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Ramphastidae (Piciformes) is a family endemic to the Neotropics, and includes 36 species. Although

Recibido they are classified primarily as frugivorous birds, they also feed on invertebrates and small
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) Toco Toucan (Ramphastos toco), the most common Ramphastidae in non-Amazonian Brazil. A
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Publicado search for photographic records of this species was done in April 2022 in WikiAves, the largest

community science database regarding Brazilian birds. A total of 271 photographs had evidence of
feeding activities. Most of them involved non-avian resources (85%), such as fruits, while a minor
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ISSN 1794-0915 portion referred to avian resources (15%). These 42 records involving avian resources were more
numerous in October-December than in other periods of the year. They showed the consumption
Citacién of eggs (50%), nestlings (45%), and juvenile or adult birds (5%). These feeding records included

OLvelRa, TMA & D.P Tuseus. 2023.  species of the families Tyrannidae, Columbidae and Icteridae, having the Great Kiskadee (Pitangus

Seasonal variation in the predation on  sulphuratus) as the most common prey species. On the other hand, records involving non-avian

avian resources by the Toco Toucan resources occurred throughout the year. As a result, the proportion of photographs with avian

(Ramphastos toco) in Brazi, based on  ragorces was higher in October-December than in other periods. This relatively high frequency of

E%EEE?;% Sc'en;i;;iz Om‘:]?tlsg'; avian resources in the diet of the Toco Toucan coincides with their nesting period in Brazil. With our
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diet and feeding ecology of Neotropical birds.
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Resumen

La familia Ramphastidae (Piciformes) es endémica al Neotropico e incluye 36 especies. Aungue son
consideradas principalmente aves frugivoras, también se alimentan de invertebrados y pequefios
vertebrados. El objetivo de este estudio fue examinar el consumo de recursos aviares por parte del
Tucan toco (Ramphastos toco), el Ramphastidae mas comun en el Brasil no amazoénico. En abril de
2022 se realizd una busqueda de registros fotograficos de esta especie en WikiAves, la mayor base
de datos de ciencia ciudadana sobre aves brasilefias. Un total de 271 fotograffas tenfan evidencia
de actividades de alimentaciéon. La mayoria involucraba recursos no aviares (85%), como frutas,
mientras que una porcidon menor se referfa a recursos aviares (15%). Estos 42 registros que
involucran recursos aviares fueron méas numerosos en octubre-diciembre que, en otros periodos
del afio, demostrando el consumo de huevos (50%), polluelos (45%) y aves juveniles o adultas (5%).
Estos registros de alimentacion incluyeron especies de las familias Tyrannidae, Columbidae e
Icteridae, teniendo al Bichofué (Pitangus sulphuratus) como la especie de presa més comun. Por
otro lado, los registros que involucraban recursos no aviares ocurrieron a lo largo del afio. Como
resultado, la proporcién de fotografias con recursos aviares fue mayor en octubre-diciembre que
en otros periodos. Esta frecuencia relativamente alta de recursos aviares en la dieta del tucan toco
coincide con su perfodo de anidacion en Brasil. Con nuestro estudio reconfirmamos la utilidad de la
ciencia participativa para mejorar nuestro conocimiento sobre la dieta y la ecologia alimentaria de
las aves neotropicales.

Palabras clave: ciencia ciudadana, dieta, huevo, ecologia alimentaria, polluelo, Ramphastidae
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Introduction

Citizen science, also called community science, refers
to the contribution of citizens to scientific research
(Bonney et al. 2009, Bela et al. 2016, Chandler et al.
2017). This collective activity includes creating and
maintaining online platforms that receive millions of
wildlife records obtained by thousands of contributors
(Sullivan et al. 2009, Turnhout et al. 2016, Johnson et
al. 2027). Regarding Brazilian birds, a significant
platform harbors records of more than 1900 species
gathered throughout the country - WikiAves (de
Camargo Barbosa et al 2021). Researchers can use
photographic records of this platform to investigate
aspects of the natural history of numerous species
(Tubelis 2023). This avifauna includes the popular and
charismatic Ramphastidae family, with about 60,450
photographs on this platform (WikiAves 2023). This set
of records can improve the knowledge of their
ecological interactions, such as predation and seed
dispersion, as numerous photographs show their food
items.

