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ABSTRACT
Forest stands in seasonal environments can differ spatially and seasonally in the diversity of fleshy fruits available as 
resources for fauna. The aim of this study was to quantify spatial and seasonal variation in the richness and abundance 
of the dominant fleshy-fruited tree species in gallery forests of the Cerrado domain. Tree species composition and 
abundance were compiled from the literature for 10 gallery forest stands. Data were interpolated and extrapolated 
by the sample coverage method, using Hill numbers to determine the typical species as well as the most abundant 
species in each fruiting season. Stands differed in the occurrence of fleshy-fruited tree species and in the number of 
fleshy-fruited tree individuals. Probabilities for the occurrence of fleshy fruit were similar between in the wet and 
dry. However, across all stands, species that fruit primarily in the dry season were less common than those that 
fruit in the wet season. The sharing of fleshy-fruited tree species was low and the most abundant species differed 
among the studied stands. Fleshy fruits were available all year round and periods of high fruit availability are highly 
synchronized while periods of low fruit availability were much less so.
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Introduction
The diversity of fleshy-fruited trees (i.e., plants with 

fleshy fruits or other fleshy parts such as arils that attract 
animals) in plant communities can be highly heterogeneous, 
even within the same region (López-Martínez et al. 2013). 
Forest stands with greater forest cover tend to be richer in 
fleshy-fruited plant species and to produce more fleshy fruit 
biomass (Pessoa et al. 2016). Seed dispersal by frugivores 
may also result in variation in the structure and dynamics 
among plant communities (Wright et al. 2005; Morales et 
al. 2013). Therefore, data on the richness and abundance 

of fleshy-fruited plant species within tree communities can 
contribute to a better understanding of the relationship 
between vegetation structure and dispersal processes (Wang 
& Smith 2002).

The spatial distribution of floristic diversity is important 
to the diet of animals that range over large areas, which leads 
to the sharing of a disperser fauna among different forests. 
For example, forests in fragmented landscapes that differ in 
abundance of fleshy- fruited tree species may be connected 
by foraging frugivorous birds in search of resources, thus 
affecting seed dispersal across forest fragments (Emer et al. 
2018). Since different tree species have different fruiting 

1 Instituto Federal de Educação Ciência e Tecnologia Goiano, 73900-000, Posse, GO, Brazil
2 Instituto Brasileiro de Geografia e Estatística, 70312-970, Brasília, DF, Brazil
3 Departamento de Botânica, Campus Darcy Ribeiro, Universidade de Brasília, 70910-900, Brasília, DF, Brazil

* Corresponding author: adriano.darosci@ifgoiano.edu.br

https://dx.doi.org/10.1590/0102-33062020abb0279
http://orcid.org/0000-0001-6370-7407
https://orcid.org/0000-0001-9410-7885
https://orcid.org/0000-0002-8924-2692
https://orcid.org/0000-0001-6025-3251
https://orcid.org/0000-0002-7990-6715


Does spatial and seasonal variability in fleshy-fruited trees affect fruit availability?  
A case study in gallery forests of Central Brazil

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

457Acta Botanica Brasilica - 35(3): 456-465. July-September 2021 

seasons, the quality and quantity of resource availability can 
vary seasonally (Staggemeier et al. 2017). Fruiting seasonality 
is thought to promote seed and seedling survival by reducing 
predation (Wright et al. 2005) and may improve seed dispersal 
efficiency (Karr 1976). Fruiting when resource availability is 
low increases the attraction of frugivores (Darosci et al. 2017). 
In addition, frugivores may forage over large areas during 
times of scarcity, thereby transporting plant diaspores over 
long distances (Blendinger et al. 2012; Emer et al. 2018).

