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Abstract

Data obtained by citizen scientists have been used by researchers to study the natural history of tropical birds in several
countries. For example, this approach has been increasing the knowledge about their feeding ecology, as many photographs
show birds holding prey with their foot and/or bill. Due to this, the diet of numerous bird species can be examined with
citizen science data. The Rufous-tailed Jacamar (Galbula ruficauda) is a forest bird species widely distributed throughout the
Neotropics, and its diet was scarcely quantified in a few localities. This study aimed to investigate the diet of the Rufous-tailed
Jacamar in three Brazilian biomes: the Caatinga, the Cerrado and the Atlantic Forest. Searches for photographs with evidence
of feeding activities were done in February 2021 in the WikiAves and eBird databases, the major citizen science projects
regarding birds found in Brazil. For each selected record, the captured prey was tentatively identified to the taxonomic Order
level, and the date of obtention was classified as part of dry or rainy periods. The chi-square test was used to compare the
numbers of prey of distinct insect orders in different periods and biomes. A total of 283 feeding records were obtained by
citizen scientists in the Caatinga (12%) and surrounding portions of the Cerrado (45%) and the Atlantic Forest (43%). Captured
prey comprised seven insect orders, and 15% of them could not be identified. In the Cerrado, the most numerous prey in its
diet were those of the orders Lepidoptera and Odonata, followed by Hymenoptera and Hemiptera, in both the dry and rainy
periods. On the other hand, substantial seasonal variation was observed in the Atlantic Forest. Records with Lepidoptera were
more numerous than those with other insects in the dry period, while Hymenoptera had more records than other orders in
the rainy period. In the Caatinga, prey with more records were those of the orders Odonata, Lepidoptera and Hymenoptera.
This study suggests that photographic records available in citizen science databases, such as WikiAves and eBird, can be used
to improve our knowledge about the diet of birds found in the Neotropics.
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Introduction and populations monitored over large spatial and temporal
scales [4-6]. In Brazil, ornithological studies based on citizen

Citizen science data have been used by researchers to science data are less abundant than in Europe and North
study aspects of the biodiversity around the world [1-3]. America, but have been increasing in numbers during recent
This is also true for birds, that can have their distribution decades [7] These studies Comprise several aspects of the
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biology of birds, such as their feeding ecology [8-12]. With
this, it has becoming widely recognized that the knowledge
about the biology of birds can be improved with the
collaboration of citizen scientists in the Neotropics [7].

Among the Neotropical avifauna is the Family Galbulidae,
that belongs to the Order Galbuliformes, and comprises
five genera and 18 species [13]. Birds of this family are
called “jacamars” due to their needle-like bill [14]. These
species occur widely in most of the Neotropical region, from
Southern Mexico to Bolivia and southeastern Brazil [13].
They are small birds, with a thin and long bill, long tail and
a predominantly metallic green or blue plumage [13-15].
Jacamars are sensitive to forest fragmentation, and two
species are considered vulnerable to extinction due to their
very small geographic distributions and reduced population
sizes [13].

Jacamars are arboreal birds, usually found in forests
bordered by streams, rivers and open native or modified
vegetation [13-15]. Most species are monogamic, with bi-
parental care, and their nests are excavated into banks of
sand or clay, and termite nests [13,14]. Typically, they forage
at forest edges, by adopting the “sit-and-wait” strategy;
most species are exclusively insectivores, while others also
feed on lizards and spiders [13]. When more resistant prey
are captured, jacamars use the bill to strike them against
branches to remove wings and hard parts [14].

A total of 15 jacamar species occur in Brazil [16]. Among
them, the Rufous-tailed Jacamar Galbula ruficauda Cuvier,
1816 is widely distributed in South and Central Americas,
and in southern Mexico [17]. It is found in dense forests
adjacent to water bodies, savannas, grasslands, and second
growth vegetation [14,17,18]. This species feeds only on
flying insects, such as butterflies and dragonflies. A set of
studies quantified its diet in particular localities.

