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ABSTRACT. Seed dispersal is one of the principal ecological processes that determine the richness and
distribution of plants in tropical forests. Birds play an important role in the zoochoric dispersal of seeds in
these forests. The present study investigated the bird-plant interactions involving the ingestion and
dispersal of seeds by the birds found in the edge habitat of an isolated forest fragment on the Catuaba
Experimental Farm in eastern Acre, in southwestern Brazilian Amazonia. The birds were captured using
mist nets, and the seeds were collected from fecal samples obtained during the handling of the animals.
These seeds were sorted and identified. The bird and the plant species identified during the study were
used to calculate the connectivity and nestedness of the bird-plant interactions. We captured 82 species
of birds, with a total sampling effort of 203,180 h.m?2. Fecal samples obtained from 19 of the bird species
contained a total of 2,086 seeds, representing 23 plant species. The interaction network had an
intermediate connectance, and significant nestedness. Ramphocelus carbo had the highest importance
index and was the bird with the largest number of plant interactions, while Cecropia latiloba was the plant
with the highest importance index, followed by Schefflera morototoni. Most of the seed-dispersing birds
identified in the present study are generalists found in both the forest core and its edge. The results of the
study indicated that the community of generalist-frugivore birds interacts extensively with the plant
community of the fragment, providing seed dispersal services that include the deforested areas adjacent
to the fragment.
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Introduction

The Amazon rainforest is one of the most biodiverse terrestrial ecosystems on the planet (Mittermeier et
al.,, 2003; Antonelli et al.,, 2018). Despite this, many species are becoming extinct as the result of
deforestation and the resulting loss and isolation of habitats (Ochoa-Quintero, Gardner, Rosa, Ferraz, &
Sutherland, 2015). The accelerated deforestation of some parts of the Amazon region has transformed the
landscape into a mosaic of vegetation remnants set within a matrix of pasture (Silva, Conceicao, & Anciaes,
2012; Fearnside, 2016; Laurance et al., 2018).

Habitat fragmentation results in a landscape mosaic, characterized by the intensification of edge effects
(Terraube et al., 2016). Edge is defined here as an abrupt physical transition between two types of habitat
(McCollin, 1998; Fonseca, 2008). This transition is inhabited by animal species that transit naturally
between the two environments to satisfy their ecological requirements (Terraube et al., 2016). The edge bird
community plays an important role in the maintenance of ecological services in both the forest and the
adjacent matrix, through seed dispersal and pest control (Terraube et al., 2016; Pires, Goncalves, Ferreira,
Camelo, & Melo, 2018).

Seed dispersal is one of the ecological interactions most impacted by deforestation. The interruption of
normal seed dispersal patterns may result in major alterations of the composition of the plant community
and the process of forest regeneration (Cramer, Mesquita, & Williamson, 2007). Seed dispersal is one of the
principal processes that determine the species richness and distribution of plants (Pinheiro & Ribeiro, 2001;
Peternelli, Della Lucia, & Martins, 2004). Frugivore-plant interactions began to evolve around 300 million

years ago (Bascompte & Jordano, 2008), and represent a prime example of a mutualistic interaction, which
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entails benefits for both the organisms involved in the interaction (Primack & Rodrigues, 2001; Ricklefs,
2010; Garcia, 2016).

In Neotropical forests, approximately 30% of the bird species are frugivores or generalists, and almost
90% of these species have adaptations for zoochoric seed dispersal (Pizo & Galetti, 2010). These values
indicate that frugivorous birds have an important seed dispersal function, and influence the distribution and
survival of the forest’s flora (Fadini & De Marco Jr., 2004; Christianini & Martins, 2015). Birds offer a
number of advantages for the plant in comparison with other frugivores, including their species diversity,
their mobility, and their varied diet. Given this, birds make an essential contribution to the maintenance of
ecosystems, with key roles in food webs (Scherer, Silva, & Baptista, 2007; Garcia, 2016).

The Neotropical region has the greatest known diversity of specialized frugivore birds, although studies
focusing on the relationships between Neotropical plants and their dispersers are still incipient (Dugger et
al., 2019). This situation is most evident in the Amazon region where the mutualistic relationships between
frugivorous birds and plants are relatively poorly studied, considering the vast size of this biome (Parrini,
Raposo, Del Hoyo, & Silva, 2013; Purificacao, Pascotto, Pedroni, Pereira, & Lima, 2014; Dugger et al., 2019).
Given these shortcomings, the present study investigated bird-plant interactions in an area of forest edge
habitat in the southwestern Brazilian Amazon region, based on the analysis of the seeds found in fecal
samples obtained from local birds captured in mist nets.