The dry savanna regions of Central Brazil (Cerrados) 
are cut by rivers and streams creating linear strips of 
gallery forest. Gallery forests support high tree species 
richness and an associated fauna (Kuhlmann & Ribeiro 
2016). Floristic differences among gallery forests can 
result from environmental characteristics such as soil, 
flooding, waterlogging, relief and geomorphology (Oliveira-
Filho 1989; Veneklaas et al. 2005), and increasingly from 
differing land use and disturbance histories. These factors 
vary spatially and contribute to floristic differences among 
areas that increase with distance (Condit et al. 2002). In 
continuous tropical forests, despite the high diversity of 
trees, a few hyper-dominant species frequently account 
for a large proportion of individuals (Staggemeier et al. 
2017). These species may be present in many different 
forests but be hyper-dominant locally (ter Steege et al. 
2013). Structural and floristic changes are also found among 
stands of gallery forests on a regional scale (Silva-Júnior 
et al. 2001; Veneklaas et al. 2005). In the Cerrado, rainfall 
seasonality is pronounced, with a dry season (average rainfall 
< 200 mm) between May and September and a wet season 
(average rainfall 1500 mm) between October and April 
(Silva et al. 2008). Marked seasonality of rainfall in the 
region is believed to drive patterns of fruit production in 
gallery forests, which support a high diversity of fruits and 
frugivores (Kuhlmann & Ribeiro 2016).

A broad understanding of the frugivory-seed dispersal 
process depends on both within- and between-community 
analyses, but few studies have adopted this approach 
(e.g., Almeida-Neto et al. 2008; Maruyama et al. 2019). 
Additionally, few studies have considered the abundance 
of dispersal modes among plant communities (Correa et al. 
2015) and have instead focused only on species richness, 
thus limiting the acquisition of information regarding the 
resources available for fauna (Jara-Guerrero et al. 2011). 
Spatial floristic heterogeneity and fruiting seasonality may 
result in differences in the distribution and abundance of 
resources among sites and between seasons (Maruyama 
et al. 2019), and more studies that relate environmental 
seasonality to fruiting season based on records collected 
over time are needed (Polansky & Boesch 2013). One study 
that addressed plant phenology under the Cerrado’s highly 
seasonal rainfall has suggested that most gallery forest 
species tended to fruit in the wet season, although the most 
abundant species fruit all year round (Gouveia & Felfili 
1998). However, in that study a single gallery forest stand 

was studied. Another study with 15 plant species found a 
slight majority of plant species from forest habitats fruiting 
during the dry season (Maruyama et al. 2019).

The core region of the Cerrado domain is currently 
represented by numerous patches of native vegetation in 
isolated protected areas surrounded by a matrix of highly 
modified rural, urban and periurban areas (Alencar et al. 
2020). In the fragmented landscape of this highly threated 
domain, it is of particular interest to understand the spatial 
and seasonal abundance of fleshy-fruited trees, a potential 
food source for the local frugivores.

We hypothesized that because gallery forests present 
low species similarity among sites (Silva-Júnior et al. 2001) 
and fleshy-fruited tree species can comprise 73-86 % of tree 
species in these forests (Kuhlmann & Ribeiro 2016) resources 
available to the fauna would differ spatially following 
species composition, species abundance and seasonal fruit 
availability. We tested the following hypotheses: 1) Gallery 
forest sites differ from one another in composition and 
abundance of fleshy-fruited trees and this difference is due 
to the distance between the sites; 2) Gallery forest sites differ 
from one another in seasonality of fleshy-fruit availability; 
3) Trade-offs operate between species composition, species 
abundance and species seasonality that tend to maintain 
year-round availability of fleshy fruits at landscape scale.

Materials and methods

Data collection
Abundance data for tree species of 10 gallery forest 

stands (each representing a different site) were compiled 
from the literature (Fig. 1; Tab. S1 in supplementary 
material). All ten sites were sampled between 1986 and 
2013 (i.e., time lapse of data collection was ignored in the 
analysis). The studies were carried out in gallery forests 
stands in the Distrito Federal, in Brazil (15°47´30” S; 
47°53’23” W), at an altitudinal range of 900-1,000 m a.s.l. 
In the Cerrado region of Brazil gallery forests form paths 
of tropical rainforest immersed in the tropical savanna 
vegetation on the fringes of narrow water courses, such as 
along streams and around springs. According to Köppen’s 
classification, the climate of the region is Aw, with two 
well-defined seasons: a rainy summer (October to April) 
and a dry winter (May to September). The mean annual 
temperature of the region varies between 20 and 26°C 
(Eiten 1972). Annual average precipitation is about 1,400 
mm (Borges et al. 2014). All gallery forest areas in this 
study, except GF2, GF7 and GF8, are included in protected 
sites (i.e., public or private conservation units) and most 
of them are surrounded by farms and cities.

