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Abstract. The data set provided here includes 8,320 frugivory interactions (records of pair-
wise interactions between plant and frugivore species) reported for the Atlantic Forest. The
data set includes interactions between 331 vertebrate species (232 birds, 90 mammals, 5 fishes,
1 amphibian, and 3 reptiles) and 788 plant species. We also present information on traits
directly related to the frugivory process (endozoochory), such as the size of fruits and seeds
and the body mass and gape size of frugivores. Data were extracted from 166 published and
unpublished sources spanning from 1961 to 2016. While this is probably the most comprehen-
sive data set available for a tropical ecosystem, it is arguably taxonomically and geographically
biased. The plant families better represented are Melastomataceae, Myrtaceae, Moraceae,
Urticaceae, and Solanaceae. Myrsine coriacea, Alchornea glandulosa, Cecropia pachystachya,
and Trema micrantha are the plant species with the most animal dispersers (83, 76, 76, and 74
species, respectively). Among the animal taxa, the highest number of interactions is reported
for birds (3,883) followed by mammals (1,315). The woolly spider monkey or muriqui,
Brachyteles arachnoides, and Rufous-bellied Thrush, Turdus rufiventris, are the frugivores with
the most diverse fruit diets (137 and 121 plants species, respectively). The most important
general patterns that we note are that larger seeded plant species (>12 mm) are mainly eaten by
terrestrial mammals (rodents, ungulates, primates, and carnivores) and that birds are the main
consumers of fruits with a high concentration of lipids. Our data set is geographically biased,
with most interactions recorded for the southeast Atlantic Forest.
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ATLANTIC-FRUGIVORY: A PLANT-FRUGIVORE INTERACTION DATASET FOR THE ATLANTIC
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INTRODUCTION

Seed dispersal by animals is a crucial ecological process that has shaped the co-evolution
of animals and plants for at least 80 My (Eriksson 2014). In tropical forests, plant-frugivore inter-
actions are an ubiquitous component of biodiversity, where 70 to 94% of the woody plant species
produce fleshy fruits that are both consumed and dispersed by animals (Howe and Smallwood
1982; Almeida-Neto et al. 2008;Jordano 2013). Moreover, most animals in tropical regions de-
pend on fruits as a food source in some extent during their lifetime span (Fleming et al.
1987;Kissling et al. 2009), with intensive frugivory in many cases or during critical periods of
their annual cycle (Wheelwright 1983).

Habitat loss, fragmentation, defaunation, and climate change may lead to critical changes
in both frugivore and plant assemblages (Mokany et al. 2014;Morante-Filho et al.
2015;Neuschulz et al. 2016). The decline in frugivore populations affects the ecosystem function-
ality because it leads to a decline in seed removal rates (Pizo 1997), dispersal distances (Donatti
et al. 2009), and survival probability (Rother et al. 2016). Therefore it can induce rapid evolution-
ary changes in seed size (Galetti et al. 2013), disrupt gene flow (Carvalho et al. 2016), and ulti-
mately, affect key ecosystem services such as carbon storage (Bello et al. 2015;Peres et al. 2016).

These negative effects are becoming increasingly common in degraded tropical ecosys-
tems (Arroyo-Rodriguez et al. 2015). For example, the Atlantic Forest, which is a hotspot of bio-
diversity (Morellato and Haddad 2000;Joly et al. 2014), has been highly threatened by forest
fragmentation and overexploitation of its natural resources. Currently 80% of the Atlantic Forest
fragments have less than 50 ha, and almost half of these forest remnants are composed mainly by
edged and are highly defaunated areas (Ribeiro et al. 2009;Jorge et al. 2013). In this biome, fru-
givory plays an important role as up to 89% of the woody plants rely on animals to be dispersed
(Almeida-Neto et al. 2008). Thus, the widespread defaunation and consequent changes in seed
dispersal will likely affect the functionality of several ecosystem services (Banks-Leite et al.
2014;Dirzo et al. 2014).

The rapid frugivore decline creates an urgent need to understand the links that maintain
seed dispersal processes and ecosystem services in the Atlantic Forest before further diversity is
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lost. To approach this need, we have created the ATLANTIC dataset. This dataset is a compila-
tion of 8320 frugivory interactions reported for the Atlantic Forest of Brazil. It includes interac-
tions among 331 vertebrate species and 788 plant species. The records are from plant-frugivore
interactions where fruit consumption and handling may end up as actual consumption of the seed
and posterior seed dispersal for the plant (endozoochory). In addition, we present some func-
tional traits important to understand frugivore process, i.e. fruit and seed size, fruit color, fru-
givore’s body mass and gape size (Levey 1987).

METADATA
CLASS |. DATA SET DESCRIPTORS
A. Data set identity:
Title: ATLANTIC-FRUGIVORY. A plant-frugivore dataset for the Atlantic Forest

B. Data set and metadata identification codes:
Suggested Data Set Identity Codes: ATLANTIC-frugivory.csv

C. Data set description
Principal investigators:
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Departamento de Zoologia
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3. Wesley Silva
Departamento de Biologia Animal
Instituto de Biologia
UNICAMP, 13083-862 Campinas, Brazil