Material and methods

We conducted the study on the Catuaba Experimental Farm - CEF (10°04” S, 67°37” W). This property is
located in the municipality of Senador Guiomard, in the eastern extreme of the state of Acre, Brazil (Figure
1A) and has a total area of 1,200 ha (Medeiros, Castro, Salimon, Silva, & Silveira, 2013; Figure 1B). The CEF
is surrounded by a pasture matrix composed of exotic grasses (e.g. Urochloa sp.) with sparse trees such as
palms and Brazil nut, Bertholletia excelsa (Aratjo & Lani, 2012). The tract of forest on the CEF selected for
the present survey has an area of approximately 0.54 km?, with a perimeter of 3.56 km (Figure 1C). It is a
relatively elongated area, approximately 80 m wide, located within a matrix of pasture (Figure 1C). The
vegetation of the study area is a mosaic of dense terra firme forest with patches of bamboo and secondary
forest at varying stages of succession, surrounded by pasture (Rasmussen, Rehg, & Guilherme, 2005;
Silveira, 2005).
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Figure 1. Study site. (A) Location of the CEF (green star) within the Brazilian state of Acre and in relation to the state capital, Rio
Branco (red circle); (B) Total perimeter of the Catuaba Experimental Farm, including the study area, in the northeastern extreme, and
(C) Study area.
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Mist netting and bird captures

We captured birds at 15-day intervals between June 2016 and March 2017, a period that covers part of
the late dry season and the early rainy season. We used 20 mist nets (12 m x 2.5 m; 36 mm mesh), installed
in continuous lines along the edge and within the forest, throughout the whole area of the study tract. Each
capture cycle lasted an average of three days, with a total sampling effort of 4,838 h.m? per cycle. All the
birds were identified to species (Schulenberg, Stotz, Lane, O’Neill, & Parker, 2007; Piacentini et al., 2015),
and marked with metal rings supplied by CEMAVE (Centro Nacional de Pesquisa e Conservagdo de Aves
Silvestres), within the scope of project 1099/7, coordinated by Edson Guilherme (Senior Bird Bander,
Registration Number: 324654). Each captured bird was placed in a cloth bag containing absorbent paper,
where it was maintained for 15 minutes to collect fecal samples. The birds were subsequently released near
the capture site. The scientific nomenclature was based on that of the Brazilian Committee of
Ornithological Records (Piacentini et al., 2015).

Collection, sorting, and identification of the seeds encountered in the fecal samples

The seeds were obtained from the fecal material collected from each bird. Once collected, the seeds
were packed individually and labeled with the name of the bird species that produced the sample and
the habitat in which the individual was captured. The seeds were cleaned manually in natura to remove
the excess fecal material and other debris (such as insect parts), sorted, and grouped by their size and
morphological similarities. The seeds were then counted, photographed, packed individually by
morphospecies, and labeled with information on the amount of seeds, and the habitat in which the
sample was collected, the date, and the bird species. We established a reference collection of the seeds
collected in the CEF using a portion of the seeds of each morphospecies (70%). The other portion (30%)
was reserved for planting, to enable the identification of the plant species from seedlings. The seeds or
seedlings obtained from the fecal samples were identified to the lowest possible taxonomic level with
the assistance of local botanists and specific references for the study region (Daly & Silveira, 2008;
Cornejo & Janovec, 2010).

Guilds

The birds were assigned to one of the feeding guilds defined by Wilman et al. (2014), based on the
analysis of the content of the fecal samples collected during this study.

Data analysis: bird-plant interactions

Based on the identification of the plant species ingested by the different bird species captured
during the present study, we established a bipartite network of interspecific interactions. To compile
this network, we organized the data into a binary matrix of presence/absence data in which plant
species were represented in the lines and the birds in the columns. In this matrix, the element aij is
equal to 1 if plant i interacts with the frugivorous bird j or to 0 if there was no interaction (Bascompte,
Jordano, Melidn, & Olesen, 2003). The analysis of the bird-plant interaction network was run in the R
software (R Core Team, 2018). To reinforce the analysis of the bird-plant interactions, we calculated
the importance index (I), and the connectance (C) and nestedness (N) of the data. We considered a p <
0.05 significance level in all analyses.

Importance index (I)

This index was proposed by Murray (2000), and determines the relative contribution of each bird and
plant species to the interaction. The value of this index approaches 1 either when larger numbers of bird and
plant species interact or when there is a larger number of exclusive interactions. This index is calculated by
Ij = iszl[[%] /S], where: Cij = 1, if bird species j consumes the fruits of the plant species i, or 0 if there was
no interaction, Ti = the total number of bird species that feed on the fruit/seeds of plant i, and S = the total

number of plant species recorded.

Connectance (C)

This index estimates the percentage of interactions recorded between birds and plants in relation to all
possible interactions (Jordano, 1987). Connectance is calculated by the equation: C(%) = I x 100/(F x P),
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where: I = the number of recorded interactions, F = the number of frugivore species, P = the number of plant
species, and (FxP) = the total number of possible interactions.

Nestedness (N)

Nestedness is a concept commonly applied in the analysis of networks of mutualistic interaction. The
patterns nested in the interaction matrices between the emerging and specialist species that interact with
other species will form well-defined subsets (Bascompte et al., 2003; Jordano, Bascompte, & Olesen, 2003;
Guimaraes Jr., Rico-Gray, Reis, & Thompson, 2006). We measured the nestedness in the data based on the
equation defined by Bascompte et al. (2003): N = (100 — T)/100, where: N is the nestedness, with values
ranging from 0 (minimum) to 1 (maximum), and T is the network temperature that estimates the deviation
of the presence or absence was not predicted, with values ranging from 0° to 100° (Atmar & Patterson,
1993). We ran this analysis in the Nested software (Guimaraes Jr. & Guimaraes, 2006; Almeida-Neto,
Guimaraes, Guimaraes Jr., Loyola, & Ulrich, 2008).