We included studies that recorded trees with a diameter 
at breast height (DBH) greater than or equal to 5 cm (i.e., 
a pattern followed by most floristic studies done in the 
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region). The study region, which encompasses approximately 
6,000 km2, possesses high tree species richness with 1,268 
species (Proença et al. 2001), representing 68 % of the woody 
flora of the Cerrados domain (Mendonça et al. 2008).

We compiled data for the trees of each forest stand for 
species, family, number of individuals and diaspore dispersal 
syndrome (i.e., the probable dispersal agent according to 
fruit and seed characteristics). Individuals that were only 
identifiable to the level of family or genus were excluded, 
with the exception of genera that were recorded only once in 
a single forest, since the same genus recorded in two or more 
forests may or may not belong to the same species. Subspecies 
and varieties were grouped under their respective species.

Figure 1. Geographic locality of the 10 surveyed gallery forests 
in the Distrito Federal, Brazil. Watersheds: Tocantins-Araguaia 
(light grey, at the top); São Francisco (dark grey, on the right); 
Paraná (white). The straight-line distance between the forests 
varies from approximately 0.5 to 54 km. (Scale=1:1,193,000). 
For further details of the gallery forests (GF1, etc.) see Table S1 
in supplementary material.

The diaspore dispersal syndromes of the compiled species 
were obtained from the literature (Oliveira & Paula 2001; 
Pinheiro & Ribeiro 2001; Kuhlmann & Ribeiro 2016) and 
the web database available in Flora Brasiliensis (http://
florabrasiliensis.cria.org.br/; accessed on 30 July 2020). 
The species were classified as zoochoric (i.e., fleshy-fruited 
species) or non-zoochoric (Pijl 1982), with the former being 
divided into ornithochoric (i.e., species with small, colourful 
against green foliage and less scented diaspores) and non-
ornithochoric (Valenta & Nevo 2020).

Data analysis

Comparisons among areas: species richness, diversity and composition 
of the most abundant fleshy-fruited trees

Since sample sizes differed among the sites, they were 
compared under the same completeness of sample (i.e., 

sample coverage) by interpolation or extrapolation. This 
method is generally considered to be less sensitive to large 
sample size or when comparing different sample sizes or 
sampling methods (Chao et al. 2014). Diversity curves as 
a function of coverage are used to compare the diversity 
of different sites, thus standardizing the estimates. For 
extrapolation we used the abundance matrix of each 
species (columns) in each forest stand (rows) and obtained 
richness and diversity estimates as Hill numbers. These 
values can be compared and expressed in different units 
of abundance: q=0 corresponds to species richness (i.e., 
it does not consider abundance); q=1 corresponds to the 
exponential of Shannon’s entropy index (i.e., it gives rare and 
abundant species the same weight); and q=2 corresponds 
to the inverse of the Simpson concentration (i.e., it gives 
rare species low weight) (Chao et al. 2014).

Typical tree species (fleshy-fruited or not) of each 
forest stand were obtained by ranking them by their 
abundance and then selecting them according to the 
number of species using Hill diversity q=1 (with coverage 
of 0.98) (Tab. S2 in supplementary material). Nonmetric 
multidimensional scaling (NMDS) was used to order the 
sites in multidimensional space in terms of fleshy-fruited 
tree species abundance, which represent possible resources 
available to the fauna in each forest, we applied the Hellinger 
transformation on the species abundance matrix and 
then performed NMDS using the Bray-Curtis similarity 
index (Legendre & Legendre 2012). A Mantel multivariate 
correlogram with three distance classes (approximately five, 
12 and 20 km) was calculated to evaluate the occurrence 
of spatial autocorrelation (Legendre & Legendre 2012).