4. Fernanda Ribeiro da Silva
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Abstract: The dataset provided here includes 8320 frugivory interactions (records of pair-
wise interactions between plant and frugivore species) reported for the Atlantic Forest. The da-
taset includes interactions between 331 vertebrate species (232 birds, 90 mammals, five fishes,
one amphibian and three reptiles) and 788 plant species. We also present information on traits di-
rectly related to the frugivory process (endozoochory), such as the size of fruits and seeds and the
body mass and gape size of frugivores. Data were extracted from 166 published and unpublished
sources spanning from 1961 to 2016. While this is probably the most comprehensive dataset
available for a tropical ecosystem, it is arguably taxonomically and geographically biased. The
plant families better represented are Melastomataceae, Myrtaceae, Moraceae, Urticaceae and Sol-
anaceae. Myrsine coriacea, Alchornea glandulosa, Cecropia pachystachya, and Trema micrantha
are the plant species with the most animal dispersers (83, 76, 76 and 74 species, respectively).
Among the animal taxa, the highest number of interactions is reported for birds (3883), followed
by mammals (1315). The woolly spider monkey or muriqui, Brachyteles arachnoides, and ru-
fous-bellied thrush, Turdus rufiventris, are the frugivores with the most diverse fruit diets (137
and 121 plants species, respectively). The most important general patterns that we note are that
larger seeded plant species (>12 mm) are mainly eaten by terrestrial mammals (rodents, ungu-
lates, primates and carnivores) and that birds are the main consumers of fruits with a high con-
centration of lipids. Our dataset is geographically biased, with most interactions recorded for the
southeast Atlantic Forest.

D. Key words: Frugivory, Atlantic Forest, Plant-animal interaction, Fruit traits, Seed dispersal,
Frugivores, Mutualism, Network.

E. Description: The dataset includes 8320 plant-frugivore interactions involving 788
plant species and 331 frugivore species reported in 166 studies; however, some interactions are
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reported in more than one study in different locations, so in total there are 5240 unique interac-
tions. Here, we present only the occurrence of fruit consumption events, excluding pulp con-
sumption and seed predation interactions (Galetti 1993;Pizo et al. 1995). In addition, we do not
record the strength of the interactions, so inferences about the frequency of an interaction or its
actual outcome (i.e., whether the interaction resulted in successful seed dispersal and establish-
ment) should not be made.

The dataset is restricted to the Atlantic Forest domain (Joly et al. 2014) but is mostly con-
centrated in the southeast of the Atlantic Forest (Figure 1). It includes 232 birds, 90 mammals,
five fish, three reptiles and one amphibian interacting with 788 species of plants. The included
plants are predominantly trees (68.2% of the species) and shrubs (21.5%), but palms (4%), lianas
(3.1%), and epiphytes, herbs and parasites (<3%) are also present.

Araucaria
Bahia
I Brejos Nordestinos
I Diamantina

I Florestas de Interior
I Pernambuco

I Serra do Mar

( W Sao Francisco

Figure 1. Distribution of the plant-frugivore interaction records according to the Bioregions
of the Atlantic Forest biome. The colors show the domain of the Atlantic Forest classified to bi-
oregions according to the map of (Olson et al. 2001). The dots show the locations of the original
studies reporting plant-frugivore interactions. Light gray lines show the states of Brazil.
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We found that in average each frugivore interacts with 15.8 (x 22.4) plant species, while
each plant interacts with 6.6 (+ 10.7) frugivore species. The plant families with most of the inter-
actions are Melastomataceae (623 interactions), Myrtaceae (448 interactions), Moraceae (344 in-
teractions), Urticaceae (228 interactions) and Solanaceae (214 interactions). Myrsine coriacea,
Alchornea glandulosa, Cecropia pachystachya, and Trema micrantha are the plant species with
the greatest number of dispersers (83, 76, 76 and 74, respectively). Euterpe edulis is the most
cited species in the frugivory studies (367 times), but it only interacts with 54 species of fru-
givores (Figure 2).
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Figure 2. Rank plots of the number of interacting species for each species of animal (A) and
plant (B). In the right corner, we show the top-ten species with the highest number of interactions.

Animals are colored according to the main group they belong to: bats (green), birds (yellow), ter-

restrial mammals (primates, ungulates, rodents, carnivores, marsupials; blue), and others (gray).
Plants are colored according to growth form: herbs (orange), lianas (purple), palms (pink), shrubs
(blue), and trees (green).

Most of the interactions have been reported for birds (3883), followed by mammals
(1315). The wooly spider monkey or muriqui, Brachyteles arachnoides, and the rufous-bellied
thrush, Turdus rufiventris, are the animal species with the most diverse diets (137 and 121 plants
species recorded, respectively) (Figure 2). The Atlantic Forest is a biome where all classes of ver-
tebrates have been reported eating fruits, even amphibians. Although several species of lizards
and fish have been reported to eat fruits in the Atlantic Forest, most of these studies do not iden-
tify the plant species and, therefore, these information sources were not included here.

The dataset includes trait information for most of the animal and plants species (Table 1).
Regarding those traits that are known to mediate frugivory interactions and their immediate con-
sequences (Levey 1987;Dehling et al. 2016), we report fruit- and seed-related traits for almost
half of the plant species (Table 1) and body mass and mean gape size for 98% and 58% of the an-
imal species, respectively. The correlations between the numerical trait of animal and plant spe-
cies that can be expected to limit a frugivory event through physical constraints were positive and
significant but not very strong (seed diameter: body size r =0.22, p < 0.01, gape sizer=0.13p <
0.01; fruit diameter: body size r = 0.34, p < 0.01, gape size r = 0.23, p < 0.01).

Table 1. Summary of the trait information presented in the ATLANTIC dataset. For each
trait we show the number of species for which the trait is recorded (No spp. with info), the per-
centage of knowledge of each trait (No of spp. with information/Number of all plants/animal spe-
cies in the dataset). For each metric trait, we show the mean * standard deviation (minimum,
maximum). For description of the traits, see the variable information section.