Results

We captured 475 individual birds representing 82 species in 26 families, with a total sampling effort
of 203,180 h.m?. The species captured were each assigned to one of five feeding guilds: insectivore (n =
57 species), omnivore (n = 16), frugivore (n = 14), nectarivore (n = 4), and carnivore (n = 1). Birds of the
family Thraupidae dispersed the largest quantity of seeds, followed by those of the Pipridae and
Tyrannidae (Table 1). Plants of the families Urticaceae and Melastomataceae were the most abundant in
the fecal samples (Table 1), and thus potentially the most dispersed by the birds. A total of 263 fecal
samples were collected from these individuals, of which, 81 contained whole seeds with no signs of
predation. We collected 2,086 seeds from the fecal samples collected from 19 bird species, and
identified 23 plant species (Table 2).

Ramphocelus carbo, Saltator maximus, Leptotila verreauxi, Tangara episcopus, and Machaeropterus
pyrocephalus were the bird species with the highest importance indices (Figure 2A). Ramphocelus carbo
presented the highest index of importance (I = 0.147; Figure 2A), being responsible for 70.1% of the seeds
dispersed during the study. The most abundant seeds found in the fecal samples of R. carbo were those from
the genera Cecropia and Miconia (Table 2). Cecropia latiloba had the highest importance index (I = 0.066;
Figure 2B) of the plant species dispersed by the birds captured in the present study, followed by Schefflera
morototoni (I = 0.056), Miconia sp.1, Lantana camara, and Cecropia sp. The principal dispersers of Cecropia
latiloba were R. carbo and T. episcopus.

Table 1. The number of seeds dispersed per family of bird and plant.

Bird family Number Plant family Number
(number of plant species dispersed) of seeds dispersed (number of bird species dispersing seeds) of seeds dispersed
Thraupidae (18) 1826 Urticaceae (8) 1326
Pipridae (3) 143 Melastomataceae (5) 507
Tyrannidae (6) 73 Marcgraviaceae (1) 70
Ramphastidae (3) 15 Dilleniaceae (3) 60
Turdidae (3) 13 Capparaceae (2) 13
Columbidae (5) 11 Araliaceae (8) 35
Cardinalidae (1) 5 Verbenaceae (5) 20
- - Poaceae (3) 16
- - Simaroubaceae (2) 15
- - Moraceae (1) 9
- - Annonaceae (2) 8
- - Commelinaceae (2) 3
- - Piperaceae (1) 2
- - Hypericaceae (1) 1
- - Siparunaceae (1) 1
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Table 2. Potential seed-dispersing bird species and the respective plant species dispersed (i.e., seeds found in the fecal samples
obtained from the bird).

Bird order / family / species Plant family Plant species Total number of seeds
Columbiformes
Columbidae
Columbina talpacoti Melastomataceae Miconia sp.2 Ruiz & Pav. 2
Geotrygon montana Annonaceae Rollinia sp.1 A. St.-Hil. 2
Leptotila verreauxi Dilleniaceae Doliocarpus sp. Rol. 1
Annonaceae Rollinia sp.2 A. St.-Hil. 2
Verbenaceae Lantana camara L. 4
Piciformes
Ramphastidae
Pteroglossus inscriptus Urticaceae Cecropia sp. Loefl. 1
Pteroglossus castanotis Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 5
Poaceae Urochloa sp.1 P.Beauv. 9
Passeriformes
Pipridae
Machaeropterus pyrocephalus Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 1
Melastomataceae Miconia sp.1 Ruiz & Pav. 141
Commelinaceae Commelina sp. L. 1
Tyrannidae
Elaenia parvirostris Dilleniaceae Davilla sp. Vand. 7
Verbenaceae Lantana camara L. 11
Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 6
Myiozetetes similis Urticaceae Cecropia sciadophylla Mart. 4
Simaroubaceae Simarouba amara Aubl. 4
Tyrannus melancholicus Verbenaceae Lantana camara L. 3
Urticaceae Cecropia latiloba Miq. 29
Turdidae
Turdus hauxwelli Moraceae Maclura tinctoria (L.) D.Don ex Steud. 9
Turdus amaurochalinus Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 1
Turdus ignobilis Urticaceae Cecropia latiloba Miq. 3
Thraupidae
Paroaria gularis Melastomataceae Miconia sp.1 Ruiz & Pav. 9
Tangara episcopus Melastomataceae Miconia sp.1Ruiz & Pav. 151
Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 9
Marcgraviaceae Souroubea sp. Aubl. 70
Urticaceae Cecropia latiloba Miq. 19
Urticaceae Cecropia sciadophylla Mart. 3
Tangara palmarum Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 5
Urticaceae Cecropia latiloba Miq. 33
Ramphocelus carbo Urticaceae Cecropia latiloba Miq. 515
Melastomataceae Miconia sp.1 Ruiz & Pav. 316
Verbenaceae Lantana camara L. 2
Urticaceae Cecropia sciadophylla Mart. 57
Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 1
Dilleniaceae Davilla sp. Vand. 32
Urticaceae Cecropia sp. Loefl. 500
Melastomataceae Miconia sp.6 Ruiz & Pav. 1
Capparaceae Capparidastrum sp. (DC.) Hutch. 13
Siparunaceae Siparuna sp. Aubl. 4
Melastomataceae Miconia sp.5 Ruiz & Pav. 14
Commelinaceae Commelina sp. L. 2
Poaceae Urochloa sp.2 P.Beauv. 13
Sporophila bouvronides Commelinaceae Commelina sp. L. 2
Saltator maximus Piperaceae Piper sp. L. 1
Verbenaceae Lantana camara L. 4
Urticaceae Cecropia sciadophylla Mart. 37
Araliaceae Schefflera morototoni (Aubl.) Maguire et al. 7
Hypericaceae Vismia sp. Vand. 1
Poaceae Urochloa sp.1 P.Beauv. 3
Simaroubaceae Simarouba amara Aubl. 11
Cardinalidae
Cyanoloxia rothschildii Melastomataceae Miconia sp.1 Ruiz & Pav. 5
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Figure 2. Importance indices of the bird (A) and plant (B) species involved in the plant-bird interactions recorded in the present study
area on the Catuaba Experimental Farm in Acre, Brazil.