In a central Brazilian savanna, insects of the orders
Hymenoptera, Lepidoptera and Orthoptera were considered
as major food items, and no differences between the diet
of males and females were observed [19]. In the Pantanal
wetland, four collected specimens revealed the prevalence
of insects of the orders Coleoptera, Hymenoptera and
Formicidae in their stomachs [20]. In a study based on
stomachs of 23 birds captured in Venezuela, only Coleoptera
insects were found in feces during dry periods, while a
more diversified range of food items was observed in the
rainy season, including Coleoptera, Diptera, Lepidoptera,
Apidae and insect eggs [21]. Further, an observational study
conducted at Distrito Federal, central Brazil, showed that the
most frequent prey of the Rufous-tailed Jacamar were insects
of the orders Diptera and Hymenoptera [22]. Also in central
Cerrado, nestlings were feed exclusively with insects, mainly
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insects of the orders Diptera, Lepidoptera and Odonata [23].

With this, studies on the diet of the Rufous-tailed
Jacamar were based on samples obtained in a single locality
of a particular ecosystem. We supposed that photographic
records from citizen science databases could allow the
obtention of information on its diet over large spatial
scales, as occurred recently for some Brazilian bird species
[10,12]. The objective of this study was to examine the diet
of the Rufous-tailed Jacamar in portions of the Caatinga, the
Atlantic Forest and the Cerrado in Brazil. Our first hypothesis
was that the proportion of different food items in its diet
would vary seasonally. This would occur due to seasonal
variation in the environmental conditions and resource
availability in ecosystems. Our second hypothesis was that
diet components would vary according to the ecosystems
inhabited by jacamars. This would occur because resources
and conditions vary among the Caatinga, the Atlantic Forest
and the Cerrado [24-26].

Material and Methods

Study Area

Brazil has six major ecosystems: the Amazon, the
Caatinga, the Cerrado, the Atlantic Forest, the Pantanal
and the Pampa [27]. The north-eastern geopolitical region
of Brazil is dominated by the Caatinga, that is bordered
the Cerrado on its western and south portions, and by the
Atlantic Forest on its eastern portion (Figure 1).

Figure 1: Geographic distribution of municipalities with
feeding records of the Rufous-tailed Jacamar (Galbula
ruficauda) obtained by citizen scientists in the Caatinga
and surrounding portions of the Atlantic Forest and the
Cerrado, Brazil, between 2009 and 2021. Records were
gathered in the WikiAves and eBird databases by FMOC in
February 2021.
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The Caatinga is the tropical dry forest region that lies in
northeastern South America; it covers about 800,000 km?
exclusively in Brazil, corresponding to 11% of its territory
[26,28]. The Caatinga is distributed throughout portions of
nine geopolitical states, mostly in northeastern Brazil [28].
The name “caatinga” refers to the aspect of its vegetation
during dry periods - trees become whitish as they lose
their leaves to avoid excessive water loss due transpiration
[29]. The Caatinga’s climate is tropical semiarid, marked
by irregular rainfall and high temperatures; mean daily
temperatures range between 26°C and 28°C, and might
reach 42°C; the mean annual rainfall is 750 mm [29].
Typically, landscapes are covered by xeric vegetation that
includes a range of forests and shorter vegetation [29].
About 63% of the Caatinga is composed of anthropogenic
ecosystems, mostly land modified by deforestation, fire
and roads [30]. The Caatinga is marked by high diversity of
animals and plants, with remarkable numbers of endemic
species [26].

The Cerrado is a highly diverse tropical savanna
province that dominates central South America; it covers
about 1.8 million km2, corresponding to 22% of the
Brazilian territorial extension, and minor portions of
Bolivia and Paraguay [31-33]. Typically, matrix types of
landscapes are open woodland savannas, grasslands, and
semideciduous forests, while narrower gallery forests
occur along rivers [34-36]. Major landscape modifications
are due to mechanized agriculture, exotic forest plantations
and pastures, and urbanization [35,37,38]. Climate is
tropical and marked by a dry winter, and a rainy summer;
two well-defined seasons occur annually: the dry season
occurs between May and September, and the rainy season
occurs between October and April [39]. The annual rainfall
ranges between 1,200 and 2,200 mm; temperatures usually
vary between 10°C in the winter (June-August) and 40°C in
the summer (December-February) [39].

