. Mammal Review, 48(4):312-327.

FLEMING, T.H. & KRESS, W.J. 2011. A brief history of fruits and frugivores.
Acta Oecologica, 37(6)521-530.

GALETTI, M. & DIRZO, R. 2013. Ecological and evolutionary consequences
of living in a defaunated world. Biological Conservation, 163:1-6.

GALETTI, M., GUEVARA, R., CORTES, M.C., FADINI, R., MATTER,
S.V., LEITE, A.B., LABECCA, F., RIBEIRO, T., CARVALHO,
C.S., COLLEVATTI, R.G., PIRES, M.M., GUIMARAES, P.R.J.,
BRANCALION, P.H., RIBEIRO, M.C. & JORDANO, P. 2013. Functional
extinction of birds drives rapid evolutionary changes in seed size. Science,
340(6136):1086—1090.

GHELER-COSTA, C., VETTORAZZI, C.A., PARDINL R. & VERDADE, L.M.
2012. The distribution and abundance of small mammals in agroecosystems
of southeastern Brazil. Mammalia, 76(2):185-191.

GOMES, M. 2020. Genipa in Flora e Funga do Brasil. Jardim Botanico do Rio
de Janeiro.

GRESSLER, E., PIZO, M.A. & MORELLATO, L.P.C. 2006. Polinizagao e
dispersdo de sementes em Myrtaceae do Brasil. Brazilian Journal of Botany,
29:509-530.

GRUBB, P.J. 1977. The maintenance of species-richness in plant communities:
the importance of the regeneration niche. Biological reviews, 52(1):
107-145.

HAMALAINEN, A., BROADLEY, K., DROGHINL A., HAINES, J.A., LAMB,
C.T., BOUTIN, S. & GILBERT, S. 2017. The ecological significance of
secondary seed dispersal by carnivores. Ecosphere, 8(2):¢01685.

HOWE, H.F. & SMALLWOOD, J. 1982. Ecology of seed dispersal. Annual
review of ecology and systematics, 13(1)201-228.

JACOMO, A.T., KASHIVAKURA, C.K., FERRO, C., FURTADO, M.M.,
ASTETE, S.P., TORRES, N.M., SOLMANN, R. & SILVEIRA, L. 2009.
Home range and spatial organization of maned wolves in the Brazilian
grasslands. Journal of Mammalogy, 90(1):150-157.

JANZEN, D.H. 1969. Seed-eaters versus size, number, toxity and dispersal.
Evolution, 23(1):1-27.

JORDANO, P. 2000. Fruits and frugivory. /n: Fenner M (ed) Seeds: the ecology
of regeneration in natural plant communities. 2. ed. Wallingford, UK: CABI
Publ., p.125-166.

JORDANO, P. & GODOY, J.A. 2002. Frugivore-generated seed shadows: a
landscape view of demographic and genetic effects. /n LEVEY, D.J., SILVA,
W.R. & GALETTI, M. Seed dispersal and frugivory: ecology, evolution and
conservation. CABI Publ, UK, p.511.

http://www.scielo.br/bn


http://dx.doi.org/10.1590/1676-0611-BN-2022-1413

Biota Neotrop., 23(3): €20221413, 2023

Reis S.C. et al.

JORDANO, P, GARCIA, C., GODOY, J.A. & GARCIA-CASTNO, L. 2007.
Differential contribution of frugivores to complex seed dispersal patterns.
Proceedings of the National Academy of Sciences, 104(9):3278-3282.

KOTVISKI, B.M., FACURE, K.G., AZEVEDO, F.C., FREITAS-JUNIOR,
M.C. & LEMOS, F.G. 2019. Trophic niche overlap and resource
partitioning among wild canids in an anthropized neotropical ecotone.
Mastozoologia Neotropical, 26(2):368-376.

KUHLMANN, M. & RIBEIRO, J.F. 2016. Fruits and frugivores of the Brazilian
Cerrado: ecological and phylogenetic considerations. Acta Botanica
Brasilica, 30:495-507.

LAUTENSCHLAGER, L., SOUZA, Y. & GALETTI, M. 2022. Frugivory and
seed dispersal by the Red-footed Tortoise Chelonoidis carbonaria. Acta
Oecologica, 116:103837.

LUGO, A.E. 2004. The outcome of alien tree invasions in Puerto Rico. Frontiers
in Ecology and the Environment, 2(5):265-273.

MAGUIRE, J.D. 1962. Speed of germination-aid in selection and
evaluation for seedling emergence and vigor. Crop science, Madison,
2(1):176-177.

MAPA, Brasil. ACS. Regras para analise de sementes. 1. ed. Brasilia, 2009,
p.382.