We recorded 50 of the 437 possible bird-plant interactions available in the network (Figure 3). These
interactions had an intermediate level of connectance (C = 11.44%), and were nested significantly (N =
12.74; p = 0.02). The bird species that interacted with most plant species was Ramphocelus carbo, with 13, of
which, five were exclusive interactions (Figure 3), followed by Saltator maximus (six interactions), and
Tangara episcopus (five). The plant species with most interactions with birds was Schefflera morototoni, with
seven interactions, including an exclusive interaction with Turdus amaurochalinus, followed by Cecropia
latiloba (six) and Lantana camara with five interactions (Figure 3).

Discussion

The bird species captured in mist nets during the present study represent 29.7% of the total species richness
(276) recorded in the CEF up to now (Rasmussen et al., 2005; Guilherme, 2016), although this was expected due to
the reduced extension of the study area, and the fact that mist nets set at ground level tend to capture
predominantly understory birds that fly at heights of below 2.5 m (Pedroza, Verde, & Guilherme, 2019). Most of the
species captured in the present study are typical of open environments, secondary forests, and forest edge, and are
predominantly insectivores (more than half of the total), as well as omnivores and frugivores. This predominance of
insectivores was expected, given that the diversity of this guild tends to increase toward the equator (Kissling,
Sekercioglu, & Jetz, 2011). Insectivores are also known to colonize the forest edge, where the enhanced field of view
allows them to forage for insects more efficiently, both in the forest and in adjacent areas of more open habitat,
such as pasture and plantations (McCollin, 1998; Barbaro, Brockerhoff, Giffard, & Van Halder, 2012; Terraube et al.,
2016).

Thraupids were the birds captured most frequently during the present study, and were responsible for
more than 87.5% of the seeds found in the fecal samples, representing primarily the genera Cecropia and
Miconia. Ramphocelus carbo provided the largest number of seeds found in the fecal samples, and thus had
the highest importance index of all the frugivorous/omnivorous birds captured in the present study. Some
thraupids are known to disperse the seeds of zoochoric plants between forest fragments and open areas in
the Amazon region (Silva, Uhl, & Murray, 1996). Allenspach, Telles, and Dias (2012) observed R. carbo
consuming the infructescences of Cecropia and the fruit of Miconia in Sao Carlos, Sao Paulo, Brazil, while in
Paragominas, Par4, Silva et al. (1996) observed this bird feeding on a number of different plants, including
Cecropia palmata, which confirms the importance of this bird as a disperser of the seeds of these and other
plant genera in the different biomes.
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Figure 3. Bird-plant interactions determined from the analysis of the fecal samples collected from the birds captured in the present
study area on the Catuaba Experimental Farm in Acre, Brazil.

In the case of the tyrannids, we found seeds of Lantana camara and Cecropia sp. in two of the three fecal
samples obtained from the five Tyrannus melancholicus captured during the present study, even though
Wilman et al. (2014) classified this species as exclusively insectivorous. However, Wiitherich, Azdcar,
Garcia-Nunez, and Silva (2001) identified T. melancholicus as the most important disperser of the seeds of
Palicourea rigida (Rubiaceae) at a site in the llanos of Venezuela. This indicates that T. melancholicus may
also eat fruit and thus contribute to seed dispersal. In fact, Mobley (2019) also confirmed that T.
melancholicus feeds on fruit opportunistically, especially when migrating.

Seeds were also found in the fecal samples obtained from two other tyrannids, Myiozetetes similis and
Elaenia parvirostris. Tewksbury, Levey, Huizinga, Haak, and Traveset (2008) considered the E. parvirostris to
be an excellent disperser of wild chili in Bolivia. This bird is of special interest because it is an austral
migrant in southwestern Amazonia (Guilherme, 2016; Hosner, 2019), and the presence of seeds in its fecal
material indicates that it may be a long-distance disperser (possibly even between biomes) of the seeds of at
least three plants, Davilla sp., Lantana camara, and Schefflera morototoni.

The diversity of the frugivore guild also tends to increase toward the equator, albeit less intensively than
in the insectivores (Kissling et al., 2011), with this guild contributing 17.1% of the species collected in the
present study. Generalist frugivores provided most of the seeds collected from the fecal samples. These
species have a cosmopolitan diet composed basically of fruit and insects, and typically inhabit impacted
environments (Andrade, Mota, & Carvalho, 2011; Purificacao et al., 2014).

