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Abstract
Birds play a crucial role in plant reproduction, being one of the most important pollinators and seed dispersers among vertebrates.
Here, we aim to study plant-bird interactions in the Cerrado biome of Brazil, highlighting existing mutualistic relations and their
role in forest regeneration processes. We sampled plants and recorded feeding events and other interactions between frugivorous
birds and tree and shrub species in forest and non-forest environments between May 2015 and July 2016. We registered 74 plant
species of 36 genera in 23 families, along with 44 bird species, 63.7% of which were frugivores. The rainy season (September-
October) offered the highest resource availability for birds, therefore most feeding events and other interactions also occurred
during this period. Approximately 64% of the plants observed at the study site had zoochoric dispersal and more than half of them
relied on birds.We found a variety of bird species interacting with plants that supplied their food in urban fragments and highlight
the relevance of plant-bird interactions to maintaining urban ecosystems. This result demonstrates the importance of maintaining
forested environments, as habitat loss reduces ecological interactions, leaving only a few healthy ecological systems as scattered
forest fragments within the urban matrix.
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Introduction

Ecological communities are comprised of diverse populations
that interact with each other in a dynamic way (Skarpe 1992).
These populations vary spatially and temporally and are

affected by interactions with other species (Rosenzweig
et al. 2008). These interspecies dynamics depend profoundly
on the way species interact (Jordano et al. 2003; Bascompte
and Jordano 2006), their development, life cycle and behavior
(Trøjelsgaard and Olesen 2016). Ecological interactions be-
tween individuals of different species are a crucial component
of biodiversity (Guimarães 2010). By understanding these in-
teractions, it is possible to recognize patterns related to eco-
system stability and therefore apply specific conservation ac-
tions to maintain biodiversity. Seed dispersal by frugivores is
one of the most common plant-animal interactions
(Purificação et al. 2014). This interaction is characterized by
key bird species that interact with specific plant species, i.e.
frugivorous birds that act as seed dispersers of several plants.
Since most plants depend on animals for their seed dispersal,
the temporal dynamics between plants and animals at different
scales (e.g., seasons and life forms) indicate important chang-
es in the structure of the community, since animal populations
track the fruiting periods of many plant species (Schupp and
Fuentes 1995). This interdependence between plants and birds
is essential to maintain phenology and other ecological pro-
cesses within the community and is also a crucial component
of community restoration (Githiru et al. 2002).
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In tropical forests, 50 to 90% of plant species produce
zoochorous fruits (Howe and Smallwood 1982), which are
involved in the vast majority of plant-bird interactions
(Marjakangas et al. 2019). Despite the high avian and plant
diversity of tropical savannas, few studies have been conduct-
ed on avian frugivory and seed dispersal in this biome in the
context of interaction networks (Maruyama et al. 2019). One
such tropical savanna is the Brazilian Cerrado, which is home
to a high number or endemic and threatened species
(Maruyama et al. 2019). Plant-bird interaction networks in
the Cerrado are weakened by habitat degradation, as well as
fragmentation near large urban centers (Souza et al. 2019).
Urban fragments form a complex system that act as a refuge
for biodiversity, consisting of isolated patches of vegetation
that give home to a variety of animal species (Primack and
Rodrigues 2001). In seasonal tropical environments, repro-
duction and seed dispersal occur during the most favorable
season, when the diversity of the associated seed dispersers
is the highest. Most studies report species richness and abun-
dance, phenotypic traits and general observations without
considering more delicate details (Aronson et al. 2017).

These other attributes, such as number of interactions per
plant species, number of bird species per interaction, connec-
tivity, specialization, nesting, modularity, completeness and
degree distribution can shape the interactions within a commu-
nity and can be expressed by metrics to inform us about the
resilience and diversity process of the community (Aronson
et al. 2017).We quantified the number of interactions as binary
data and estimated the existing interactions in the community
as a whole. Connectivity index is a proportion of observed
interactions in relation to total interactions, and its application
is based on the observation that more connected networks have
higher ecological redundancy and consequently higher stabil-
ity in the interaction network (Jordano 1987; Jordano et al.
2006). Along with connectivity, specialization and nesting go
together and rely on the understanding that mutualistic inter-
actions at the community level are influenced by recurrent
nesting detection (Bascompte et al. 2003). Nesting is higher
when specialist species interact with generalists, generalists
interact with each other and there is no interaction between
specialists (Freitas et al. 2014). Specializationmakes it possible
to identify key species in nesting (e.g., networks with the
highest nestedness are the largest connectivity structures in a
tropical forest). This nested structure can mitigate secondary
extinctions or temporal fluctuations in the abundance and rich-
ness of the community. Similarly, modularity can shape and
select modules (i.e., subsets of species that interact more with
each other than with the other species in the network) of inter-
actions between populations over time. Modularity, complete-
ness and degree distribution are important and often-used met-
rics that are represented by a node and are connected by links
that represent observed interspecific interactions (Bascompte
and Jordano 2006).