Comparison between seasons: fruit availability likelihood

Differences in fruit availability in forest stands between 
dry (May to September) and wet (October to April) seasons 
were evaluated by comparing the richness of abundant 
fleshy-fruited tree species in each forest stand, after ranking 
them by abundance and selecting only the abundant species 
as estimated by Hill diversity q=2 (i.e., abundant ones). 
Only half the number of individuals of dioecious species 
was considered (Bierzychudek & Eckhart 1988) to better 
represent the possible available food for the fauna in each 
season. To define the seasons, the months of April and 
September were considered transitional between wet to 
dry and dry to wet respectively. The fruiting seasons of the 
species were obtained from herbarium records available in 
SpeciesLink (http://splink.cria.org.br; accessed on 2 April 
2019) and GBIF (https://www.gbif.org; accessed on April 
2 2019) databases, with preference given to records in 
the Cerrado within two degrees latitude and three degrees 
longitude from the Distrito Federal to avoid the influence 
of spatial variation in reproductive phenology. Most records 
(5,238 out of 6,042) originated between 1978 and 2018. 
The phenological predictability index (PPI) was used to 
determine the probability of species being in fruit per month 

http://florabrasiliensis.cria.org.br/
http://florabrasiliensis.cria.org.br/
http://splink.cria.org.br
https://www.gbif.org
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(Proença et al. 2012). PPI ranges from approximately 0 
to 1, with a given phenological event being more likely to 
occur as its PPI value approaches 1. To avoid misestimating 
the fruiting probabilities, 15 species (22 % of the total) 
with low numbers of unique fruiting events (i.e., unique 
combination of month and year) in the herbarium record 
were not considered in the analysis (considering the 
reliability threshold proposed by Proença et al. (2012) (Tab. 
S3 in supplementary material).

All analyses were made in R except PPI probabilities. 
The iNEXT function [(Chao et al. 2014), supplementary 
material] was used for sample coverage. The vegan package 
was used for NMDS using the metaMDS function (version 
2.5-6; (Oksanen 2011)) and the Mantel correlograms, 
and the BiodiverstyR package (https://cran.r-project.org/
web/packages/BiodiversityR/index.html) was used for the 
abundance rankings. PPI calculations were run in BRAHMS 
v. 7 (Botanical Research and Herbarium Management 
System (http://dps.plants.ox.ac.uk/bol/). To express 
monthly variation in resources for frugivores for each 
gallery forest, monthly PPI values for the main fleshy-fruited 
species present were multiplied by the relative abundance 
values of the species in the tree community of each forest 
stand. These were then added up to provide a value that 
reflected the likelihood of fruit being available in a stand 
(henceforth referred to as Fruit Availability Likelihood, 
FAL). Species in which the maximum PPI value was at least 
three times that of the minimum PPI value, and occured 
in different seasons, were classified as seasonal specialists: 
WET, DRY, transitional WET TO DRY or DRY TO WET. 
Species that failed these criteria were classified as SEASON 
NOT DEFINED, e.g., are predicted to be equally probable to 
fruit either in the wet, dry or transitional seasons.

Results
The number of fleshy-fruited species and individuals 

varied among the gallery forest stands (Tab. 1) and the 
effect of distance on differences in floristic composition 
among stands, expressed by the Mantel correlogram, was 

significant for the first two distance classes (P<0.05). The 
NMDS ordination showed a continuous gradient of variation 
in floristic composition. The NMDS ordination separated 
flooded (or with flooded patches) gallery forest stands GF7, 
GF8 and GF9 from the other stands on well-drained soils in 
axis 1, and geographic distance contributed to the separation 
among the sites in axis 2 (Fig. 2). Across all stands, 73 % 
of the species and 81 % of the individuals were classified 
as zoochoric, with dominance of ornithochoric dispersal. 
In most of the forests, about 35 % of fleshy-fruited species 
were dioecious (Tab. 1).

Figure 2. Non-metric multidimensional scaling of the 10 surveyed 
gallery forests according to the abundance of tree species (Kruskal’s 
stress=6.13). ∆= zoochoric species; ○= non-zoochoric species. 
Names are provided only for the highly abundant tree species 
(> 42 % of the individuals in each gallery forest). For full species 
names, see Table S2 in supplementary material; for further details 
of the gallery forests see Table S1 in supplementary material.