In the present study, seeds of the genera Cecropia and Miconia were the most abundant in the fecal
samples collected. Cecropia and Miconia are pioneer plants that produce succulent fruits with minuscule
seeds throughout the year (Gaglioti, Scabbia, & Romaniuc-Neto, 2016), which would likely account for the
large numbers of seeds from the two genera found in the fecal samples collected during the present study.
Cecropia latiloba presented the highest index of importance due to the large numbers of its seeds in the fecal
samples. In addition to birds, bats and monkeys are known to feed on C. latiloba fruit (Van Roosmalen, 1985;
Horsley, Bicknell, Lim, & Ammerman, 2015). Birds are known to be the principal dispersers of Miconia seeds
in the Amazon biome (Gomes, Marceliano, & Jardim, 2008; Blendinger, Blake, & Loiselle, 2011). In the
present study, R. carbo and Machaeropterus pyrocephalus were the birds with the most Miconia seeds in their
fecal material.
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Schefflera morototoni was the plant with the second highest index of importance in terms of the amount
of dispersed seeds. This plant is also classified as a pioneer species (Fontes, 1999) and its fruit is appreciated
by many birds (Saracco, Collazo, Groom, & Carlo, 2005; Parrini et al., 2013; Purificacdo, Pascotto, Mohr, &
Lenza, 2015). In the present study, S. morototoni interacted with eight birds, while Purificacao et al. (2015)
recorded interactions with 10 bird species in a savanna-forest environment within the Cerrado biome.
However, Parrini et al. (2013) recorded at least 51 bird species feeding on S. morototoni in the Amazon, and
Purificacdo et al. (2015) observed 21 birds feeding on this plant in an area of the Cerrado-Amazon Forest
transition. While we recorded fewer bird species feeding on this plant in the present study, these birds were
clearly important dispersers of this species in the region.

We recorded an intermediate level of connectance in the present study, although it was still higher than
that recorded by Jordano (1987) in montane rainforest in Costa Rica (C = 0.059) and in a tropical rainforest
in Mexico (C = 0.053). A large number of bird-plant interactions is expected in megadiverse communities,
such as those of tropical forests (Jordano, 1987; Galetti & Pizo, 1996; Galetti et al., 2013; Dugger et al.,
2019), although Fadini and De Marco Jr. (2004) concluded that intermediate connectance values are
expected in tropical forests that have suffered some degree of disturbance. As the site of the present study
was part of a forest fragment mostly surrounded by pasture, the disturbance and isolation of the forest may
have influenced the dynamics of the local bird community. This is reflected in the predominance of certain
species that are common in disturbed habitats, a situation that influences the ecological dynamics of these
environments and the potential interactions between birds and plants in the Neotropical region (Galetti &
Pizo, 1996; Pizo, 2007; Andrade et al., 2011).

Conclusion

Over the past 50 years, much of the forest of eastern Acre has been converted to cattle pasture and, on a
smaller scale, cleared for the planting of cash crops. In this scenario, the forested area of the Catuaba
Experimental Farm has acted as an environmental filter, preventing the spread of exotic plants such as
signalgrass, Urochloa sp., further into the forest. The results of the present study indicate that the seeds of
many plants are dispersed effectively, even at the edge of the forest. Some of these birds are known to
disperse among forests in the fragmented landscape, while others are migratory, and may carry seeds over
long distances. These birds deposit the seeds at a certain distance from the mother plant, contributing to
the maintenance of plant diversity within the fragment, and in particular, to the formation of a seed bank in
adjacent areas that have lost their forest cover. The present study is the first to describe a bird-plant
interaction network for the study region. We believe that this and similar studies will be an important step
toward the development of effective conservation strategies for the region’s forest fragments, including the
formation of ecological corridors and the recovery of areas of degraded forest in the southwestern Amazon basin.

Acknowledgements

We thank the Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) for the scholarship
granted to the first author; the Universidade Federal do Acre and the Graduate Program (Masters) in Ecology
and Natural Resource Management for supporting this study; the team of the UFAC Ornithology Laboratory
for their companionship and helpful suggestions, and the researchers of the UFAC Plant Ecology Laboratory
for assistance with the identification of the seeds dispersed by birds at the Catuaba Experimental Farm.

References

Allenspach, N., Telles, M., & Dias, M. M. (2012). Phenology and frugivory by birds on Miconia ligustroides
(Melastomataceae) in a fragment of cerrado, southeastern Brazil. Brazilian Journal of Biology, 72(4), 859-
864. doi:10.1590/51519-69842012000500012

Almeida-Neto, M., Guimaraes, P., Guimaraes Jr., P. R., Loyola, R. D., & Ulrich, W. (2008). A consistent
metric for nestedness analysis in ecological systems: reconciling concept and measurement. Oikos,
117(8), 1227-1239. doi:10.1111/j.0030-1299.2008.16644.x

Andrade, P. C., Mota, J. V. L., & Carvalho, A. A. F. (2011). Interacoes mutualisticas entre aves frugivoras e plantas
em um fragmento urbano de Mata Atlantica, Salvador, BA. Revista Brasileira de Ornitologia, 19(1), 63-73.

Acta Scientiarum. Biological Sciences, v. 42, 51485, 2020




Seed dispersal network in Acre State Page 9 of 11

Antonelli, A., Zizka, A., Carvalho, F. A., Scharn, R., Bacon, C. D., Silvestro, D., & Condamine, F. L. (2018).
Amazonia is the primary source of Neotropical biodiversity. PNAS - Proceedings of the National Academy
of Sciences of the United States of America, 115(253), 6034-6039. doi:10.1073/pnas.1713819115

Aratjo, E. A., & Lani, J. L. (2012). Uso sustentdvel de ecossistemas de pastagens cultivadas na Amazonia
Ocidental. Zoneamento ecoldgico-econdémico. Fase II, escala 1:250.000. Rio Branco, AC: Sema.