Traits Nospp. %o of Mean + standard devia-
with info  knowledge tion (min, max)
Occurrence 754 95.6% -
Establishment 752 95.4% -
Habit 739 94.0% -
PLANTS Form 749 95.0% -
Fruit diameter 436 55.3% 14.66 £16.2 ( 1, 150)
(mm)
Fruit length (mm) 417 52.9% 21.43+35.45 (0.4, 405)
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Seed diameter

361 45.8% 6.4+5.91 (0.01,37.1)
(mm)
Seed length (mm) 304 38.6% 11.46+9.1 (0.4, 61.4)
Fruit color 704 89.3% -
Lipid score 787 99.8% -
P_resence in IUCN 164 20.8% ]
list
1596.19 +£14987.15
0
Body mass (Q) 322 97.2% (6.260000)
Mean gapesize o 57.4% 12.26 +9.94 (28, 123.3)
(mm)
ANIMALS Frugivory score 312 94.25% -
Migration 171 51.6% -
Eresence in IUCN 395 98.1% )
list
Population trend 299 90.3% -

The dataset also includes 12 exotic plant species, nine cultivated species, 24 naturalized
species and 14 invasive species. In terms of conservation status, 9% of the reported animal spe-
cies and 3.5% of the plant species are listed under some category of threat according to the IUCN
(Table 2). Among the frugivore species, 115 are classified as having populations in decline,
whereas only 29 are classified as increasing its population size.

Table 2. IUCN conservation status of animals and plants species reported in the ATLAN-
TIC dataset.

Animals Plants
Critically endangered 5 3
(CR)
Endangered (EN) 10 11
Vulnerable (VU) 10 11
Near Threatened (NT) 19 8
Least Concern (LC) 277 131
Data Deficient (DD) 4 3
Not evaluated (NE) 6 624
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The most common fruit colors are black (32%) and red (16%), whereas other fruit colors
include blue and pink. Small birds are mostly associated with red fruits, bats with green fruits
whilst primates and large birds eat fruits of any color (Figure 3).
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Figure 3. Factor analysis relating plant traits to animal groups. Plant traits included are seed
diameter (seeddiam), seed length (seedlen), fruit diameter (fdiam), fruit length (flen), lipid con-
centration (Lipid_Score) and fruit color. The equiprobability ellipses include 80% of the plant
species eaten by each group of animals. Arrows represent the relative magnitude of correlation of
the main variables (amplified 10 times for graphical purposes) with the first two axes of the ordi-
nation. Large-seeded plant species are mostly located on the right-hand side of the plot and plants
with large fruits are mostly located on the top of the plot.

We identify that ungulates, rodents, carnivores and primates are the main consumers of
fruits with large seeds (Figure 3). Fruits with small seeds are more likely to be consumed by more
frugivores than fruits with large seeds (Figure 4). Most of the fruits consumed by frugivores have
a low lipid concentration, but birds and rodents are associated with lipid-rich fruits (Figure 5a).
Frugivorous bats and rodents as well as large birds were the groups including the largest propor-
tions of animal species with a high dependency on fruits, and they thus potentially perform a ma-
jor role in seed dispersal (Figure 5b).
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Figure 4. Relationship between seed diameter and the number of animal frugivore species
recorded in interactions. Each point represents a plant species. The black line shows a non-par-
ametric smoothing fit of the relation; the gray zone is the 95% interval of confidence.
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Figure 5. The lipid concentration of fruits consumed and the level of specialization to fru-
givory by each frugivore group. Panel a) shows the proportion of fruits consumed with low (0-
10%), medium (10-20%) or high (>20%) lipid concentration for each frugivore group, where the
percentages are relative to pulp dry mass. Panel b) shows the proportion of species for which the
level of reliance on fruit in the diets is low (occasional consumer), medium (frequent consumer,
but also consuming other kind of food) or high (strict frugivore) for each frugivore group.
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The data have a geographical bias due to the variation in research effort across the Atlan-
tic Forest bioregions (Figure 1). Geographical information is available for 62% of the interactions
reported. Most of the locations are concentrated in the southeast of the Atlantic Forest mainly in
the State of Sdo Paulo (n= 3263, 60%) and Rio de Janeiro (n= 475, 8%). Among the bioregions,
the Serra do Mar domain contains the largest amount of interactions (n= 2358, 45%), followed by
the seasonal-semideciduous forests of Florestas de Interior (n= 2043, 39%). The dataset includes
no information for the Sdo Francisco bioregion.

CLASS |1. RESEARCH ORIGIN DESCRIPTORS

A. Overall project description

Identity: A compilation of plant-frugivore interaction records reported for the Atlantic Forest.
Period of study: Dates of source publications range from 1961-2016.

Objectives: Our objectives for compiling the data for this Data Paper were to (1) summarize in-
formation on pairwise interactions between plant and animal species for fruit consumption in the
Atlantic Forest biome and provide basic information on species traits, and (2) identify major pat-
terns in the reported interactions and identify knowledge gaps to guide future sampling efforts.
Our dataset represents a first attempt to obtain a large-scale catalogue of ecological interactions
with application in macro-ecological studies of diversity patterns. The dataset can also be used as
a reference baseline for studies of Atlantic Forest restoration, for the assessment of global change
effects (e.g., forest fragmentation) and for future documentation of the interaction component of
biodiversity over large spatial scales.

Abstract: Same as above.