The Atlantic Forest is a highly diverse region dominated
by semideciduous and coastal forests, while mangroves,
restingas and altitudinal fields occur to a lesser extent
[27]. It originally covered about 1.3 million km? mainly
along the Brazilian coast, but also in Mato Grosso do Sul
state, Argentina and Paraguay [40]. As it occurs in regions
with high human population density and urbanization, the
Atlantic Forest has been intensively modified, and currently
only 29% of the original cover remains [27]. The tropical
climates Aw (with dry winter) and As (with dry summer)
are found in northeastern Brazil and Minas Gerais state. In
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this region, annual rainfall is about 1,300-1,900 mm, and the
annual mean temperature ranges between 22°C and 26°C,
usually having maximum values between 10 °C and 40 °C
[41].

Record Obtention

Photographic records included in this study were
obtained through searches in the two major citizen science
databases regarding Brazilian birds. Searches in WikiAves
(https://www.wikiaves.com.br/) occurred between
10 and 18 February 2021, and those in eBird (https://
ebird.org) were done between 16 and 20 February 2021.
The WikiAves search was done by the “Busca avancada”
(Advance Search) option; the name “Galbula ruficauda”
was written in the “Espécie/Taxon” (Species/Taxa) field.
Then, the term related to the diet of birds was selected:
“Alimentando-se/Cacando” (Feeding/Foraging). The eBird
search was done through the option “Explorar” (Explore).
The name “Galbula ruficauda” was typed in the “Explorar
Espécies” (Explore Species), and the number below “with
photos” was clicked on. Then, “Brazil” was typed in the
“Location” option, and “Foraging or eating” was selected
in the “More filters” option. For both WikiAves and eBird
searches, all resulting photographs were examined to select
only those with evidence of feeding activities (here called
“feeding records”). This means Rufous-tailed Jacamars
holding invertebrates with the bill.

Among the feeding records, only those obtained in the
Atlantic Forest, the Cerrado and the Caatinga of the north-
eastern (Nordeste) Geopolitical Region of Brazil were
selected and included in this study. The only exception
occurred for Minas Gerais, a state part of south-eastern
Brazil. This is because this state contains portions of these
three ecosystems, and is a region marked by numerous
records obtained by citizen scientists. This restriction to
this Brazilian region (not considering data from the whole
country) was adopted to consider the whole Caatinga and
adjacent regions of the Cerrado and the Atlantic Forest,
thus avoiding records obtained in very distant regions.

When two or more photographs with feeding jacamars
were obtained in the same municipality in a given day, only
one of them was selected, randomly. This procedure was
done to avoid repetition of a given feeding event, in a certain
period in a given ecosystem. Photographs shown in this
paper (Figure 2) were gathered in the WikiAves database,
and included in this study with permission by their authors.
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Figure 2: Feeding records of the Rufous-tailed Jacamar (Galbula ruficauda) obtained by citizen scientists in Brazil: (a) a prey of
the Order Lepidoptera in Maceid-AL; (b) a prey of the Order Odonata at Montes Claros-MG; (c) a prey of the Order Hemiptera at
Itacaré-BA; (d) a prey of the Order Hymenoptera at Varginha-MG; (e) a prey of the Order Diptera in Maceid-AL. Photo authors:
Déner V. Souza (a), Fausto Aragjo (b), Giovanni Tanajura Silva (c), Tiago Mattos (d), Miquéias de Morais (e).

Data Analysis

Prey shown in the feeding records were identified,
tentatively, to the Order taxonomic level of invertebrates.
When food items were too small to allow identification,
they were classified as “unidentified prey”. Information on
the biome(s) found in each municipality was obtained in
IBGE (https://cidades.ibge.gov.br/brasil/panorama). When
a feeding record occurred in an ecotonal municipality (e.g.,
Cerrado-Caatinga), it was considered as having occurred in
the biome with less records to increase the chances of having
enough data for the three ecosystems.

Feeding records were classified into two periods, based
on their data of obtention: (1) dry period and (2) rainy
period. The procedure for this distinction was different for
each ecosystem, as precipitation patterns are characteristic
of each one. For the Cerrado, the May-September months
were considered as part of the dry period, while the
October-April months were considered as part of the rainy
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period, following Assad (1994). For the Caatinga and the
Atlantic Forest, the classification into dry or rainy periods
was based on information available in INPE - the National
Institute for Space Research (http://climal.cptec.inpe.br/
monitoramentobrasil/pt). This information was obtained
through the “Dados Diarios” (Daily Data) option. For each
feeding record, the “precipitacdo” (precipitation) option was
selected, and the date, month and year of its obtention was
added. Then, the precipitation that occurred in and around
the municipality in the last 4-5 weeks was evaluated, and the
record was classified as part of a rainy or dry period.