While natural remnants have received a lot of attention,
little is known about plant-bird interactions and metrics in
the urban savanna. As these remnants are under continuous
anthropogenic pressure, we need further studies on urban frag-
ments to inform the conservation of the vegetation (Piratelli
et al. 2017). To understand fruit-frugivore interactions, we
need tools that describe ecological processes well, including
those in urban environments, where interactions may be more
sensitive to change compared to natural habitats (Bender et al.
2018). Few studies have considered temporal interaction net-
works in highly diverse tropical environments (Vizentin-
Bugoni et al. 2018; Souza et al. 2018). Studies in such urban
environments may offer new perspectives on the temporal
structure of interactions between plants and their mutualistic
partners (Weinstein and Graham 2017). Here we focus on
mutualistic plant-bird interactions in naturally regenerating
forest and non-forest urban fragments. We study plants (in-
cluding the phenology of tree and shrub species) and evaluate
temporal patterns of occurrence of birds in forest and non-
forest (Savanna) fragments. We characterize the seasonal dy-
namics of plant-bird interactions using interaction networks
and analyze network metrics to characterize the overall struc-
ture (number of interactions per plant species, number of bird
species per interaction, connectivity, specialization, nesting,
modularity, completeness and degree distribution). Finally,
we investigate how these structure networks change in differ-
ent Cerrado formations and with different plant growth forms
at the species and community levels.

Specifically, we test the following three hypotheses: (i)
during the rainy season more plant species are in a reproduc-
tive phase providing a higher availability of zoochoric fruits,
which corresponds to greater bird species richness; (ii) since
the plant phenology diversity differs between forest and non-
forest vegetation types, their interaction networks vary in their
diversity depending on the life form of zoochoric species; and
(iii) regenerating vegetation causes generalist bird species to
dictate the structure of interactions. Higher resource availabil-
ity allows for finer niche division, while low specialization is
accompanied by high overlap in interspecific interactions,
manifested in high nestedness, emphasizing the presence of
generalist species in the interaction networks.

Methods

Study site

Our two study sites were located in the state of Mato Grosso
do Sul in Brazil (20°23’00” S and 54°36’00”W) (Fig. 1), on a
property that belongs to the São Vicente Institute, Dom Bosco
Catholic University. At the time of this study, 114 hectares of
the property were under extensive livestock grazing (Silva and
Cheung 2012). One study site has been designated as
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Permanently Protected Area (Área de Preservação
Permanente), with 10 ha of gallery forests and riparian forests,
while the other one is a 20 ha Cerrado Legal Reserve (which is
the minimum size (20% of the total area)) of native vegetation
cover required by law for properties (MMA 2018) composed
of forest and non-forest savanna. The region has two well-
defined seasons, a dry winter and a rainy summer, with an
average annual temperature of 25.6 °C and the average annual
precipitation of 254.7 mm (Dom Bosco weather station).

The original vegetation of the study sites was savanna for-
mation (Brazilian Cerrado biome), with regional variations
from herbaceous vegetation (commonly phytophysiognomy
called “cerrado sensu stricto” in Brazil) to forested savanna
(Guimarães et al. 2006). All sites were deforested to accom-
modate livestock grazing and now only small remnants and
regenerating fragments of non-forest vegetation remain (be-
tween 5 and 20 years of regeneration). The cerradão area
(Brazilian phytophysiognomy) is currently regenerating, with
73% of the plant community composed of pioneer species
(Cheung et al. 2016). Therefore, we distinguished two frag-
ment types: forest (fragments composed of riparian and tall

forests) and non-forest (fragments composed of dry and closed
forests, i.e., “savanna”).