The Ramphastidae family belongs to the Order
Piciformes and includes birds known as toucans and
aracaris, which comprise five genera and 36 species
restricted to the Neotropics (Winkler et al. 2020). They
occur widely from southern Mexico to northern
Argentina and southern Brazil, except in dry forest
regions and highlands (Short & Horne 2001). These
birds have colorful plumage and an enormous bill that
play important roles concerning feeding behavior,
communication, thermoregulation of the body, and
fighting conspecifics (Sick 1997, Tattersall et al. 2009,
Guaraldo et al. 2019). Toucans and aracaris rely on a
wide range of forests and other wooded habitats
(Short & Horne 2001, Winkler et al. 2020). They nest in
cavities of tree trunks, termite nests, and rocky crevices
(Sick 1997, Winkler et al. 2020, Tubelis 2022).

Most species are mainly frugivorous but feed on bird
eggs, chicks, invertebrates, small lizards, and frogs
(Winkler et al 2020). Some items are entirely
swallowed after being positioned in the tip of the bill,
while others are picked apart before consumption
(Winkler et al  2020). Although toucans are
conspicuous birds, detailed studies on their feeding

ecology remain scarce. For example, in Costa Rican
forests, Howe (1977) showed that toucans and aracaris
can be abundant tree visitors that process undamaged
seeds, thus being important dispersers. Further,
through notations of stomach contents on museum
specimen labels, Remsen et al (1993) revealed the
highly frugivorous diet of toucans. Also, Galetti et al
(2000) identified fruits of more than 50 plant species in
the diet of toucan communities found in the Brazilian
Atlantic Forest. Some studies in a few Neotropical
locations also provided brief comments on consuming
unusual food items, such as flowers, insects, small
mammals, and lizards (Skutch 1955, 1971, Riley & Smith
1986, Silva & Azevedo 2012). Even geophagy has been
eventually recorded for some species of toucans
(Matinata & Perrella 2020).

Twenty-two species of the Ramphastidae family occur
in Brazil (Stotz et al 1996, Pacheco et al 2021). The
Toco Toucan Ramphastos toco is the largest species,
and its geographic distribution substantially overlaps
with that of the Cerrado region and adjacent biomes
(Sedgwick 2020). It relies less on forests than other
ramphastids and occurs in nearby open habitats and
urban wooded areas (Sick 1997, Tubelis 2022). In the
Pantanal wetland, Toco Toucans were observed
foraging mainly on fruits of Genipa americana, Ficus
spp., and Cecropia spp. trees and it is noted that
toucans move among habitats seasonally in search of
abundant fleshy fruits (Ragusa-Netto 2006). In this
region, the abundance of Toco Toucans in forest
patches was positively influenced by the availability of
fleshy fruits, especially those of Ficus spp. trees (Franca
et al. 2009). In central Cerrado, the abundance of
Toco Toucans had substantial temporal and spatial
variations, which coincided with the availability of
specific fruits such as those of Virola sebifera in gallery
forests and Schefflera macrocarpa in  woodland
savannas (Ragusa-Netto 2008). Also, in the Cerrado,
Ragusa-Netto (2013) showed that the seasonality
influenced the occurrence of Toco Toucans in a range
of forest types in fruit abundance and diversity.

As a result, most detailed studies on the feeding
ecology of the Toco Toucan focused on its frugivorous
diet rather than dealing with the consumption of
animal food items. Other information on its feeding
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ecology is available as qualitative data in books about
regional avian faunas that mention fruits as their
primary food items and the eventual consumption of
avian resources such as eggs and nestlings (e.g., Antas
& Cavalcanti 1988, Sick 1997, Antas 2004). Thus, their
role in animal predation needs to be better examined.
We supposed that this scarcity of quantitative
information on the diet of toucans could be mitigated
through the use of community science data, as
recently occurred for bird species of other families
found in Brazil (e.g., Crozariol & Gomes 2010, Teixeira
et al 2019, Tubelis & Sazima 2021, Tubelis &
Wachlevski 2021, de Souza et al 2022, Gomes &
Tubelis 2022, Costa & Tubelis 2023).

In this study, we examined the avian diet of the Toco
Toucan in Brazil using photographic records gathered
by community scientists. We hypothesized that
seasonal variations in the diet of Toco Toucans
occurred throughout the year because the availability
of vegetal and animal resources varies seasonally in
Brazil; for example, numerous land birds nest during
or near the spring (September-December), thus
leading to the abundance of eggs and nestlings
during this period (Sick 1997). We examined seasonal
variation in the number of records with evidence of
consumption of avian resources (eggs and birds of
variable age). We compared them with those involving
non-avian resources. Examining the proportion of
these two resource types among food items along the
year would allow the study of temporal variation in its
diet. We discuss our results regarding the feeding
ecology of toucans in the Neotropics.