Atmar, W., & Patterson, B. D. (1993). The measure of order and disorder in the distribution of species in
fragmented habitat. Oecologia, 96, 373-382. doi:10.1007/BF00317508

Barbaro, L., Brockerhoff, E. G., Giffard, B., & Van Halder, I. (2012). Edge and area effects on avian
assemblages and insectivory in fragmented native forests. Landscape Ecology, 27, 1451-1463.
doi:10.1007/s10980-012-9800-x

Bascompte, ]., & Jordano, P. (2008). Redes mutualistas de especies. Investigacion y Ciencia, 384, 50-59.

Bascompte, ., Jordano, P., Melian, C.J., & Olesen, J. M. (2003). The nested assembly of plant-animal
mutualistic networks. PNAS — Proceedings of the National Academy of Sciences of the United States of
America, 100(16), 9383-9387. doi:10.1073/pnas.1633576100.

Blendinger, P. G., Blake, J. G., & Loiselle, B. A. (2011). Composition and clumping of seeds deposited by
frugivorous birds varies between forest microsites. Oikos, 120(3), 463-471. doi:10.1111/j.1600-
0706.2010.18963.x

Christianini, A. V., & Martins, M. M. (2015). Ecologia reprodutiva e producao de sementes - frugivoria e
dispersao de sementes. In F. Pina-Rodrigues, M. Figliolia & A. Silva (Eds.), Sementes florestais tropicais:
da ecologia a produgdo (p. 83-101). Londrina, PR: Abrates.

Cornejo, F., & Janovec, J. (2010). Seeds of Amazonian plants. Princeton, NJ: Princeton University Press.

Cramer, J. M., Mesquita, R. C. G., & Williamson, G. B. (2007). Forest fragmentation differentially affects seed
dispersal of large and small-seeded tropical trees. Biological Conservation, 137(3), 415-423.
doi:10.1016/j.biocon.2007.02.019

Daly, D., & Silveira, M. (2008). Primeiro catdlogo da flora do Acre, Brasil/First catalogue of flora of Acre, Brazil.
Rio Branco, AC: Edufac.

Dugger, P. J., Blendinger, P. G., Gaese, K. B., Chama, L., Correia, M., Dehling, D. M., ... Schleuning, M.
(2019). Seed-dispersal networks are more specialized in the Neotropics than in the Afrotropics. Global
Ecology and Biogeography, 28(2), 248-261. doi:10.1111/geb.12833

Fadini, R. F., & De Marco Jr., P. (2004). Interacdes entre aves frugivoras e plantas em um fragmento de mata
atlantica de Minas Gerais. Ararajuba, 12(2), 97-103.

Fearnside, P. M. (2016). Environmental policy in Brazilian Amazonia: lessons from recent history. Novos
Cadernos NAEA, 19(1), 27-46. doi:10.5801/ncn.v19i1.1379

Fonseca, M. S. (2008). Edge effect. In S. E. Jorgensen, & B. D. Fath (Eds.), Encyclopedia of ecology (p. 1207-
1211). Amsterdam, NL: Elsevier B.V.

Fontes, M. A. L. (1999). Allometric patterns for tropical pioneer tree species. Scientia Forestalis, 55, 79-87.

Gaglioti, A. L., Scabbia, R. ]. A., & Romaniuc-Neto, S. (2016). Flora das cangas da Serra dos Carajés, Par4,
Brasil: Urticaceae. Rodriguésia, 67(5), 1485-1492. doi:10.1590/2175-7860201667554

Galetti, M., Guevara, R., Cortes, M. C., Fadini, R., Von Matter, S., Leite, A. B, ... Jordano, P. (2013).
Functional extinction of birds drives rapid evolutionary changes in seed size. Science, 340(6136), 1086-
1090. doi:10.1126/science.1233774

Galetti, M., & Pizo, M. A. (1996). Fruit eating by birds in a forest fragment in southeastern Brazil. Revista
Brasileira de Ornitologia, 4(5), 71-79.

Garcia, D. (2016). Birds in ecological networks: insights from bird-plant mutualistic interactions. Ardeola —
International Journal of Ornithology, 63(1), 151-180. doi:10.13157/arla.63.1.2016.rp7

Gomes, A. L. S., Marceliano, M. L. V., & Jardim, M. A. G. (2008). Consumption of fruits of Miconia ciliata (Rich.)
Dc (Melastomataceae) by birds in Eastern Amazon. Revista Brasileira de Ornitologia, 16(4), 383-386.

Guilherme, E. (2016). Aves do Acre. Rio Branco, AC: Edufac.

Guimaraes Jr., P. R., & Guimaraes, P. (2006). Improving the analyses of nestedness for large sets of matrices.
Environmental Modelling & Software, 21(2006), 1512-1513. doi:10.1016/j.envsoft.2006.04.002

Acta Scientiarum. Biological Sciences, v. 42, 51485, 2020



Page 10 of 11 Alencar and Guilherme

Guimaraes Jr., P. R., Rico-Gray, V., Reis, S. F., & Thompson, J. N. (2006). Asymmetries in specialization in
ant-plant mutualistic networks. Proceeding of the Royal Society B — Biological Sciences, 273(1597), 2041-
2047. doi:10.1098/rspb.2006.3548

Horsley, T. W. B., Bicknell, J. E., Lim, B. K., & Ammerman, L. K. (2015). Seed dispersal by frugivorous bats in
Central Guyana and a description of previously unknown plant-animal interactions. Acta
Chiropterologica, 17(2), 331-336. d0i:10.3161/15081109ACC2015.17.2.008

Hosner, P. (2019). Small-billed Elaenia (Elaenia parvirostris). In J. Del Hoyo, A. Elliott, J. Sargatal, D. A.
Christie & E. De Juana (Eds.), Handbook of the birds of the world alive (p. 269). Barcelona, ES: Lynx.