MARTINS, R.L., CAILLAVA, E.R. & SOUSA, R.T. 2014. Viveiros da
Bacia do Rio Macaé e as novas demandas para a recuperagdo de areas
degradadas. Boletim do Observatorio Ambiental Alberto Ribeiro Lamego,
8(1):83-100.

MASSARA, R.L., PASCHOAL, A.M.O., HIRSCH, A. & CHIARELLO, A.G.
2012. Diet and habitat use by maned wolf outside protected areas in eastern
Brazil. Tropical Conservation Science, 5(3):284-300.

MEDEIROS, A.C.S. & EIRA, M.T.S. 2006. Comportamento fisiologico, secagem
e armazenamento de sementes florestais nativas. Embrapa Florestas-Circular
Técnica (INFOTECA-E).

MICHALSKI, L.J., BARBOLA LF. & LUZ, PM. 2013. Ecologia trofica do
lobo-guara, Chrysocyon Brachyurus (Illiger, 1811), no Parque Estadual
do Guartela, Tibagi, PR, Brasil. Revista Brasileira de Zoociéncias,
15(1,2,3):107-122.

MOTTA-JUNIOR, J.C., TALAMONI, S.A., LOMBARDI, J.A. &
SIMOKOMAKI, K. 1996. Diet of the maned wolf, Chrysocyon brachyurus,
in central Brazil. Journal of Zoology, 240(2):277-284.

MOTTA-JUNIOR, J.C. & MARTINS, K. 2002. The frugivorous diet of the
maned wolf, Chrysocyon brachyurus. In: Brazil: ecology and conservation.
Seed dispersal and frugivory: ecology, evolution and conservation,
p-291-303.

MUSCAT, E., ROTENBERG, E.L., PEDROZO, M. & TANAKA, R.M. 2021.
First record of Chrysocyon brachyurus (Illiger, 1815) (Mammalia: Canidae)
in the municipality of Ubatuba, Sdo Paulo, Brazil. Notas sobre Mamiferos
Sudamericanos, 3:¢21.2.3.

NASCIMENTO, D.R., ALVES, L.N. & SOUZA, M.L. 2019. Implantacao
de sistemas agroflorestais para a recuperagdo de areas de preservacdo
permanente em propriedades familiares rurais da regido da Transamazonica,
Para. Agricultura Familiar: Pesquisa, Formacdo e Desenvolvimento,
13(2):103-120.

OKULLO, P. & MOE, S.R. 2012. Termite activity, not grazing, is the main
determinant of spatial variation in savanna herbaceous vegetation. Journal
of Ecology, 100(1):232-41.

PANZA, V.,LAINEZ, V., MALDONADO, S. &« MARODER, H.L. 2007. Effects
of desiccation on Euterpe edulis martius seeds. Biocell, 31(3):383.

PAOLINO, R.M., VERSIANI, N.F., PASQUALOTTO, N., RODRIGUES, T.F.,
KREPSCHI, V.G. & CHIARELLO, A.G. Buffer zone use by mammals in a
Cerrado protected area. Biota Neotropica. 16(2): €20140117. http://dx.doi.
org/10.1590/1676-0611-BN-2014-0117" http://dx.doi.org/10.1590/1676-
0611-BN-2014-0117 (last access on 03/01/2023)

PAULA, R.C. & DEMATTEO, K. 2015. Chrysocyon brachyurus
(errata version published in 2016). The IUCN Red List of Threatened
Species: ¢.T4819A88135664. Available in: https://dx.doi.org/
10.2305/IUCN.UK.2015-4.RLTS.T4819A82316878.en>. Accessed on:
23.06.2022.

http://www.scielo.br/bn

PAULA, R.C.,RODRIGUES, F.H.G., QUEIROLO, D., JORGE, R.P.S.,, LEMOS,
F.G. & RODRIGUES, L.A. 2018. Chrysocyon brachyurus (Illiger, 1815).
In: Instituto Chico Mendes de Conservagao da Biodiversidade. (Org.). Livro
Vermelho da fauna brasileira ameagada de extin¢do: Volume I1 — Mamiferos.
Brasilia: ICMBio. p.314-320.

PAULINO-NETO, H.F.,, NAKANO-OLIVEIRA, E., JARDIM, M\M.A. &
VASCONCELLOS-NETTO, J. 2016. Frugivory in Bromelia balansae
(Bromeliaceae): the effect of seed passage through the digestive system of
potential seed dispersers on germination in an Atlantic Rainforest Brazil.
Journal of Ecosystem and Ecography, 6(4):224.

PEDERNEIRAS, L.C., MACHADO, A.F.P. & SANTOS, O.D.A. 2020.
Ficus in Flora e Funga do Brasil. Jardim Botanico do Rio de Janeiro.