Methods

Data gathering.- We based this study on a
compilation of photographic records with evidence of
the Toco Toucan feeding activities in Brazil. We
obtained records in April 2022 through a search in
WikiAves (https://www.wikiaves.com.br) -  a
community science project organizing the largest
digital voucher database concerning Brazilian birds. It
currently harbors approximately 4,652,000 records of
more than 1,950 species through the contribution of
about 45,800 observers. Other platforms (eBird Brasil,
iNaturalist and Macaulay Library) were not searched

due to the relatively low number of photographs of
the Toco Toucan in Brazil.

For  the  WikiAves  search, we  selected
"Registros” (Records) and then “Busca
Avancada” (Advanced Search). The scientific name of
the species was typed in the “Espécie” (Species) field,
and then the "Alimentando-se/Cacando” (Feeding/
Foraging) filter was selected. The resulting
photographs were carefully examined to select only
those with evidence of feeding activities (here called
"feeding records”). This filter eases the search for
feeding records, as about 16,000 Toco Toucan records
were available in WikiAves during the search period.
Feeding activities included Toco Toucans: (1) holding
known food items (fruit, seeds, flowers, buds,
invertebrates or vertebrates, including their eggs) with
the bill and/or foot, (2) with the bill open, expecting
for a falling food item, (3) with pieces of fruits on the
bill, and perched on a tree having the same fruit, and
(4) directing the bill towards open (damaged) fruits of
a tree. This study did not include photographs of
toucans perched on fruiting trees without evidence of
feeding activities. The same occurred for records with
birds foraging on artificial feeders. These were noted
when photographs showed toucans and food items
on wooded structures made by man and when cut
bunches of coconuts were hanging on tree branches,
a common fact around lodges in southern Brazil.

When we could note that two or more photographs
obtained in each municipality, on the same day,
referred to the same feeding event, only one was
selected. This was done to avoid repetitions/replicates
that could overestimate the consumption of a given
food item in each period. We contacted the authors of
the selected photographs in cases of doubt about
feeding activities, and to confirm the identification of
bird species being preyed. We received permission
from community scientists  to include  their
photographs in  this paper. Information on
municipalities and biomes was obtained in IBGE-
Instituto Brasileiro de Geografia e Estatistica (https://
cidades.ibge.gov.bry).

Data analysis.- We grouped feeding records into two
categories, based on the type of food resource being
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Figure 1. Photographic records of the Toco Toucan (Ramphastos toco) consuming avian resources and obtained by
community scientists in Brazil. An individual preying on a juvenile Great Kiskadee (Pitangus sulphuratus) at Barretos, SP (A)
An adult Kiskadee being consumed at Miranda, MS (B) An individual with an egg is being persecuted by a Great Kiskadee at
Campinas, SP (C) An individual preying on a nestling at Sdo Salvador de Tocantins, TO (D) An individual eating a nestling at
Nova Andradina, MS (E) Photographs (A) Guilherme Soares/WA835089 (B) Francisco Petinha Lira/WA1941489 (C) Humberto
Mancuso/WA4162973 (D) Nicola Aidinis/WA3598959 (E) Alex Polatto Carvalho/WA1154627.

consumed by toucans: (1) “feeding records involving
avian resources”, (e, photographs with toucans
consuming eggs, nestlings, or juvenile and adult birds
(Fig. 1), (2) "feeding records involving non-avian
resources”, Le., photographs with toucans consuming
food resources other than those related to birds, such
as fruits, flowers, buds, invertebrates, and other
vertebrates. The seasonal occurrence of feeding
records involving avian and non-avian resources was

examined by grouping them in months (e.g., January,
May). For each month, we also evaluated the
proportion of avian resources in the diet of the Toco
Toucan. We used the Chi-square test to compare the
number of records involving avian and non-avian
resources. This analysis was done with the BioEstat
Program (Ayres et al. 2007), considering a significance
level of 5%. We considered that, for each month of
the year, the number of feeding records with avian
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and non-avian resources would represent the
proportion of these two types of food items in the diet
of Toco Toucans during a specific period.

Results

We examined 2,042 photographs of the Toco Toucan
deposited in the WikiAves database. Of these, we
included in our analysis a total of 271 (13%) referred to
feeding records obtained by community scientists in
Brazil between 2008 and 2022. Most of them (n=229,
85%) involved non-avian resources; they comprised
fruit (n=219), flowers and buds (n=4), invertebrates (n
= 4), frogs (n=1), and lizards (n=1). On the other hand,
a minor portion (n=42, 15%) of the total feeding
records referred to avian resources. These avian
resources were obtained in 37 municipalities in the
Atlantic Forest, the Cerrado, the Pantanal, and in their
ecotones (Appendix 1).