Data collection

We sampled plants and birds on the same five days monthly
from May 2015 to July 2016. We conducted both the plant
and the bird surveys on four 6 km long transects (two in non-
forest (Savanna) and two in forest vegetation). The transects
were separated by two km. We surveyed birds during the first
three hours of the day, taking advantage of the high activity of
diurnal species and also three hours before sunset, correspond-
ing to the end of diurnal bird activities and the beginning of
that of nocturnal species. Two observers slowly walked the
transects and recorded all species seen or heard, including
those flying over the transects. We identified birds at the spe-
cies level using binoculars and a field guide (Gwynne et al.
2010). Plant surveys were conducted monthly. Shrubs and
trees that were in the fruiting phase were identified using spe-
cialized literature (Lorenzi 2002 2009), using nomenclature
recommended by Herbarium Virtual Reflora and Flora do
Brasil databases (http://floradobrasil.jbrj.gov.br/).

Fig. 1 Map of Brazil (a), the
capital city Campo Grande in the
state of Mato Grosso do Sul (b),
and the study sites showing local
vegetation types (c)
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We determined avian trophic guilds using definitions by
Levey et al. (1984) sensu lato, i.e., a species is classified as
a frugivore if it includes fruit in its diet for at least one season
or life phase, and not just those that feed exclusively on fruit.
We considered plant-bird interactions as defined in the litera-
ture, i.e., any visit for food consumption by a frugivorous
animal (Van der Pijl 1982; Oliveira et al. 2015). We recorded
as “interaction” when a bird consumes the fruits of a plant as
described in the literature (1) or did not consume fruits (0).
Using this definition, we identified which plant species the
birds were feeding on.

Data analysis

First, we quantified seasonal variations in the observed
interactions, evaluating the monthly average number of
frugivorous bird species and the plant species they fed
on. For our first hypothesis (the availability of fruiting
plants influences bird species richness), we used a linear
regression of plant species richness of forest and non-
forest fragments on bird species richness. To test our sec-
ond hypothesis (the relation between feeding events in
forest and non-forest fragments and the tree and shrub
species present), we performed a chi-square test (χ²) using
contingency tables (Zar 1999) to ascertain if there were
more records of feeding events and interactions associated
with the different life forms (trees and shrub) and to de-
termine how these values differed between forest forma-
tions and non-forest formations.

Subsequently, we transformed the raw data (weighted ma-
trix) into six binary (presence/absence) matrices, considering
only presence (1) or absence (0) of the interaction: forest
shrubs, non-forest shrubs, forest trees, non-forest trees, forest
and non-forest trees and shrubs. Using the resultingmatrix, we
calculated the metrics for ecological networks, such as number
of interactions per plant species, number of bird species per
interaction, completeness, connectivity, specialization,
nesting, modularity, sampling intensity and degree distribu-
tion, using the methods described by Melo et al. (2016). To
calculate the number of interactions from the matrix formed,
we used the function “sum” and “rowSums” for the number of
interactions per plant. For the number of bird species per
number of interactions, we use the “sapply” function in R
version 3.3.4 (Core Development Team 2018). If after evalu-
ating the number of interactions we found no difference be-
tween shrubs and trees, we used the Chao2 species richness
estimator (Chao 1987) to analyze sample completeness using
the “iNEXT”, “estimateR”, and “ChaoSpecies” functions of
the bipartite (Dormann et al. 2008) and iNEXT packages
(Hsieh et al. 2016) in R.

Sample completeness was calculated from the occurrence
of each plant species (only forest and non-forest) with repeat-
ed sampling of interactions (thereby constructing the typical

species-species interaction matrix). We calculated the connec-
tivity and specialization rates using the “networklevel” func-
tion of the bipartite R package. To calculate per species spe-
cialization (both plant and bird), we used the “specieslevel”
function with index “d”. For this index, the values range from
0 (no specialization) to 1 (full specialist). We calculated
nesting using the “NODF2” method in the “nested” function,
where the closer the value is to 100, the more nested the
network. For modularity we applied the “computeModules”
function using steps randomizedmatrix (10,000,000) from the
real matrix, using the null model 2 of Bascompte et al. (2003)
in the vegan package (Oksanen et al. 2013), where the closer
the value is to 1, the higher the modularity.