PIMM, S.L.,RUSSELL, G.J., GITTLEMAN, J.L. & BROOKS, T.M. 1995. The
future of biodiversity. Science, 269(5222):347-350.

PONZIO, M., ALBERICI, V., PASQUALOTTO, N., PAOLINO, R.,
RODRIGUES, T., CHIARELLO, A. Mammals of Cajuru State Forest and
surroundings: a neglected but important Protected Area for the Cerrado
conservation in the Sdo Paulo state, Brazil. Biota Neotropica 22(1):
€20211262. https://doi.org/10.1590/1676-0611-BN-2021-1261" https://
doi.org/10.1590/1676-0611-BN-2021-1261 (last access on 03/01/2023).

PRICE, E.R., BRUN, A., CAVIEDES-VIDAL, E. & KARASOV, W.H. 2015.
Digestive adaptations of aerial lifestyles. Physiology, 30(1):69-78.

PROENCA, C.E.B., COSTA, I.R. & TULER, A.C. 2020. Psidium in Flora e
Funga do Brasil. Jardim Botanico do Rio de Janeiro.

QUEIROLO, D. & MOTTA-JUNIOR, J.C. 2007. Prey availability and diet of
maned wolf in Serra da Canastra National Park, southeastern Brazil. Acta
Theriologica, 52(4):391-402.

QUEIROLO, D., MOREIRA, J.R., SOLER, L., EMMONS, L.H., RODRIGUES,
F.H.G.,PAUTASSO,A.A., CARTES, J.L. & SAVATORI, V. 2011. Historical
and current range of the Near Threatened maned wolf Chrysocyon
brachyurus in South America. Oryx, 45(2):296-303.

ROCHA, E.C., SILVA, E., MARTINS, S.V. & VOLPATO, G.H. 2012. O
papel dos mamiferos silvestres na sucessdo e na restauragao ecologica. /n:
MARTINS, S. V. (Ed.). Restauragao ecologica de ecossistemas degradados.
Vigosa, MG: Universidade Federal de Vigosa, p.169-190.

RODRIGUES, F.H.G., HASS, A., LACERDA, A.C.R., GRANDO, R.L.S.C.,
BAGNO, M.A., BEZERRA, A M.R. & SILVA, W.R. 2007. Feeding habits
of the maned wolf (Chrysocyon brachyurus) in the Brazilian Cerrado.
Mastozoologia Neotropical, 14(1):37-51.

SALA, O.E., CHAPIN, F.S., ARMESTO, J.J.,, BERLOW, E., BLOOMFIELD, J.,
DIRZO, R., HUBER-SANWALD, E., HUENNEKE, L.F., JACKSON,
R.B., KINZIG, A., LEEMANS, R., LODGE, D.M., MOONEY, H.A.,
OESTERHELD, M., POFF, N.L., SYKES, M.T., WALKER, B.H.,
WALKER, M. & WALL, D.H. 2000. Global biodiversity scenarios for the
year 2100. Science, 287(5459):1770-1774.

SANTOS, E.F., SETZ, E.Z.F. & GOBBI, N. 2003. Diet of the maned wolf
(Chrysocyon brachyurus) and its role in seed dispersal on a cattle ranch in
Brazil. Journal of Zoology, 260(2):203-208.

SANTOS, E.F., GOBBI, N. & FELIPPE, P.A.N. 2013. Diet of Maned Wolf
and Its Relationship to Seed Dispersal at a Cattle Ranch in Southeastern
Brazil. Ecology and Conservation of the Maned Wolf: Multidisciplinary
Perspectives, p.153.

SCHLAEPFER, M.A., SAX, D.F. & OLDEN, J.D. 2011. The potential
conservation value of non-native species. Conservation biology, 25(3):
428-437.

SCHMIDT, 1.B., FERREIRA, M.C., SAMPAIO, A.B., WALTER, B.M.T.,
VIEIRA, D.L.M. & HOLL, K.D. 2019. Tailoring restoration interventions
to the grassland-savanna-forest complex in central Brazil. Restoration
Ecology, 27(5):942-948.

SCHUPP, E.W., JORDANO, P. & GOMEZ, J.M. 2010. Seed dispersal
effectiveness revisited: a conceptual review. New Phytologist, 188(2):
333-353.

SILVERSTEIN, R.P. 2005. Germination of native and exotic plant seeds
dispersed by coyotes (Canis latrans) in southern California. The
Southwestern Naturalist, 50(4):472—478.

http://dx.doi.org/10.1590/1676-0611-BN-2022-1413


http://dx.doi.org/10.1590/1676-0611-BN-2022-1413
https://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T4819A82316878.en>
https://dx.doi.org/10.2305/IUCN.UK.2015-4.RLTS.T4819A82316878.en>

Biota Neotrop., 23(3): €20221413, 2023

Germination of fruits eaten by the maned wolf

SILESHI, G.W., ARSHAD, M.A., KONATE, S. & NKUNIKA,
P.O.Y. 2010. Termite-induced heterogeneity in African savanna
vegetation: mechanisms and patterns. Journal of vegetation Science, 21(5):
923-37.