Typical species (i.e., according Hill diversity q=1) 
invariably showed wide geographical distributions. Most 
are not endemic to Brazil and occur throughout forested 
areas of South America (such as in the Atlantic Forest or 
Amazon Forest); the species with the narrowest distribution 
found (Protium brasiliense) occurred in Gallery Forests 
and Atlantic Forest in seven Brazilian states as well as the 
Distrito Federal; only one (Byrsonima laxiflora) was a Gallery 

Table 1. Sample coverage; species number and abundance of zoochoric, zoochoric and dioecious, non-zoochoric and ornithochoric 
trees in ten forests; and percentage of abundant zoochoric species (see Tab. S3 in supplementary material) with higher chances of 
fruiting in each of the seasons. Ind.= individuals. Dry to Wet = September, a transition month. Definitions for the abbreviations for 
the different gallery forests are found in Table S1 in supplementary material.

GF1 GF2 GF3 GF4 GF5 GF6 GF7 GF8 GF9 GF10
Coverage (%) 96.4 97.1 97.7 98.8 97.9 98.5 99.6 98.9 99.5 97.1

No. zoochoric species (Ind.) 52 (487) 91 (854) 77 (746) 60 (782) 78 (634) 64 (845) 38 (1413) 76 (959) 39 (1375) 77 (885)
% zoochoric and dioecious species (Ind.) 30 (10) 33 (22) 39 (28) 32 (24) 37 (26) 34 (34) 50 (34) 33 (29) 41 (23) 42 (30)

% non-zoochoric species (Ind.) 37 (23) 27 (17) 22 (22) 25 (17) 29 (34) 25 (16) 10 (16) 31 (17) 12 (23) 26 (13)
% ornithochoric species (Ind.) 90 (74) 87 (86) 88 (93) 87 (82) 92 (89) 86 (83) 100 (100) 87 (93) 97 (99) 87 (89)

Wet (%) 33 26 26 23 25 19 0 16 8 26
Dry (%) 8 11 11 11 9 5 0 6 0 4

Dry to Wet (%) 0 0 0 4 0 5 0 3 0 0
Both seasons (%) 33 55 42 46 59 48 83 56 67 55

https://cran.r-project.org/web/packages/BiodiversityR/index.html
https://cran.r-project.org/web/packages/BiodiversityR/index.html
http://dps.plants.ox.ac.uk/bol/
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Forest specialist (Flora do Brasil 2020 2020). Data samples 
from all forest stands were considered highly complete 
(coverage >95 %) (Tab. 1). Sharing of the most abundant 
species was low, with most species being associated with one 
or a few forest stands, revealing strong floristic differences 
amongst them (Fig. 3). In addition, in GF1, GF7 and GF9, 
most individuals belonged to just a few species (Fig. S1 
in supplementary material), most of them fleshy-fruited, 
except Ferdinandusa speciosa and Cedrela odorata that have 
dry, probably wind dispersed fruits (i.e., non-zoochoric).

Fruiting in both the wet and dry seasons was the most 
common pattern for the abundant species and fruiting 
mainly in the dry season was the least common (Tab. 1; 
Tab. S3 in supplementary material). For example, nearly all 
abundant species in GF7 had the same chance of fruiting 
in the wet and dry season while only a few species from 
GF1 and GF10 had a higher chance of fruiting only in dry 
season (Tab. 1). Also, the abundant species that had a 
higher probability of fruiting during the wet season were 
concentrated in just a few stands (e.g., Cordiera macrophylla, 
Eugenia florida and Guettarda viburnoides in GF10, GF2 and 
GF1, respectively) (Fig. 3).

Seasonal variation in fruit availability likelihood (FAL) 
was more pronounced in some forests (e.g., GF2, GF9 and 
GF10) than in others (e.g., GF3, GF4 and GF7). The highest 
values of FAL were invariably recorded during the rainy 
season (Fig. 4), and the peak FAL month in nine out of the 
10 stands was October (the exception was GF1 in which the 
peak month was March). Low values of FAL followed two 
slightly different patterns. One group of stands showed a late 

wet season dip with lowest values of FAL in the transitional 
month of April (e.g., GF2, GF3, GF4, GF9 and GF10). The 
other group showed a mid-year dip with lowest values of 
FAL at the height of the dry season, either June (e.g., GF5 
and GF8) or July (e.g., GF1, GF6 and GF7).