Sources of funding: The compilation of this dataset was supported by the Sdo Paulo Research
Foundation (FAPESP) (Grant n° 2013/50421-2, 2013/22492-2, 2014/01986-0, 2014/50434-0,
2015/23770-1, 2015/19092-8, 2015/18381-6 and 2015/15172-7). MG and MAP received a re-
search grant from the Brazilian Research Council (DUP-SCM-MCT/CNPq). OO was supported
by funding from the Academy of Finland (grant 273253 and CoE grant 284601) and the Research
Council of Norway (CoE grant 223257). PJ was supported by a Junta de Andalucia Excellence
Grant (RNM-5731) as well as a Severo Ochoa Excellence Award (Spanish Min. Econ. Comp.,
SEV-2012-0262).

B. Specific subproject description

Site description: The Atlantic Forest is an important biodiversity hotspot (Galindo-Leal and Ca-
mara 2003). It comprises tropical and subtropical forests with highly heterogeneous environmen-
tal conditions. It supports up to 8% of the world’s total species richness and has one of the high-
est rates of endemism in the world (Morellato and Haddad 2000;Joly et al. 2014). The Atlantic
Forest supports at least 15,519 plant species (3343 trees) (BFG 2015), 891 bird species (Moreira-
Lima 2014), 543 amphibians (Haddad et al. 2013), 200 reptiles, 350 fishes (Ministério do Meio

11
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Ambiente 2010), and 298 mammals (Paglia et al. 2012). In addition, seed dispersal by vertebrates
plays an important role in this biome, with 89% of all woody species depending on animals for
their dispersal (Almeida-Neto et al. 2008).

Seventy-two percent of the Brazilian population lives in former areas of the Atlantic For-
est domain (~145 million people) (IBGE 2013). Therefore, many past and present economic ac-
tivities such as logging, sugarcane and coffee farming, agribusiness, industrialization and un-
planned urban expansion have contributed to the deterioration of the ecosystem (Dean 1996).
Currently, conservation of the Atlantic Forest is critical, with the natural remnants accounting for
only 12% of the original biome and over 80% of these remnants occurring as < 50 ha fragments
(Ribeiro et al. 2009). Of the remaining forest, 88% of the fragments are defaunated of large mam-
mals (Jorge et al. 2013).

Experimental/Sampling design: The data were obtained from the published literature, including
166 papers, theses, scientific conference abstracts, technical reports, and photos on web sites
(Wikiaves: http://www.wikiaves.com.br/), and our own unpublished observations. We searched
for potential studies in the following sources: (i) online academic databases (e.g., ISI Web of
Knowledge, Google Scholar, Scielo, Scopus, JStor), (ii) digital libraries of state and federal uni-
versities, (iii) references cited in “gray” literature, and (iv) email contacts with local experts. The
terms used to search the online databases were “frugivorous”, “seed dispersal”, “diet”, “frugivore
networks”, “focal observation” and “Atlantic Forest”, which were combined in different ways us-
ing Boolean operators. Searches were conducted in English, Portuguese and Spanish.

Research methods: We included animal-oriented and plant-oriented studies that reported the oc-
currence of interactions (i.e., a particular animal species feeding on fruits of a particular plant
species or analyses of the diet of a particular animal species). The records in which seed damage
and/or seed predation was reported were carefully removed in order to maintain only fruit con-
sumption events with potential for legitimate seed dispersal. However, some events that did not
report detailed information can be found across a broad gradient covering the range from fully
antagonistic interactions (e.g., pulp consumption with seeds being dropped to the ground) to mu-
tualistic interactions (e.g., fruit/seed handling leading to legitimate seed dispersal). Overall, the
records reflect instances of pairwise interactions between plants and animals in which successful
endozoochorous seed dispersal might be expected.

We also included information from interaction network studies, which recorded an entire
interaction network for a specific location. From these interactions, we recorded plant and animal
taxonomy and compiled for each species the traits that can affect the interaction (i.e., size of fruit,
gape size, fruit color, body mass). Trait data were extracted from the literature and our own meas-
urements using herbarium and museum specimens. In addition, we recorded basic information
from each study (author, title, year, journal, volume, publisher and the link or DOI to the docu-
ment) and the geographical location when provided (latitude, longitude, locality, municipality
and state).