SOBRAL, M., PROENCA, C., SOUZA, M., MAZINE, F. & LUCAS, E. 2015.
Myrtaceae in Lista de Espécies da Flora do Brasil. Jardim Botéanico do
Rio de Janeiro.

SOUZA, C.M.,, SHIMBO, J.Z., ROSA, M.R., PARENTE, L.L., ALENCAR,
A.A., RUDORFF, B.F.T., HASENACK, H., MATSUMOTO, M.,
FERREIRA, L.G., SOUZA-FILHO, P.W.M., OLIVEIRA, S.W., ROCHA,
W.E., FONSECA, A.V.,, MARQUES, C.B., DINIZ, C.G., COSTA, D.,
MONTEIRO, D., ROSA, E.R., VELEZ-MARTIN, E., WEBER, E.J.,
LENTI, FE.B., PATERNOST, FF., PAREYN, F.G.C., SIQUEIRA, J.V.,
VIEIRA, J.L.,NETO, L.C.F.,, SARAIVA, M.M., SALES, M.H., SALGADO,
M.P.G., VASCONCELOS, R., GALANO, S., MESQUITA, V.V. &
AZEVEDO, T. 2020. Reconstructing three decades of land use and land
cover changes in brazilian biomes with landsat archive and earth engine.
Remote Sensing, 12(17):2735.

SOUZA, FH.E., SILVA, E.C. & BOCCHIGLIERI, A. 2021. A neotropical
canid as seed disperser in semiarid areas of Brazil. Acta Oecologica,
111:103735.

SPENNEMANN, D.H.R. 2021. The role of canids in the dispersal of commercial
and ornamental palm species. Mammal Research, 66(1):57-74.

STADNIK, A., CALDAS, D.K.D. & SOUZA, M.C. 2020. Plinia in Flora e
Funga do Brasil. Jardim Botanico do Rio de Janeiro.

TORRES, M.L. & GUTIERREZ, B. 2018. A preliminary assessment of the
genetic diversity and population structure of guava, Psidium guajava. San
Cristobal. In: M. Torres & CF Mena (Eds.), Understanding invasive species
on the galapagos, p.3—18.

http://dx.doi.org/10.1590/1676-0611-BN-2022-1413

TRAVESET, A., ROBERTSON, A.W. & RODRIGUEZ-PEREZ, J. 2007. A
review on the role of endozoochory in seed germination. Seed dispersal:
theory and its application in a changing world, p.78-103.

VALERI, S.V.,, PUERTA, R. & CRUZ, M.C.P. 2003. Efeitos do fosforo do solo
no desenvolvimento inicial de Genipa americana L. Scientia Forestalis,
64:69-77.

VILLAR, N., SIQUEIRA, T., ZIPPARRO, V., FARAH, F., SCHMAEDECKE,
G., HORTENCI, L., BROCARDO, C.R., JORDANO, P. & GALETTI, M.
2019. The cryptic regulation of diversity by functionally complementary
large tropical forest herbivores. Journal of Ecology, 108(1):279-290.

VYNNE, C., KEIM, J.L., MACHADO, R.B., MARINHO-FILHO, J.,
SILVEIRA, L., GROOM, M.J. & WASSER, S.K. 2011. Resource
selection and its implications for wide-ranging mammals of the Brazilian
Cerrado. PloS one, 6(12): €28939.

VYNNE, C.,BOOTH, R.K. & WASSER, S.K. 2014. Physiological implications
of landscape use by free-ranging maned wolves (Chrysocyon brachyurus)
in Brazil. Journal of Mammalogy, 95(4):696-706.

WILLSON, M.F. 1993. Mammals as seed dispersal mutualists in North America.
Oikos, 67(1):159-176.

WILLSON, M.F. & TRAVESET, A. 2000. The ecology of seed dispersal. Seeds:
the ecology of regeneration in plant communities, 2:85-110.

XAVIER, M.S., LEMOS, H.M., CACCAVO, A., BEZERRA, A., SECCO,
H. & GONCALVES, P.R. 2017. Noteworthy coastal records of the maned
wolf, Chrysocyon brachyurus (1lliger, 1815), in Southeastern Brazil. Boletim
da Sociedade Brasileira de Mastozoologia 78:9—13.

Received: 12/08/2022
Accepted: 19/07/2023
Published online: 28/08/2023

http://www.scielo.br/bn


http://dx.doi.org/10.1590/1676-0611-BN-2022-1413