Jordano, P. (1987). Patterns of mutualistic interactions in pollination and seed dispersal: connectance,
dependence asymmetries, and coevolution. The American Naturalist, 129(5), 657-677. doi:10.1086/284665

Jordano, P., Bascompte, J., & Olesen J. M. (2003). Invariant properties in coevolutionary networks of plant-
animal interactions. Ecology Letters, 6(1), 69-81. doi:10.1046/j.1461-0248.2003.00403.x

Kissling, W. D., Sekercioglu, C. H., & Jetz, W. (2011). Birds dietary guild richness across latitudes,
environments and biogeographic regions. Global Ecology and Biogeography, 21(3), 328-340.
doi:10.1111/j.1466-8238.2011.00679.x

Laurance, W. F., Camargo, J. L. C., Fearnside, P. M., Lovejoy, T. E., Williamson, G. B., Mesquita, R. C. G., ...
Laurance, S. G. W. (2018). An Amazonian rainforest and its fragments as a laboratory of global change.
Biological Reviews, 93(1), 223-247. doi:10.1111/brv.12343

McCollin, D. (1998). Forest edges and habitat selection in birds: a functional approach. Ecography, 21(3),
247-260. doi:10.1111/j.1600-0587.1998.tb00562.x

Medeiros, H., Castro, W., Salimon, C. L., Silva, I. B., & Silveira, M. (2013). Tree mortality, recruitment and
growth in a bamboo dominated forest fragment in southwestern Amazonia, Brazil. Biota Neotropica,
13(2), 29-34. doi:10.1590/51676-06032013000200002

Mittermeier, R. A., Mittermeier, C. G., Brooks, T. M., Pilgrim, J. D., Konstant, W. R., Fonseca, G. A. B., &
Kormos, C. (2003). Wilderness and biodiversity conservation. PNAS - Proceedings of the National Academy
of Sciences of the United States of America,100(18), 10309-10313. doi:10.1073/pnas.1732458100

Mobley, J. (2019). Tropical Kingbird (Tyrannus melancholicus). In J. Del Hoyo, A. Elliott, J. Sargatal, D.A.
Christie & E. De Juana (Eds.), Handbook of the Birds of the World Alive (p. 419-420). Barcelona, ES Lynx.

Murray, K. G. (2000). The importance of different bird species as seed dispersers. In N. M. Nadkarni & N. T.
Wheelwright (Eds.), Monteverde: ecology and conservation of a tropical cloud forest (p. 294-295). New York:
Oxford University Press.

Ochoa-Quintero, J. M., Gardner, T. A., Rosa, 1., Ferraz, S. F. B., & Sutherland, W. J. (2015). Thresholds of
species loss in Amazonian deforestation frontier landscapes. Conservation Biology, 29(2), 440-451.
doi:10.1111/cobi.12446

Parrini, R., Raposo, M. A., Del Hoyo, J., & Silva, A. R. (2013). Schefflera morototoni (Araliaceae) como importante
recurso alimentar para as aves durante a estacao seca na Amazonia Central. Cotinga, 35(1), 1-4.

Pedroza, D., Verde, R. S., & Guilherme, E. (2019). Birds and bats captured in a managed forest in
Southwestern Brazilian Amazonia: results and recommendations from a short-term study. Brazilian
Journal Biological Sciences, 6(12), 283-295. doi:10.21472/bjbs.061226

Peternelli, E. F. O., Della Lucia, T. M. C., & Martins, S. V. (2004). Espécies de formigas que interagem com as
sementes de Mabea fistulifera Mart. (Euphorbiaceae). Revista Arvore, 28(5), 733-738. doi:10.1590/50100-
67622004000500013

Piacentini, V. Q., Aleixo, A., Agne, C. E., Mauricio, G. N., Pacheco, ]. F., Bravo, G. A., ... Cesari, E. (2015).
Annotated checklist of the birds of Brazil by the Brazilian Ornithological Records Committee/Lista
comentada das aves do Brasil pelo Comité Brasileiro de Registros Ornitologicos. Revista Brasileira de
Ornitologia, 23(2), 91-298.

Pinheiro, F., & Ribeiro, J. R. (2001). Sindromes de dispersao de sementes em matas de galeria do Distrito
Federal. InJ. F. Ribeiro, C. E. L. Fonseca & J. C. S. Silva (Eds.), Cerrado: caracterizacdo e recuperagdo de
matas de galeria. (p. 335-361). Brasilia, DF: Embrapa.