Discussion

Gallery forest spatiality
We confirmed that gallery forest sites differ from one 

another in composition and abundance of fleshy-fruited 
trees and that the difference is influenced to some degree 
by the distance among the sites. Spatially structured 
environmental variables can be responsible for differences 
in forest plant species richness and abundance (Murphy 
et al. 2015) and be influencing variability in the resources 
available to the fauna in the 10 studied gallery forests. 
Environmental heterogeneity is known to increase plant 
richness (Veneklaas et al. 2005), including fleshy-fruited 
species (Almeida-Neto et al. 2008; Jara-Guerrero et al. 2011). 
However, in spite of the significant spatial autocorrelation 
between forests that we found distance cannot be primarily 
responsible for the variation in plant richness among areas, 
as suggested by Oliveira-Filho & Ratter (1995). In fact, 
some of the stands were geographically close, in the same 
watershed and yet had very different floristic compositions. 
Being located within the same watershed may determine 

Figure 3. Relative density of the 33 species that ranked 1st-5th most abundant (> 42 % of the individuals in each gallery forest) in 
the 10 gallery forests. Unmarked species represent zoochoric trees fruiting during both wet and dry season. Marked species: *non-
zoochoric; 1-2zoochoric trees fruiting in transition between dry to wet season; 2zoochoric trees fruiting in wet season; +zoochoric trees 
that were not included in the seasonal analyses due to lack of phenological data. For full species names, see Table S2 in supplementary 
material; for further details of the gallery forests see Table S1 in supplementary material.
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Figure 4. Sum of the fruit availability likelihood (FAL) values (bars) (probability of fruiting (PPI) multiplied by the relative abundance of 
the species per gallery forest), and average precipitation from 1995 to 2015 (line) (http://www.inmet.gov.br/portal/index.php?r=bdmep/
bdmep, accessed on 5 August 2019). Only zoochoric, abundant species according to the Hill number, q = 2 were considered. We also 
considered only half of the individuals of dioecious species to correct for the abundance of individuals in fruiting. For further details 
of the gallery forests (GF1, etc.) see Table S1 in supplementary material.

http://www.inmet.gov.br/portal/index.php?r=bdmep/bdmep
http://www.inmet.gov.br/portal/index.php?r=bdmep/bdmep
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floristic and structural similarities among environments 
(Condit et al. 2002), but local conditions, such as soil 
properties, may be responsible for differences in plant 
communities between nearby forests (López-Martínez et 
al. 2013), as well as random or historic factors.

However, results showed variation in species 
composition and abundance amongst the stands is most 
strongly associated with the forest types (i.e., flooded 
or non-flooded gallery forests). Due to the varied slopes 
of the terrain, gallery forests have high environmental 
heterogeneity, including levels of moisture, organic 
matter and soil nutrients (Oliveira-Filho 1989). Flooded 
patches of forest, which can lead to high soil moisture, is a 
determining factor of the floristic variation among gallery 
forests (Ribeiro & Walter 2008). It also affects the physical, 
chemical and biological properties of the soil, resulting in 
stress to which some species are well-adapted while others 
are not (Veneklaas et al. 2005). Some species are known to 
be indicators of flooded environments, such as Ferdinandusa 
speciosa, Richeria grandis and Xylopia emarginata (Sampaio 
et al. 2000; Guarino & Walter 2005). These species were 
only abundant in a few forests in the present study (GF7 
and GF9), which were also those that had a low number of 
hyper-abundant fleshy-fruited species. The higher or lower 
percentages of dioecious species amongst fleshy-fruited 
trees further compounded these differences.

In addition to environmental variables, seed dispersal 
ability (Wright et al. 2005; Morales et al. 2013) may also 
influence spatial floristic heterogeneity. The efficiency of 
seed dispersal by animals, which can connect different 
areas (Emer et al. 2018), may explain species sharing 
among distant sites while dispersal limitation may increase 
dissimilarity among sites that differ in tree species diversity 
(Murphy et al. 2015). Birds are considered the main 
frugivores and dispersers in the Cerrado biome (Kuhlmann 
& Ribeiro 2016), and their abundance and the variety of 
their diets are directly related to the richness and abundance 
of the available fruits (Darosci et al. 2017). Some of these 
frugivores may to forage in numerous gallery forests to 
exploit the diversity of fruits (Blendinger et al. 2012) to 
supplement their diet (Whelan et al. 1998), thus increasing 
the range of seed dispersal within a region, as was found by 
Morales et al. (2013). Although fleshy-fruited tree species 
communities in tropical forests can be limited to just a few 
hyper-abundant species, these locally abundant species may 
play an important role as food for frugivores (Stevenson 
et al. 2015; Staggemeier et al. 2017). Therefore, regional 
diversity of fleshy-fruited tree species, as well as that of each 
forest, is important for faunal diversity and conservation. 
Our results support the idea that gallery forests embedded 
within a matrix of savanna or isolated in a fragmented or 
anthropic landscape, show similar patterns to those of 
continuous tropical forests (Jara-Guerrero et al. 2011; ter 
Steege et al. 2013; Pessoa et al. 2016): low similarity of 
fleshy-fruited species between stands, hyperdominance of 