Feeding records involving avian resources were more
numerous (88%) between October and December
than in other periods of the year (Fig. 2). They were
scarce (12%) between January and May and absent
between June and September. Of these 42 feeding
records, those with the consumption of eggs (50%)
and nestlings (45%) were more numerous than those
showing the predation of juvenile or adult birds (5%,
one record of each) (Fig. 2, Appendix). Thirteen (31%)
of these records allowed the identification of the bird
species being preyed. These feeding records included
species of the families Tyrannidae (11 records),
Columbidae (n=1), and Icteridae (n=1). The Great
Kiskadee Pitangus sulphuratus was the species most
often present in the feeding records involving avian
resources (Appendix).

Conversely, feeding records involving non-avian
resources occurred throughout the year (Fig. 2). The
proportion of avian resources in the diet of the Toco
Toucan was higher in October-December than in
other periods. During these three months, differences
between the number of feeding records involving
avian and non-avian resources were not significant.
For other months of the year, the number of feeding
records involving non-avian resources was significantly
higher than those with avian resources (Table 1).
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Figure 2. Seasonal variation in the proportion (%) of feeding
records of the Toco Toucan (Ramphastos toco) with non-
avian (black bars) and avian (colored bars) resources
obtained by community scientists in Brazil. Records were
gathered in the WikiAves database in April 2022.

Discussion

Our study represents one of the most extensive
samples of the Toco Toucan food items, partly
because photographs were gathered over 14 years by
community scientists producing about 270 feeding
records. Also, this study produced the most significant
sample of animal food items consumed by Toco
Toucans, as most detailed studies on its feeding
ecology quantified the consumption of fruits (e.g.,
Ragusa-Netto 2006, 2008, 2010, Santos & Ragusa-
Netto 2013). As an exception, Pizo et al (2008)
showed that Toco Toucans were responsible for the
predation of about 12% of the eggs of the Hyacinth
Macaw (Anodorhynchus hyacinthinus) in the Pantanal
wetland. Furthermore, our approach based on
community science data allowed the acquisition of
records over an extensive area in Brazil, leading to
data acquisition in several situations and periods.

The consumption of avian eggs and nestlings by Toco
Toucans and other ramphastids has been reported in
a few books or studies (e.g., Antas & Cavalcanti 1988,
Sick 1997, Antas 2004, Sedgwick 2020, Winkler et al
2020). Our study is the first to quantify the
consumption of these food items — feeding records
indicate that eggs and nestlings are consumed in
similar frequencies, which might occur because Toco
Toucans can gather any of them easily with the bill
after finding and reaching a nest. Due to their large
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size, Toco Toucans could fly carrying eggs and
nestlings of medium-sized and small birds. Thus, the
list of four bird species preyed on by Toco Toucans
obtained in this study might increase considerably with
further records, combining community science and
conventional ornithological studies. To reinforce this,
Sick (1997) mentioned the predation of eggs and
nestlings of species such as Pachyramphus spp
(Tityridae), the Yellow-rumped Cacique (Cacicus cela)
(Icteridae), and the Hooded Siskin  (Spinus
magellanicus) (Fringillidae) not photographed by
citizen scientists. Also, nest predation by Toco Toucans
can involve large bids such as the Hyacinth Macaw
(Pizo et al. 2008), suggesting a wide spectrum of
potential items to be preyed by Toco Toucan.

On the other hand, the predation of juveniles and
adults outside the nests, as shown in two records of
our study, appears to be uncommon. Previous studies
have not reported this behavior by Ramphastos
species (Sedgwick 2020, Winkler et al. 2020). As our
approach has not involved observations in the field,
we could not know how the predation of a juvenile
and an adult Great Kiskadee occurred. However, the
photograph’s author informed us that numerous birds
were mobbing (sensu Cunha & Fontenelle 2014)
against the Toco Toucan in the tree canopy when the
juvenile was captured. As Toco Toucans often attack
nests of the Great Kiskadee (Sick 1997), future studies
could examine if predation events are involved in
defensive  behavior against toucans. This low
proportion of feeding records with juveniles and
adults of other species in the diet of toucans might
result, in part, in greater difficulties in preying on them
when compared with the gathering of eggs and
nestlings. As nests of the Great Kiskadee often appear
as large objects on isolated tree canopies and poles
and are built with malleable vegetal material (Sick
1997), they might be easily detected and have their
content preyed by Toco Toucans.