Acta Scientiarum. Biological Sciences, v. 42, 51485, 2020



Seed dispersal network in Acre State Page 11 of 11

Pires, L. P., Gongalves, V. F., Ferreira, G. A., Camelo, F. R. B., & Melo, C. (2018). Fruit colour and edge effects
poorly explains frugivorous bird-plant interactions in disturbed semideciduous forests. Acta Scientiarum.
Biological Sciences, 40(2018), e40041. doi: 10.4025/actascibiolsci.v40i1.40041

Pizo, M. A. (2007). Frugivory by birds in degraded areas of Brazil. In A. J. Dennis, E. W. Schupp, R. ]. Green & D. A.
Westcott (Eds.), Seed dispersal: theory and its application in a changing world (p. 615-627). Wallingford, IN:
CABI.

Pizo, M. A., & Galetti, M. (2010). Métodos e perspectivas da frugivoria e dispersao de sementes por aves. In
S. Von Matter, F. C. Straube, 1. Accordi, V. Piacentini & J. F. Candido Jr. (Eds.), Ornitologia e conservagao:
ciéncia aplicada, técnicas de pesquisa e levantamento (p. 493-506). Rio de Janeiro: Technical Books.

Primack, R. B., & Rodrigues, E. (2001). Biologia da Conservagdo. Londrina, PR: Planta.

Purificacao, K. N., Pascotto, M. C., Mohr, A., & Lenza, E. (2015). Frugivory by birds on Schefflera morototoni
(Araliaceae) in a Cerrado-Amazon forest transition area, eastern Mato Grosso, Brazil. Acta Amazonica,
45(1), 57-64. doi:10.1590/1809-4392201402402

Purificacao, K. N., Pascotto, M. C., Pedroni, F., Pereira, ]. M. N., & Lima, N. A. (2014). Interactions between
frugivorous birds and plants in savanna and forest formations of the Cerrado. Biota Neotropica, 14(4),
€20140068. doi:10.1590/1676-06032014006814

R Core Team. (2018). R: A language and environment for statistical computing., Vienna, AU: R Foundation for
Statistical Computing. Retrieved from https://www.R-project.org/

Rasmussen, D. T., Rehg, J. A., & Guilherme, E. (2005). Avifauna da Fazenda Experimental Catuaba: uma
pequena reserva florestal no leste do Estado do Acre, Brasil. In P.M. Drumond (Eds.), Fauna do Acre (p.
173-198). Rio Branco, AC: Edufac.

Ricklefs, R. E. (2010). A economia da natureza (6a ed.). Rio de Janeiro, R]: Guanabara Koogan.

Saracco, J. F., Collazo, J. A., Groom, M. ]J., & Carlo, T. A. (2005). Crop size and fruit neighborhood effects on
bird visitation to fruiting Schefflera morototoni trees in Puerto Rico. Biotropica, 37(1), 80-86.
doi:10.1111/j.1744-7429.2005.04040.x

Scherer, A., Silva, F. M., & Baptista, L. R. M. (2007). Padroes de intera¢oes mutualisticas entre espécies
arbéreas e aves frugivoras em uma comunidade de Restinga no Parque Estadual de Itapua, RS, Brasil.
Acta Botanica Brasilica, 21(1), 203-212. doi:10.1590/50102-33062007000100019

Schulenberg, T. S., Stotz, D. F., Lane, D. F., O’Neill, ]. P., & Parker, T. A. (2007). Birds of Peru. Princeton, NJ:
Princeton University Press.

Silva, J. M. C., Uhl, C., & Murray, G. (1996). Plant succession, landscape management, and the ecology of
frugivorous birds in abandoned Amazonian pastures. Conservation Biology, 10(2), 491-503. doi:
10.1046/j.1523-1739.1996.10020491.x

Silva, J. V. C., Conceicao, B. S., & Anciaes, M. (2012). Uso de florestas secundéarias por aves de sub-bosque
em uma paisagem fragmentada na Amazoénia Central. Acta Amazonica, 42(1), 73-80. doi:10.1590/S0044-
59672012000100009

Silveira, M. (2005). A floresta aberta com bambu no sudoeste da Amazénia: padroes e processos em miiltiplas
escalas. Rio Branco, AC: Edufac.

Terraube, J., Archaux, F., Deconchat, M., Van Halder, 1., Jactel, H., & Barbaro, L. (2016). Forest edges have
high conservation value for bird communities in mosaic landscapes. Ecology and Evolution, 6(15), 5178-
5189. doi:10.1002/ece3.2273

Tewksbury, J. J., Levey, D. J., Huizinga, M., Haak, D. C., & Traveset, A. (2008). Costs and benefits of capsaicin-
mediated control of gut retention in dispersers of wild chilies. Ecology, 89(1), 107-117. doi:10.1890/07-0445.1

Van Roosmalen, M. G. M. (1985). Habitat preferences, diet, feeding strategy and social organization of the
black spider monkey (Ateles paniscus paniscus Linnaeus 1758) in Surinam. Acta Amazonica 15(3-4), 1-236.
doi:10.1590/1809-43921985155238

Wilman, H., Belmaker, J., Simpson, J., De La Rosa, C., Rivadeneira, M. M., & Jetz, W. (2014). EltonTraits 1.0:
Species-level foraging attributes of the world’s birds and mammals. Ecology, 95(7), 2027.

Wiitherich, D., Azdcar, A., Garcia-Nunez, C., & Silva, J. F. (2001). Seed dispersal in Palicourea rigida, a
common treelet species from neotropical savannas. Journal of Tropical Ecology, 17, 449-458.
doi:10.1017/5S0266467401001304

Acta Scientiarum. Biological Sciences, v. 42, 51485, 2020