12
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Frugivory interactions were compiled from (Carvalho 1961;Silva 1988;Bonvicino
1989;Silva et al. 1989;Brozek 1991;Motta-Jr 1991;Galetti 1992;Moraes 1992;Rodrigues et al.
1993;Chiarello 1994;Figueira et al. 1994;Galetti and Morellato 1994;Hasui 1994;de Figueiredo
and Perin 1995;Masteguin and Figueiredo 1995;Ferrari et al. 1996;Galetti and Pizo 1996;Kindel
1996;Laps 1996;Pizo 1996;Zimmerman 1996;Galetti et al. 1997;Heiduck 1997;Correia 1997
;Argel de Oliveira 1999;Sabino and Sazima 1999;Galetti et al. 2000;Lopes 2000;da Costa
Gondim 2001;Galetti 2001;Silva and Tabarelli 2001;Valente 2001;Zimmermann 2001;Alvarenga
2002;Cazetta et al. 2002;Guerra and Marini 2002;Mikich 2002a,b;Pizo et al. 2002;Silva et al.
2002;Zimmermann et al. 2002;Aguiar et al. 2003;Castro 2003;Cértes 2003;Guimaraes
2003;Manh&es 2003;Manhaes et al. 2003;Passos et al. 2003;Scheibler and Melo-Janior
2003;Vieiralves Linhares 2003;Alves-Costa et al. 2004; Augusto and Hayashi 2004;Castro and
Galetti 2004;Fadini and De Marco 2004;Gridi-Papp et al. 2004;Pimentel and Tabarelli 2004;Pizo
2004;da Rosa and Marcondes-Machado. 2005;Rocha 2005;Silva 2005;Casella and Céaceres
2006;Da Silva and De Britto-Pereira 2006;Faustino and Machado 2006;Kriigel et al. 2006;Muller
2006;Pascotto 2006;Pinto and Filho 2006;Zaca et al. 2006;Amaral 2007;Castro 2007;Jesus and
Monteiro-Filho 2007;Pascotto 2007;Piccoli et al. 2007;Scherer et al. 2007;Silva et al. 2007;Alves
2008;de Freitas et al. 2008;Galetti et al. 2008;Izar 2008;Keuroghlian and Eaton 2008;Lapenta et
al. 2008;Marques and Oliveira 2008;Alves et al. 2009;Athié 2009;Catenacci et al. 2009;Cortes et
al. 2009;Lapate 2009;Novaes and Nobre 2009;0prea et al. 2009;Parrini et al. 2009;Reys et al.
2009;Vasconcellos-Neto et al. 2009;Brito et al. 2010;Bueno 2010;da Silva 2010;Hil&rio and
Ferrari 2010;Martinelli and Volpi 2010;Morim Novaes et al. 2010;Parrini and Raposo
2010;Rabello et al. 2010;Ribeiro et al. 2010;Rother 2010;Andrade et al. 2011;Cardoso et al.
2011;Caselli and Setz 2011;Colussi 2011;Parrini and Pacheco 2011a;Parrini and Pacheco
2011b;Silva 2011;Weber et al. 2011;Alves 2012;Bredt et al. 2012;Mileri et al. 2012;Pires and
Galetti 2012;Sartore and Reis 2012;Vilela et al. 2012;Bueno et al. 2013;Felix et al. 2013;Galetti
et al. 2013;lkuta and de Campos Martins 2013;O'Farrill et al. 2013;Silva et al. 2013;Camargo
2014;Cid et al. 2014;Figueira et al. 2014;Parrini and Pacheco 2014;de A. Moura et al.
2015;Goncalves and Andrade 2015;Hernandez-Montero et al. 2015;Robinson 2015;Rodrigues
2015;Bufalo et al. 2016) and our own observations.

Taxonomic data: We used plant taxonomic information according to the Flora (REFLORA
2014) for the plant species and the Catalog of Life (COL) (Roskov et al. 2015) for the animal
species.

Plant traits: We focused on compiling information on those plant traits that are known to affect
the success of frugivorous interactions and their potential outcomes for successful seed dispersal
(fruit and seed length and diameter, plant geographical distribution, seed dispersal syndrome,
fruit color, lipid concentration). We compiled this information from the literature (Martius et al.
1840-1906;Mez 1963;Cowan 1967;Berg 1972;Prance 1972;Rogers and Appan 1973;Landrum
1981;Pennington et al. 1981;Kaastra 1982;Kubitzki and Renner 1982;Forero 1983;Lima and
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Lima 1984;Sleumer 1984;Hopkins 1986;Landrum 1986;Hekking 1988;Mori et al. 1990;Penning-
ton 1990;Gentry 1992;Rohwer 1993;Delprete 1999;Henderson 2000;Knapp 2002) (Acevedo-
Rodriguez 2003;Maas and Westra 2003;Maas et al. 2003;Madrifian 2004;Melo and Zickel
2004;Secco 2004;Mendonga-Souza 2006;de Moraes 2007;Grokoviski 2007;Marquete and Vaz
2007;Prance et al. 2007;Smith and Coile 2007;Almeida-Neto et al. 2008;Silva et al. 2008;Ca-
margo et al. 2009;Lorenzi 2009;Boeira 2010;Moreira et al. 2010;Staggemeier et al. 2010;Alves-
Araujo 2012;Dutra et al. 2012;Lobdo et al. 2012;Mello-Silva et al. 2012;Rodrigues 2012;Santos
2012;Fabris and Peixoto 2013;Silva et al. 2013;CRIA 2014) and our own measurements in her-
barium and private collections.

Animal traits. We compiled data on animal traits that are considered important for determining
the effectiveness of frugivory, particularly mean gape size and body mass. We compiled this in-
formation from the literature (Gardner 1962;Davis 1976;Taddei and Reis 1980;Motta-Jr
1991;Hoyo et al. 1994;Argel de Oliveira 1999;Navas and B 2001;Dias et al. 2002;Velazco
2005;Zortéa and Tomaz 2006;Bonaccorso et al. 2007;Capusso 2007;Fonseca and Antunes
2007;Dias and Peracchi 2008;Fialho 2009;Marciente and Calouro 2009;Mottin 2011;Paglia et al.
2012;Reis et al. 2013;Louzada et al. 2015;Moratelli R 2015;Vilar et al. 2015) and our own meas-
urements from specimens in museums (Museu de Zoologia de Sdo Paulo-MZUSP and Museu
Paraense Emilio Goeldi, Belém). Fruit dependency were obtained according to (Paglia et al.
2012) and expert knowledge.