We considered that the numbers of feeding records with
different prey orders would represent their proportions in
the diet of the Rufous-tailed Jacamar in different periods
and ecosystems. Therefore, for a given ecosystem, we
summed the number of feeding records of each invertebrate
order obtained in the dry and rainy periods. Then, for each
period, we compared the number of records with distinct
invertebrate prey orders by using the Chi-square test with
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the BioEstat 5.0 program [42]. A level of significance of 5%
was considered in this study.

Results

Atotal of 283 feedingrecords of the Rufous-tailed Jacamar
were obtained by citizen scientists in the Caatinga and close
portions of the Cerrado and the Atlantic Forest (Appendix).
These records were gathered in 154 municipalities of eight
states, and were widely distributed throughout the study
area (Table 1, Figure 1). They were widespread through

most of the Caatinga, while those obtained in the Cerrado
and the Atlantic Forest were gathered mainly in the southern
portion of the study area (Minas Gerais state) (Figure 1).
Feeding records were more numerous in the Cerrado (45%)
and the Atlantic Forest (43%) than in the Caatinga (12%)
(Table 1). Prey of the Rufous-tailed Jacamars were only
insects, according to the photographic records gathered by
citizen scientists. They comprised seven orders, including
Lepidoptera, Odonata, Hemiptera, Hymenoptera and Diptera
(Figure 2).

States Number of municipalities Number of records
Caatinga Cerrado Atlantic Forest Total
Alagoas 1 - - 12 12
Bahia 24 12 3 32 47
Ceara 8 8 - - 8
Maranhdo 4 - 6 - 6
Minas Gerais 101 9 117 66 192
Pernambuco 10 3 - 9 12
Piauf 1 1 -
Rio Grande do Norte 2 - 2
Sergipe - - - - -
Total 154 35 127 121 283

Table 1: Number of feeding records of the Rufous-tailed Jacamar (Galbula ruficauda) obtained by citizen scientists in the
Caatinga and surrounding portions of neighbor ecosystems, between 2010 and 2021. Brazilian states were listed in alphabetic
order. Records were obtained by FMOC in the WikiAves and eBird databases in February 2021.

In relation to the Cerrado, 82 (65%) feeding records
were obtained in the rainy period, while 45 (35%) occurred
in the dry period. During the dry period, the most numerous
prey in the diet of the Rufous-tailed Jacamar were those of the
orders Lepidoptera and Odonata, followed by Hymenoptera
and Hemiptera (Figure 3). No significant differences in the
prey numbers of these orders were observed. However, the
number of Lepidoptera prey was significantly higher than
that of Diptera (¥* = 5.333, d.f. = 1, p = 0.0209). Differences
between the number of prey of other insect orders were
not significant. During the rainy period, a similar pattern
was observed. The most numerous prey were those of the
orders Lepidoptera and Odonata, followed by Hymenoptera
and Hemiptera. No significant differences in the numbers of
prey of these orders were observed, except for Lepidoptera-
Hemiptera (y*=4.5,d.f.=1,p=0.0339). During the dry season,
feeding records also showed jacamars feeding on insects of
the orders Orthoptera and Coleoptera. Significant differences
between prey numbers were observed for the following
pairs of orders (that with more records on the left): Odonata-
Diptera (¥* = 6.76, d.f. = 1, p = 0.0093), Odonata-Orthoptera
(x* =13.762, d.f. = 1, p = 0.0002), Hymenoptera-Orthoptera
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(x? = 7.143,d.f. =1, p = 0.0075), Hymenoptera-Diptera (y* =
9.308, d.f.=1, p =0.0023), Hemiptera-Orthoptera (y*> = 5.333,
d.f. =1, p = 0.0209) and Hemiptera-Coleoptera (x> = 7.364,
d.f.=1,p=0.0067).