We calculated sampling intensity (forest and non-forest)
dividing the square root of the number of interactions by the
square root of the product of the number of species in each
guild per network. For the degree distribution we applied the
“degreedistr” function of the bipartite package, selected by
the Akaike Information Criterion. To represent interactions,
we drew six networks of the six gross (weighted) matrices
elaborated using the network package (Oliveira et al. 2015).
The significance of nesting was estimated by applying a t-test
for each sample using the null model, in which the probability
of an interaction between an animal and a plant is proportional
to all of their interactions (Almeida-Neto and Ulrich 2011).
From the randomized matrices that were created to calculate
modularity, we ran the modularity for each matrix and com-
pared the significance using the Z test (t-test for a sample)
considering a significance of 5%. To calculate the correlation
between the matrices, we used the Mantel test, using the
“Spearman” method with 5000 permutations. All analyses
were conducted in the program R.

Results

Occurrence

Among all 67 plant species recorded, 48 had zoochoric
dispersal. Among the 44 bird species, 34 were considered
frugivorous (Table S1). Plant species with the highest re-
source potential for birds were Xylopia aromatica (n =
26), Cecropia pachystachya (n = 24) and Inga vera (n =
22) (Table S1). The richest plant families were
Annonaceae and Fabaceae, with six species each. For
birds, Psittacidae and Tyrannidae were the richest fami-
lies, with nine and eight species, respectively (Table S1).
Considering plant phenology data, resource availability
was highest in September and October, with a peak of
fruiting species (Fig. 2a).

Peak bird species richness coincided with the fruiting peak
(p < 0.05; R² = 0.86, se = 3.751 (df = 14). Most plant species
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(81.8%) had a single fruiting event, while about a fifth of the
species (18.2%) had two, showing a bimodal pattern (Fig. 2a).
The rest of the species, such as Tococa guianensis and
Miconia albicans fructified year round. Shrubs and trees rep-
resented 45.4% and 54.6% of all species, respectively. While
forest remnants had similar plant species richness, their bird
species richness differed (Fig. 2b).

Interaction Network

In general, tree species and forest fragments had the most
interactions (124, Table S2), followed by non-forest frag-
ments (79). Non-forest fragments on average had half of the
interactions than forest fragments (maximum of 113
interactions, Fig. 3). The network of avian frugivore interac-
tions in urban environments showed a significantly nested
pattern for both tree and shrub species in forest (NODF =
55.77 and 50.16, respectively, p < 0.01, Fig. 4). The species
with the highest number of interactions was Pera glabrata,
followed by Inga vera. The number of bird species per inter-
action reached 14, for 11 interactions (on average 1.2 bird

species per interaction). The matrices showed a high correla-
tion between the forms of life (Mantel statistic r = 0.39, p <
0.01, Fig. 4), but not to types of fragments (Mantel statistic r =
0.19, p > 0.05).

The plant-bird connectivity was higher for trees compared
to shrubs (c = 0.30) (Table S2, Fig. 4). When comparing the
six matrices, network modularity was not significant (p =
0.16, see Table S2). Considering fragments, non-forests had
higher modularity (M = 0.36) and nesting (NODF = 23.25)
compared to forests (M = 0.26; NODF = 45.39). (Table S2).
The degree of distribution and intensity of the networks was
higher for trees in both forests and non-forests (AIC= -15; p <
0.05, see Table S2).

Considering diet, the most specialized bird species was
Columbina squammata (h2 = 0.37), feeding only on the shrub
Bauhinia spp., and on two tree species, Bauhinia forficata and
Mouriri elliptica (h2 = 0.40, Fig. 5). However, we found no
difference between forest and non-forest formations. The
Index of Relative Importance was highest for species in forest
fragments (Fig. 5). Most plant-bird interactions (65%) were
recorded in forest formations with shrubs (χ² = 35.59; p <
0.001), with a difference between forests and non-forests (χ²
= 31.48; p < 0.001).