Statistical analysis. We provide some preliminary, descriptive statistical analyses for an over-
view of the data. We used Pearson correlations, with the logarithmic transformation of the nu-
merical traits, among variables that can limit the ingestion of the fruit (seed diameter, fruit diame-
ter, body size, gape size). To explore the type of fruit eaten by each group of animals we per-
formed a factor analysis with mixed data using the function FAMD from the package Fac-
toMineR (L& et al. 2008) in R. We included fruit diameter, fruit length, seed diameter, seed
length, fruit color and the lipid score as analysis variables. The continuous variables were trans-
formed and scaled to unit variance, and the categorical variables were transformed into a disjunc-
tive data table (crisp coding) and then scaled using the specific scaling of MCA. We used the
type of animal as a supplemental variable, with animal species classified into groups according to
the taxonomic order level. For birds, we divided species into small (body mass < 80 g and gape
size <12 mm) and large categories (body mass > 80 g and gape size >12 mm) according to
(Galetti et al. 2013). We also explored the relationship between seed size (logarithmic transfor-
mation) and the number of frugivore species interacting using non-parametric smoothing. Finally,
to assess the completeness of the interaction data coverage, we performed an accumulation curve
analysis of the number of interactions reported as a function of the number of studies included
(Jordano 2016).
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C. Data limitations and potential enhancements

We recognize that documenting all frugivory interactions in a megadiverse ecosystem is a
challenging task and that the present dataset is likely to include only a subset of those interac-
tions. Therefore, caution is needed when drawing conclusions from this dataset. Biased data can
lead to misidentification of ecological and evolutionary processes and the inefficient use of lim-
ited conservation resources (Hortal et al. 2015;Jordano 2016).

The first limitation of our data is its representativeness. Our dataset is arguably biased to-
ward trees and shrubs, whereas interactions with many herbs, epiphytes and lianas are likely to be
underrepresented. The dataset has a somewhat better representation of mammals known to eat
fruits (e.g., primates) and birds. However, neither of these groups are comprehensively repre-
sented, as the data include 27.1% of the birds and 30.1% of the mammals reported for the Atlan-
tic Forest (58% if we account only for the mammalian fruit-eaters) ((Paglia et al. 2012;Moreira-
Lima 2014); Table 3).

Table 3. Representativeness of our database in relation to the species known to occur in At-
lantic Forest. Number of species reported for each class was obtained from literature: Aves
(Moreira-Lima 2014), Amphibia, Reptilia and Actinopterygii (Ministério do Meio Ambiente
2010), Mammalia (Paglia et al. 2012). For mammals and birds, we show the total number of spe-
cies that are known to eat fruits (Frugivorous species and Omnivorous species).

Number of species in the

Atlantic Forest N“m.beY of
Class Order _ Frugivores and species in our
All Species . dataset
Omnivorous
AVES 891 242
AMPHIBIA 543 1
REPTILIA 200 3
ACTINOPTERYGII 350 5
MAMMALIA 291 92
Artiodactyla 6 6 3
Carnivora 20 8 8
Chiroptera 113 23 36
Didelphimorphia 22 15 12
MAMMALIA Perissodactyla 1 1 1
Primates 24 24 23
Rodentia 98 74 7
Cingulata 7 4 0
AVES Accipitr_iformes 41 0 1
Columbiformes 17 5 8
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Coraciiformes 7 2 1
Craciformes 9 9 6
Cuculiformes 11 0 4
Falconiformes 14 0 1
Gruiformes 25 0 1
Passeriformes 476 147 187
Piciformes 36 17 17
Trogoniformes 5 5 4

Some interactions are missing due to the lack of detailed studies including the taxonomic
identification of the plant species eaten. For example, some species of fish, amphibians and rep-
tilians with well-studied diets are reported to eat “vegetable matter” (e.g., Tropidurus, Mabuya,
Brycon) but may in fact be eating and actually dispersing seeds (Valido and Olesen 2007;Correa
et al. 2015). However, as no taxonomic information is provided concerning the plant species, we
did not report these interactions here. Two tortoise species that occur in the Atlantic Forest (Che-
lonoidis carbonaria and C. denticulatus) are known to be important seed dispersers (Strong and
Fragoso 2006), but we did not find any frugivory information for the Atlantic Forest.

Our dataset lacks information on secondary seed dispersers. For example, ants are well
known to be important seed dispersers in the Atlantic Forest (Pizo and Oliveira 2000;Passos and
Oliveira 2002;Christianini and Oliveira 2009;Bieber et al. 2013), and other invertebrates may act
as secondary seed dispersers as well (e.g., dung beetles; (Culot et al. 2013)). However, these in-
teractions remain poorly studied and were not included in this dataset. Secondary dispersal by
small mammals, raptors and parrots has been occasionally reported (Galetti and Guimaraes Jr
2004;Sazima 2008;Tella et al. 2016), but it information is poorly represented here. Only one in-
vasive mammal species (wild boar, Sus scrofa) has been recorded eating fruits (F. Pedrosa et al.,
unpublished data).

Among the birds, we found that Passeriformes compose the majority of the interactions.
The only Trogon specie that is not represented in the dataset is Trogon collaris. Interestingly, we
found some occasional interactions of species of the orders Accipitriformes, Columbiformes Cu-
culiformes, Falconiformes and Gruiformes, that are not supposed to eat fruits (Table 3).