In relation to the Atlantic Forest, 67 feeding records
(55%) occurred in the rainy season, and 54 (45%) were
gathered in the dry season. During the dry period, the most
numerous prey in the diet of the Rufous-tailed Jacamar
were those of the order Lepidoptera (Figure 3). Significant
differences were observed between the number of these
Lepidoptera prey and those of intermediate values (that
of higher numbers on the left): Lepidoptera-Odonata (y* =
5.143, d.f. = 1, p = 0.0233), Lepidoptera-Hymenoptera (2
= 5.143, d.f. = 1, p = 0.0233), Lepidoptera-Hemiptera (y* =
6.259, d.f. = 1, p = 0.0124) and Lepidoptera-Diptera (3 =
9.00,d.f. =1, p=0.0027). Differences between the number of
prey of these four less frequent orders were not significant.
During the rainy period, the most frequent orders in the diet
were Hymenoptera, followed by Lepidoptera and Odonata
(Figure 3). No significant differences were observed between
the prey numbers of Hymenoptera-Lepidoptera, but
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differences between Hymenoptera-Odonata prey numbers
were significant (y*> = 4.172, d.f. = 1, p = 0.0411). Other
significant differences between prey numbers of different
insect orders were observed (that of higher numbers on

the left): Hymenoptera-Hemiptera (y? = 6.259,df=1,p =
0.0124), Hymenoptera-Diptera (y*> = 9, d.f. = 1, p = 0.0027).
Differences among less frequent orders were not significant.

Figure 3: Number of feeding records of the Rufous-tailed Jacamar (Galbula ruficauda) with insect prey, and obtained by citizen
scientists during dry and rainy periods in the Cerrado, the Atlantic Forest and the Caatinga, Brazil, between 2010 and 2021.
Data were gathered in the WikiAves and eBird databases in February 2021. Insect orders: (Col) Coleoptera, (Dip) Diptera,
(Hem) Hemiptera, (Hym) Hymenoptera, (Lep) Lepidoptera, (Odo) Odonata, (Ort) Orthoptera.

Regarding the Caatinga, 11 feeding records (35%)
occurred in the rainy period, and 24 (69%) were obtained
in the dry period. During the dry period, the orders with
more feeding records were Odonata, Lepidoptera and
Hymenoptera (Figure 3). No significant differences between
the numbers of prey of different orders were observed,
except for Odonata-Diptera (¥ = 4.455, d.f. =1, p = 0.0348).
During the rainy period, a similar pattern was observed, but
the predation on Coleoptera insects was recorded. No chi-
square tests could be done for this period, due to the low
number of feeding records obtained by citizens.

Costa FMO and Tubelis DP. Citizen Science for the Study of Birds in Distinct Biomes: Diet of the Rufous-Tailed
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Discussion

During 14 years, citizen scientists obtained near 300
feeding records of the Rufous-tailed Jacamar in more than
180 municipalities found in the three selected biomes. This
long spatiotemporal scale substantially differs from those
of previous studies on its diet [19-23], as their sampling
occurred in a single municipality, and lasted for a few weeks
or months. Thus, the temporal and spatial representativeness
is higher in our study than in others. Our study also is the
first to examine its diet in the Caatinga and the Atlantic
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Forest. This is because previous studies quantified its diet
only in central Cerrado, the Pantanal, and Venezuelan forests
[19-23].

Insects of the Orders Lepidoptera, Odonata and
Hymenoptera were more numerous than others in the diet of
the Rufous-tailed Jacamar, in the three studied ecosystems.
Thus, they can be considered as major food items of the
Rufous-tailed Jacamar in these regions. Their numbers in the
diet were substantially higher than those of Hemiptera and
Diptera, that can be considered as common prey. Orthoptera
and Coleoptera insects were uncommon among the captured
prey or absent in the samples. This might represent their
unsuitability as food items of the Rufous-tailed Jacamar.
However, as numerous Coleoptera specimens are small
[20,21], it is likely that this order was underestimated in our
sample based on photographs. Due to difficulties regarding
identification, it is likely that records of this order are
common among the non-identified prey in our study, that
corresponded to 15% of the feeding records.