Discussion

As we hypothesized, the time scale for birds and plants was
similar and higher during the rainy season, when the species
richness was high. Similar to the results of previous studies on
Neotropical birds, which found that most species were frugi-
vores (Jordano 1994; Francisco and Galetti 2002; Fadini and
Marco 2004), our results showed that 63.7% of birds were

Fig. 3 Accumulation curves of plant species richness and number of
observed interactions with birds throughout the sampling period
(May 2015 - July 2016 considering tree and shrub life forms together
for the two observed fragment types (forest and non-forest)

Fig. 2 Plant and bird species richness in fragments from May 2015 to
July 2016. (a) monthly patterns in fruiting plant species richness in non-
forest fragments (dark green), forest remnants (green), and bird species
richness (grey). (b) bird species richness (grey), and fruiting plant species
richness (dark green) in forest and non-forest fragments. Different letters
indicate statistical differences between samples
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Fig. 5 Specialization index of bird and plant species with the highest values in forest and non-forest fragments. Species that did not present values of
specialization are not shown

Fig. 4 Left: Examples of habitats and representative interactions: (a)
Tersina viridis feeding on Cecropia pachystachya fruit in a forest, and
(b) Tangara sayacawith the fruit of Jacaranda spp. in non-forest habitat.
Right: Networks of interactions (plant species indicated in green and birds
in grey on Fruchterman-Reingold graphs) for trees, shrubs and both for

forest formations (top three) and non-forest formations (bottom three) in
May 2015 – July 2016. Lines correspond to interactions and bold lines
correspond to stronger interspecific interactions. Species that showed no
interactions are drawn without links
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frugivorous in urban remnants. Following the categorization
of Francisco and Galetti (2002), approximately 64% of plants
had zoochoric dispersal and among them 38.2% were dis-
persed by birds. These high values highlight the relevance of
the role of birds in urban fragments and their interactions with
plants that provide their food source. Similar to published
studies (Francisco and Galetti 2002), we found the families
Thraupidae, Turdidae, Psittacidae and Tyrannidae particularly
important in seed dispersal and plant pollination. However,
members of Psittacidae can be considered “seed destroyers”.
While feeding on the fruits, parrots break the structure and
therefore damage the embryo, contributing little to the dispers-
al processes (Sick 1997), thereby decreasing their contribution
to the natural restoration of the habitat.

Tyrannidae is a heterogeneous group, with mostly insecti-
vores (Gwynne et al. 2010). Nevertheless, a previous study
found that insectivorous Tyrannidae species also feed on fruits
and thereby contribute to seed dispersal (Lasky and Keitt
2012), as observed in our study. The most abundant plant
families were Annonaceae and Fabaceae, both of high species
richness and wide distribution in the Cerrado biome, including
fragments (Nunes 2012). As we hypothesized, we confirmed a
difference in interactions between forest and non-forest frag-
ments. This difference was particularly strong for frugivorous
birds in forests. The high level of interaction between bird and
plant species in these forest fragments, mainly involving tree
life forms, suggests that this is caused by the high number of
tree species at the study site or by the higher visibility of fruits
due to the height of the plant or the presence of certain tree
species.

This relationship is possibly linked to seasonal differences
in the environment, given the strong climatic seasonality of
the Cerrado. Annual precipitation patterns affect bird commu-
nity composition and also the amount of food supplied by
different shrub and tree species, which differ in their flowering
and fruiting patterns (Macedo 2002; Malhães 2003; Vieira
et al. 2013). We found strong plant-bird interactions for both
shrubs and trees (Fig. 4), indicating that most bird species
were generalists (i.e., they can feed on various plant species
and possibly at different times of the year). This type of be-
havior suggests a potentially crucial ecological interaction in
the urban community: if one species is no longer present, there
are others that can replace it and still maintain seed dispersal
and pollination activities (Jordano et al. 2010). While speci-
ficity is a very important factor in plant-bird interactions, en-
suring the dynamics in the environment, it is generalists, such
as members of the Tyrannidae and Columbidae families
(Melo et al. 2003). Likewise, from a functionality point of
view, members of Columbidae are usually seeded predators
(granivores), decreasing their performance as effective seed
dispersers (Dennis and Westcott 2006; Vidal et al. 2014).
Nevertheless, contrary to the published literature (Dennis
and Westcott 2006), in our study Columbidae behaved more

as specialist than generalist. A reason could be that unlike
previous studies, our observations occurred in urban
fragments.