For the mammals, our dataset is positively biased towards primates. Only one of the 24
primate species reported for the Atlantic Forest has no data (Callicebus personatus). Other orders
(e.g., Carnivora, Perissodactyla and Artiodactyla) are well represented, but the ruminants (Rumi-
nantia suborder, Artiodactyla) have been less studied. It is important to mention that the carni-
vores are well represented in the dataset (Table 3). Of the eight omnivorous carnivores that fre-
quently feed on fruits, we have information for five species (Cerdocyon thous, Eira barbara,
Lycalopex gymnocercus, Nasua nasua, Procyon cancrivorus) but no information for Potos flavus,
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Conepatus semistriatus, or Conepatus chinga. Notwithstanding, the dataset contains information
on frugivorous interactions of carnivores that are not recognized as fruit-eaters (Leopardus tigri-
nus, Leopardus wiedii, Puma concolor) or secondary seed dispersers (Sarasola et al. 2016). We
also note that the role of Cingulata (Dasypus hybridus, Dasypus novemcinctus, Dasypus sep-
temcinctus and Euphractus sexcinctus) as frugivores is completely missed in our dataset, alt-
hough they have been recorded as sporadic fruit eaters elsewhere (Dalponte and Tavares-Filho
2004).

We recorded 32% of all bat species reported for the Atlantic Forest as frugivorous, includ-
ing some genera well known as insectivores (e.g., Noctilio, Trachops) (Table 3), showing that, in
general, bats can eat fruits more often than expected. Therefore, more efforts should be made to
assess the compensatory role of bats when large frugivores are extirpated (Melo et al. 2007;Melo
et al. 2009). The taxonomic bias in research imposes some limitations in the analysis of frugiv-
ory-related processes (Hortal et al. 2015). For instance, the lack of information for some groups
can seriously limit our understanding of compensation effects in the ecological process of animal-
mediated dispersal under the current disturbance scenarios in the Atlantic Forest (Bueno et al.
2013).

An additional important limitation is the number of interactions reported. Although the
database characterizes the main diet of frugivores, it does not contain the entire spectrum of ani-
mal diets. Our dataset reports only 2.02% (5232) of all possible interactions that can occur based
on 788 plants and 331 animals. A simple interaction-accumulation analysis (with the number of
studies used as a proxy for samples) shows that the dataset does not converge to an asymptotic
value as would be needed to estimate of the actual number plant-frugivore interactions in the At-
lantic Forest system (Figure 6). Therefore, more studies are needed for a comprehensive repre-
sentation of the interaction network.
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Figure 6. Number of interactions reported as a function of the number of studies included.
The figure shows an accumulation analysis performed similarly as species diversity accumulation
curve analysis (Jordano 2016). Here we considered each pairwise-interaction as a “species” and
the different studies as sampling units. The mean expected value for 172 studies is 5151 distinct
pairwise interactions; however, as the curve does not reach an asymptote, many more interactions
can be expected to be found by further studies. Black line shows the mean estimate and the green
shadow shows the 95% confidence interval around the estimate.

Recognizing all the above-mentioned limitations allows us to suggest guidelines for future
research aimed to overcome these limitations. It is important to fill the gap in knowledge for sev-
eral groups, such as bats, rodents, reptilians, fish, amphibians, cingulata and ruminants. While
these groups are not strict frugivores, they may compensate for or complement the seed dispersal
functions provided by large frugivores (Bueno et al. 2013). It is also important to understand the
role of non-woody plants in the diets of frugivorous animals, e.g., as lianas and epiphytes can
provide important fruit resources. In addition, more efforts are needed to obtain quantitative esti-
mates of all plant-animal interactions in the complex Atlantic Forest ecosystem. These efforts
need to be focused on the local scale in order to help us to understand the effectiveness of seed
dispersal processes in more detail (Vidal et al. 2014).

We hope that the compilation of the Atlantic database encourages researchers to explore
of the role of frugivorous interactions that shapes the diversity of species-rich assemblages and
ecosystem services. Research on the diversity and functionality of animal-plant interactions com-
plements research focused at the species-level. It further enables the study of ecosystem pro-
cesses, such as how the loss of key interactions influences food-web organization (Valiente-Ba-
nuet et al. 2015). Therefore, more research should be conducted to examine the influence of fru-
givory in shaping the resilience of diversity and ecosystem services in a changing world. It is
time to incorporate biotic interactions in the bigger ecological picture to understand resilience to
environmental changes (Araujo et al. 2011;Morales-Castilla et al. 2015). Undoubtedly, there is a
demand for forecasting the dynamics and functioning of novel ecosystems emerging from differ-
ential responses of species to global change (Montoya and Raffaelli 2010;Lessard et al. 2016).

CLAss I11. DATA SET STATUS AND ACCESSIBILITY

A. Status

Latest update: October 2016

Latest archive date: October 2016

Metadata status: Last update October 2016, version submitted

Data verification: Data is mostly from published sources. We searched for extreme values, cor-
rected any transcription errors and homogenized the taxonomic information.
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B. Accessibility

Contact person: Carolina Bello or Mauro Galetti, Departamento de Ecologia, Universidade Es-
tadual Paulista, Rio Claro, S&o Paulo, 13506-900, Brazil E-mail: caro.bello58@gmail.com; mga-
letti@rc.unesp.br

Download link: https://github.com/pedroj/ATLANTIC

Copyright restrictions: None.

Proprietary restrictions: Please cite this data paper when the data are used in publications. We
also request that researchers and teachers inform us of how they are using the data.

Costs: None.

CLASS IV. DATA STRUCTURAL DESCRIPTORS

A. Data set file

Identity: ATLANTIC-Frugivory.csv

Size: 8320 records, 3968 KB

Format and storage mode: comma-separated values (.csv)

Header information: See column descriptions in section B.

Alphanumeric attributes: Mixed.

Data anomalies: If no information is available for a given record, this is indicated as 'NA'.

B. Variable information
1) Table 4. Interaction information. Description of the fields related with the interaction re-
ported in the Atlantic Forest.