A range of studies have examined aspects of the diet of
the Rufous-tailed Jacamar. In central Cerrado, a two-months
study based on observations revealed the predominance of
non-identified small insects, Hymenoptera and Lepidoptera
inits diet [19]. In this same region, a similar study showed the
dominance of non-identified small insects and Hymenoptera,
followed by Diptera and Lepidoptera [22]. Also in central
Cerrado, a study based on several nests showed that adults
offered to nestlings mainly non-identified small insects,
Diptera, Lepidoptera and Odonata [23]. In the Pantanal
wetland, a study based on the stomachal content of four birds
showed Coleoptera and Hymenoptera as the most abundant
food items [20]. In Venezuela, the examination of 16 fecal
samples revealed the presence of Coleoptera, Diptera,
Lepidoptera, Orthoptera and the seldomly reported insect
eggs [21]. The abundance of non-identified small insects
was relatively lower in our study than in these previous
investigations.

As a result of these studies, there is a substantial
similarity among the insect orders reported as part of the diet
of the Rufous-tailed Jacamar. However, there is considerable
variation in the dominance of distinct orders in its diet.
These differences might reflect, in part, jacamars preferences
for specific prey, and spatial variation in insect availability
according to the ecosystem where jacamars were studied.
Also, the phase of the studied birds (adult or nestlings) and
the period of the year (breeding or non-breeding seasons;
dry or rainy periods) when samples were obtained might
contribute to the observed differences among studies.
Certain variation due to the adopted method should not be
discarded, as this set of studies involved sampling through
observations in the field, analysis of stomachal contents and
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fecal samples, and photographic records (this study only).

Insect Orders present in the diet of the Rufous-tailed
Jacamar in our study are comparable to those considered as
food items of the Yellow-billed Jacamar (Galbula albirostris)
[43], the Blue-cheeked Jacamar (Galbula cyanicollis) [44],
and the Green-tailed Jacamar (Galbula galbula) [45]. More
substantially differences were observed for the Green-tailed
Jacamar that feeds predominantly on Hymenoptera [45].
Also, this is the only insect order reported as part of the
diet of the White-chinned Jacamar (Galbula tombacea) [46].
Other substantial differences in relation to the Rufous-tailed
Jacamar was the consumption of Neuroptera insects by the
Bronzy Jacamar (Galbula leucogastra) [47] and spiders by
Paradise Jacamar (Galbula dea) [48]. Further, the diets of the
Bluish-fronted Jacamar (Galbula cyanescens), the Coppered-
chested Jacamar (Galbula pastazae) and the Purplish
Jacamar (Galbula chalcothorax) are poorly known, with no
information or with records based on the examination of
only 1-2 stomachal contents [49-51]. Apparently, the Rufous-
tailed Jacamar is the most studied Galbula species. Further
(quantitative) studies are necessary to better compare the
diet of different species of this genus.

Our results showed that, in the Cerrado, no substantial
differences were observed between the proportion of
different insect orders during the dry and rainy periods.
This result is similar to those obtained in central Cerrado
by Campos [22]. On the other hand, substantial seasonal
variation in the feeding records was observed in the Atlantic
Forest. Records with Lepidoptera were more numerous than
those with otherinsectsin the dry period, while Hymenoptera
had more records than other orders in the rainy season. Thus,
seasonal variation in the importance of major prey can vary
with the ecosystem inhabited by jacamars. The availability
of different prey in distinct ecosystems might contribute
to their numbers in the diet of the Rufous-tailed Jacamar.
Further records are necessary to examine seasonal variation
in the diet of the Rufous-tailed Jacamar in the Caatinga.

Conclusion

The study of the diet of birds through the use of
photographic records available in citizen science databases
is non-invasive and does not require the collection of
specimens. Thus, this approach does not harm the welfare of
birds, and provides data that are easily and freely obtained
by researchers. Also, databases such as WikiAves provide
substantial amounts of photographic records of a high
diversity of birds [52]. Some studies on the diet of particular
species conducted in Brazil also were based on citizen
science data, such as those of the White-eared Puffbird
(Nystalus chacuru) [53], the Maguari Stork (Ciconia maguarti)
[54] and the Roadside Hawk (Rupornis magnirostris) [55].
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Further, a compilation made for the whole country examined
the predation of snakes by birds [56]. These studies and
ours indicate that photographic records available in citizen
science databases, such as WikiAves and eBird, can be used
to improve our knowledge about the diet of birds in Brazil.
We consider that the same is valid for other South American
countries.
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