certain species in some of the stands, with the occasional 
presence of these hyperdominants as rare or infrequent 
species in other forests.

Seasonality of gallery forests
Resources for the fauna are probably available all year 

round in the studied forests, regardless of the type of forest, 
as indicated by the high percentage of fleshy-fruited species 
with similar chances of fruiting in the wet and dry season. 
In some cases, the correlation between rainfall seasonality 
and fruit phenology can be weak or negative, and light can 
be determinant to fruit production (Polansky & Boesch 
2013). Conservative strategies for the exploitation of 
environmental resources, such as soil moisture, lead some 
plants to reproduce regardless of the season.

Despite availability of fruit resources, the whole year 
round, the number of species more likely to fruit during 
the wet season was higher than species more likely to fruit 
in the dry season (e.g., GF1 and GF10). From a literature 
review, 42 % of phenology studies made in seasonally flooded 
forests – including gallery forests - reported fruiting peaks in 
the rainy season and 21 % in the dry season. Other studies 
reported peaks in the transitional periods or the data was 
not available (Mendoza et al. 2017). Differences in fruit 
availability among areas and in response to seasonality 
can cause the fauna to adapt to changes in resource 
levels (Darosci et al. 2017) or to move among different 
environments or regions in search of food (Maruyama et 
al. 2019). Also, some birds exhibit territorial behaviour or 
low mobility among different areas (Emer et al. 2018), or 
only include fruits with high nutritional value that are only 
available at certain times of the year in their diet (Darosci 
et al. 2017). Thus, some frugivores can be more sensitive 
to less diverse food availability and be more dependent on 
local resources in times of scarcity (Maruyama et al. 2019). 
More studies are necessary to analyse if this is the case in the 
studied region. Sites that differ in food resource diversity can 
contribute to feeding the fauna during periods of scarcity, 
and would thus be considered considered fundamental to 
the maintenance of frugivore communities (Griz & Machado 
2001). Regardless of the decrease in food availability during 
the dry season in some forests, Cerrado gallery forests may 
be less affected by seasonality than other vegetation types, 
thus receiving the fauna associated with other Cerrado 
phytophysiognomies during the dry season (Cavalcanti 
1992). The difference in the number of fruit consumers 
between dry and wet seasons may not be apparent at 
the local scale in the Cerrado (Vieira et al. 2013) because 
associations between frugivore abundance and temporal 
and spatial food availability may be only detected at the 
regional scale (Guitián & Munilla 2008).

Asynchronous fruiting is common in communities where 
zoochory predominates as a strategy to avoid competition 
for frugivores and ensure seed dispersal (Staggemeier et al. 
2017). High fruit availability in the same space and at the 
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same time is directly correlated to high local bird diversity 
and competition among fleshy-fruited plants (Darosci et 
al. 2017). The populations of potential bird dispersers may 
increase seasonally in some regions of the Cerrado, especially 
at the beginning of the wet season (Negret 1988), and thus 
the fruiting season might be conditioned to take advantage 
of this seasonal increase of seed dispersers. We observed 
with interest that while periods of high fruit availability 
likelihood (FAL) were highly synchronized between gallery 
forests, periods of low FAL were much less so, possibly 
making frugivore movement between gallery forests more 
likely during the latter period than the former. As far as we 
are aware, this is a new finding that has not been previously 
reported.