Type Of. Infor- Field Description Levels Example
mation
Record ID Identifier straight pins 1t08320 |15
number numbered of the interac-
tion record
INTERACTION F_ru- S_(:lentlflc name of the fru- Turd_us amauro-
givore_Spe- | givore chalinus
cies
Plant_Species | Scientific name of the Aegiphila integ-
plant rifolia
Type of Inter- | Describe the type of inter- | Mutualism | Mutualism
action action included in the da-
taset. Mutualism refers to
the act of ingesting the
seed.

19



mailto:caro.bello58@gmail.com
mailto:mgaletti@rc.unesp.br
mailto:mgaletti@rc.unesp.br
https://github.com/pedroj/ATLANTIC

2) Table 5. Plant information. Description of the fields related with the plant involved in the in-

teraction.
Type OT - Field Description Levels Example
formation
Plant_family Family taxonomic classi- Clusiaceae
fication
Plant_genus Genus taxonomic classi- Aegiphila
fication
Plant_spe- Specific epithet taxo- integrifolia
cific.epiteth nomic classification
Plant_distribu- | Brazilian states in which | AM; PA; MT,; RJ; BA; MG
tion the plants have been re- | MG; BA; MS...
ported
Plant_origin If the plant is native or Native Native
introduced in Brazil Naturalized
Cultivated
Invasive
fruit_diameter Diameter in mm of the 20.3
PLANT IN- fruit
FOR- fruit_length Length in mm of the fruit 28.2
MATION
seed_diameter Diameter in mm of the 12.3
seed
seed_length Length in mm of the seed 15
Fruit_color Color of the mature fruit green
Lipid_score 1: 0 to 10% of 1
lipid.
2: 10 to 20% of
lipid.
3: > 20% of li-
pid concentra-
tion in dry
weight.
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Plants_IUCN

IUCN Classification for

threatened plants

EX: Extinct
EW: Extinct in
the wild

CR: Critically
endangered

EN: Endangered
VU: Vulnerable
NT: Near threat-
ened

LC: Least con-
cern

DD: Data defi-
cient

NE: Not evalu-
ated

CR

3) Table 6. Animal information. Description of the fields related with the animal involved in

the interaction.

classification

Type OT - Field Description Levels Example
formation
Frug_Class Class taxonomic | Aves, Mammalia, Aves
classification Amphibia, Reptilia,
Actinopterygii
ANIMAL Frug_Order Order taxonomic Passeriformes
INFOR- classification
MATION Frug_Family Family taxonomic Pipridae
classification
Frug_Genus Genus taxonomic Chiroxiphia
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Frug_Group Major type of fru- | Amphibians, Bats, Small Birds
givore Carnivore
Fish, Large Birds, Liz-
ards, Marsupials, Pri-
mates, Rodents, Small
birds, Ungulates,
Tapir
Frug_Body Ma | Mean body mass 63
SS of the frugivore in
grams
Frug_Mean_Ga | Mean gape length 12
pe_Size of the frugivore in
mm
Frugivory_score | Grade of frugiv- | 1. Occasional fru- 1
ory according to | givore
the amount of 2: Facultative fru-
fruit in the animal | givore
diet 3: Strict frugivore
Frug_Migra- Migration status | AM: Migratory R
tion_status R: Resident
Frug_IUCN IUCN Classifica- | EX: Extinct EN
tion for threat- EW: Extinct in the
ened animals wild
CR: Critically endan-
gered
EN: Endangered
VU: Vulnerable
NT: Near threatened
LC: Least concern
DD: Data deficient
NE: Not evaluated
Frug_Popula- General popula- Decreasing, Stable, Stable
tion_Trend tion trend Increasing
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4) Table 7. Study information. Description of the fields related with the study that reports the

interaction.
Type OT - Field Description Levels Example
formation
Study reference | The study Alves 2005
which report
the interaction
Study_Method The type of Animal-ori- Animal_Oriented
study accord- | ented
ing to the focus | Plant-oriented
organisms of Network
the study
Study Location | Specific loca- Carlos Botelho State
tion of the Park
study
STUDY IN- Latitude D_eC|maI coor- -25.53122
FOR- . dma'tes
MATION Longitude ngmal coor- -47.961431
dinates
Precision Precision of Precise Precise
the given coor- | Not-Precise
dinate City
State
Island

DOIl/Link/refer-
ence

DOI of the ar-
ticle, link or
relevant infor-
mation for ac-
cessing the
study

10.4025/actascibi-
olsci.v32i3.5351

CLASS V. SUPPLEMENTAL DESCRIPTORS
A. Data acquisition
1. Data request history: None

2. Data set updates history: None

3. Data entry/verification procedures
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G. History of data set usage

Bello et al. (2015) used the interactions and trait information to define which frugivores disperse
large seeds in order to access how defaunation of large frugivores affects carbon stock in tropical
forest. Bufalo et al. (2016) used the primate-plant interaction data to explore the implications for
the conservation of primates in the Atlantic Forest. Culot et al. (unpublished data) used the fru-
givore interactions to assess the diet of wooly spider monkey, howler monkey, and black-fronted
piping guan and analyze the synergistic effects of seed dispersers and predators on carbon storage
in tropical rainforests. Emer et al (unpublished data) used the avian seed dispersal interactions to
test how defaunation and habitat fragmentation are affecting network structure at the community
level. Pizo et al. (unpublished data) used the data involving to explore the relationship between
the overall diet of birds and the lipid content of the fruits they eat
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