Community scientists obtained photographs of Toco
Toucans throughout the year in Brazil, as indicated by
feeding records with non-avian resources. Thus, the
concentration of feeding records involving avian
resources between October and December indicates
that Toco Toucans feed on them mainly during this 3-

Table 1. Values of the Chi-square test used for comparing the
numbers of feeding records involving avian and non-avian
resources in the diet of the Toco Toucan in Brazil, based on
citizen science data (n=271) gathered in the WikiAves
database in April 2022.

Month P value
January 8,06 0,0045
February 7,36 0,0067
March 25 <0.0001
April 21,16 <0.0001
May 27 <0.0001
June 23 <0.0001
July 32 <0.0001
August 15 <0.0001
September 17 <0.0001
October 3,24 0,0719
November 0,03 0,8618
December 0,04 0,8348

month period. This result is in agreement with our
hypothesis — that would occur a seasonal variation in
the diet of Toco Toucans along the year. We consider
unlikely that this pattern would result of citizen’s
preferences for gathering photographs of different
food items in different periods of the year. This period
coincides with the breeding season of numerous bird
species in Brazil (Sick 1997); thus, the availability of
eggs and nestlings explains partially their occurrence
in the diet mainly in the latter months of the year.

Our sample indicates that Toco Toucans feed mainly
on non-avian resources during most of the year
(January-September). As most of these records
involved the consumption of fruits, our results agree
with previous studies that reported the highly
frugivorous diet of toucans (e.g., Howe 1977, Remsen
et al. 1993). On the other hand, avian and non-avian
resources in their diet occurred in comparable
proportions between October and December. This
period coincides with the breeding season of Toco
Toucans in Brazil (Short & Horne 2001, Tubelis 2022).
Thus, avian resources bring nutritional benefits for
breeding adults and nestlings during significant
energy requirements. Sick (1997) reported that
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nestlings are greedy for meat. This result of avian
resources as frequent food items for three months is a
piece of novel information about the diet of toucans.
This occurred because our study appears to be the
first to focus on avian resources, as previous studies
examined mainly or only the consumption of vegetal
resources (e.g., Howe 1977, Ragusa-Netto 2006, 2008,
2013). As citizen scientists gather photographic
records of high quality throughout the year when
considering large scales (Tubelis 2023), our approach
is adequate to investigate aspects of the diet of
toucans. As toucans are beautiful and charismatic
birds, the obtention of large amounts of their feeding
records through community science is promising.

Community science projects can produce substantial
amounts of data that scientists can use to research
wildlife found around the world (Sullivan et al. 2009,
Chandler et al. 2017, Callaghan et al. 2018). WikiAves
and other databases harbor millions of digital
vouchers of birds found in Brazil through the
contribution of thousands of community scientists.
Although  some  recent studies have used
photographic records of WikiAves to investigate
aspects of the feeding ecology of Brazilian birds (e.g.,
Teixeira et al. 2019, Tubelis & Wachlevski 2021, Gomes
& Tubelis 2022, Costa & Tubelis 2023), the amount of
information about food items available in this
database remains substantially underused by
researchers. Our study suggests that professional
ornithologists could benefit significantly by using
records on platforms such as WikiAves to increase the
knowledge on aspects of the feeding ecology of birds.
Although most Neotropical countries do not have an
outstanding national platform, as occurs with WikiAves
for Brazil, substantial amounts of data on some
species can be obtained, for example, in eBird,
iNaturalist and Macaulay platforms (eBird 2023,
iNaturalist 2023, Macaulay Library 2023). Additionally,
creating national platforms and spreading incentives
relative to birdwatching and community science would
improve knowledge of the national avifaunas among
Neotropical countries.
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Appendix 1. Photographic records (n=42) with evidence of feeding activities of the Toco Toucan (Ramphastos toco) obtained
by citizen scientists in Brazil between 2011 and 2021, with information on the date and location of records, avian resources,
and bird species preyed by toucans. Biome: (AF) Atlantic Forest, (CE) Cerrado, (PA) Pantanal; two biomes separated by a bar
(/) indicate an ecotonal region. Food item: (A) adult/juvenile, E (egg), N (nestling). Preyed species: the signs (*) and (+)
indicate that the identification was provided by the author of the photograph and/or by us, respectively. Records were listed
according to the food item, then by the biome, and then randomly. Records were gathered in the WikiAves database by
TMAOQ in April 2022.
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