Gallery forest year-round fruit availability
Year-round availability of fleshy fruit seems to be 

achieved mostly due to the predominance of species that 
fruit in both wet and dry season across all stands and 
forest types. Our studies used average values to estimate 
seasonality. FAL values (Fig. 4) reflect the likelihood of 
finding the species in fruit over 40 years (1978-2018), but 
the actual FAL values in any given year could be much more 
pronounced. Three phenological field studies in the Distrito 
Federal that recorded fruiting of fifteen of our typical species 
during a single, or sometimes two consecutive fruiting 
seasons (Proença & Gibbs 1994; Antunes & Ribeiro 1999; 
Horstmann 2015) were compared to the herbarium record. 
Herbarium data showed that these 15 species were found 
in fruit between 8-12 months of the year (x=10.5 months) 
over 40 years; field-based phenology data, however, showed 
that these same species, during any given season, were in 
fruit between 1-12 months (x=2.9 months); if we remove 
the outlier Magnolia ovata, whose large woody fruits take a 
year to mature, then the field fruiting range is between 1-6 
months. Field records did, however, confirm seasonality in 
all cases in which we were able to attribute season. In most 
cases, field records also matched the season of the month of 
the highest probability when differences between high and 
low phenological predictability index (PPI) values were too 
close and the species was considered as season not defined. 
Interestingly, in three out of the four cases in which the 
season of the field record did not match our maximum 
PPI month, the species appears to be a supra-annual fruit 
producer: Cecropia pachystachya, Protium heptaphyllum, 
and Pera glabrata showed this pattern (17-month study; 
Horstmann 2015). Another aspect to be considered is that 
herbarium records that state that a species is in fruit may 
apply to both mature and immature fruit; thus, periods of 
mature fruit could be shorter than fruiting periods in the 
herbarium record. This would tend to affect plant species 
that take more than a month after flowering for the first 
mature fruits to appear, since PPI are based on monthly 
scores. Conversely, the herbarium record is probably biased 
towards mature fruits, since plants with mature fleshy 

fruits may be more likely to be collected than those with 
immature fruit (Cavallin et al. 2016).

Proving or disproving trade-off between species 
composition, species abundance and species seasonality 
would need long term field studies of gallery forest 
fruiting phenology (probably of three years or more) with 
gallery forests chosen based on their contrasting floristic 
compositions. Recording the periods of mature fruit, as 
well as estimating available pulp biomass, as was done 
by Staggemeier et al. (2017) for the Atlantic Forest could 
further refine the results.

Conclusion
The resources available to the fauna differed spatially 

following tree species composition, abundance and fruit 
availability in time as initially hypothesized. In this way, the 
spatial variation in the diversity of available food resources 
among the gallery forests found in this study may be even 
more important for the fauna during the dry season, when 
few fleshy-fruited tree species are fruiting in some sites. 
Differences in species composition and abundance among 
the forests would thus compensate for local reductions 
in food resources, which reinforce the need to conserve 
different gallery forest stands (Stevenson et al. 2015). 
Although the spatial and temporal variation in abundance of 
fleshy-fruited trees among gallery forests may contribute to 
landscape-scale diversity and fleshy fruit availability for the 
local fauna (Emer et al. 2018), the isolation of these forests 
in fragmented landscapes can hinder animal movement and 
the dispersal of diaspores between them, thus potentially 
decreasing plant recruitment (Correa et al. 2015). Our 
results may aid in the selection of trees for restoration 
of riparian vegetation that enhances the persistence of 
plant and animal species at landscape and regional scales. 
Hyper-abundant fleshy-fruited species that are more likely 
to fruit in the dry season (e.g., Virola sebifera) should be 
prioritized in forest restoration initiatives to increase food 
supply for frugivores during low FAL periods. Fleshy-fruited 
species that are ubiquitous in the studied gallery forests 
and fruit throughout the year (e.g., Cheiloclinium cognatum, 
Protium spruceanum, Richeria grandis, Tapirira guianensis and 
Xylopia emarginata) should also be considered, since they 
may represent a continuous source of food for frugivores. 
The low similarity in fleshy-fruited tree species found in 
the ten gallery forests, in a small region of the Cerrado 
serves as reinforcement for public conservation policies to 
protect these pathches of depleted tropical rainforest that 
run through the Brazilian savanna (Rodrigues et al. 2011).
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