Previous studies on bird communities in urban forest frag-
ments showed that 13.5% of the species were unique to the
study area (Corral and Valério 2019). Among these restricted
species, we had the first record of Phibalura flavirostris for
the municipality of Campo Grande, showing an expansion
from its previously known geographical distribution
(BirdLife International 2020). This shows the importance of
species that favor regenerating forest fragments and, thus con-
tribute to the creation of habitats that can provide shelter to
other bird species in the urban area (Corral et al. 2018). Other
studies have found that compared to trees, shrubs have higher
species richness and more interactions with birds. The reason
for this is that the vast majority (about 90%) of tropical shrub
species have zoochoric dispersal (Howe and Smallwood
1982). In our study, interactions between shrubs and birds
were fewer compared to those between trees and birds, but
still showed a significantly similar pattern for tree and shrub
species. Overall, increasing forest connectivity and maintain-
ing or restoring plant-bird interactions are important strategies
to maintain urban biodiversity (Aronson et al. 2017). Most
bird species in the Cerrado are highly mobile, capable of mov-
ing from open areas to forests, even crossing through a hostile
matrix (Plein et al. 2013; Souza et al. 2019). However, in our
study, the connectivity index revealed a greater interaction
between birds and tree species compared to interactions be-
tween birds and shrubs, possibly due to the characteristics of
the local landscape, as the study was conducted in a
fragmented habitat (Plein et al. 2013). This may affect urban
fragments, as well as large cities that have mostly tree species
and lack shrubs (e.g., as a result of landscaping). In studies
conducted in urban environments, bird species richness was
related to the number of trees, which may further affect bird
diversity, as birds move into urban centers (Souza et al. 2019).

A recent study conducted in the city of Campo Grande
indicates that a large proportion of the bird community does
not respond to urbanization, as many forest species are also
found in the city, possibly because of the large number of trees
in the city center and the high connectedness among smaller
urban forest fragments (Souza et al. 2019) In addition, these
results may indicate changes in bird movements, as individ-
uals from adjacent fragments that are threatened by the con-
stant loss of habitat seek forested areas in the urban matrix,
altering the established species composition (Corral and
Valério 2019). The low modularity index and the increased
nesting indicate the generalization and asymmetry of the net-
works and the points with few interactions indicate plant spe-
cies that are linked to generalist bird species, and therefore
suggest that interactions are not restricted (Bascompte et al.
2003; Olesen et al. 2007). Therefore, community interactions
are determined by generalist species and thus become more
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resistant to species loss, in which case this process can be an
alternative way for the system to respond to disturbance
(Bascompte et al. 2003).

In accordance with our hypotheses, when comparing urban
and non-urban forest fragments, we found higher fruit produc-
tion during the rainy season, and observed an effect of
seasonality-dependent phenology on bird species richness
(Camargo et al. 2018). What differentiates urban and non-
urban fragments are the biogeographic characteristics, such
as the size of the fragments and their distance from each other
(Corral and Valério 2019).With regard to phenology, we need
to consider the premise that interactions are more specialized
when resources are scarce and in the rainy season interactions
tend to be more comprehensive, i.e., plants are most common-
ly visited by generalist bird species (Souza et al. 2018).
Similar studies can inform conservation strategies for forest
fragments and thereby contribute to the conservation of eco-
logical interaction networks and existing richness patterns
(Carlo and Yang 2011; Schleuning et al. 2011).

Conclusions

In the surveyed urban fragment, plants and birds showed great
diversity and interactions. The most specialized plant and bird
species were Mouriri elliptica and Columbina squammata,
respectively. Species with the highest number of interactions
were Inga vera and Pera glabrata. Having dispersed re-
sources, the urban environment can influence plant and animal
species richness and the interactions among these species. We
found a large number of plant species in the fruiting stage at
the beginning of the rainy season, increasing food availability
for birds. In addition, forest fragments presented more inter-
actions and trees provided the main food source for birds.
Nevertheless, when fruit availability was high, the number
of granivores (seed-predators) also increased. Even with low
specialization of the networks, this result demonstrates the
importance of maintaining forest environments, as they sup-
port higher bird species diversity, given increased resource
availability in forests, connecting complex ecological sys-
tems. With habitat loss, ecological interactions are reduced,
leaving only a few healthy ecological systems scattered in
forest fragments within the urban matrix.
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