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Abstract 

Professional ornithologists have been using citizen science data to investigate aspects of the biology of birds around the world. 
This approach is improving the knowledge of birds in Brazil, including aspects of their feeding ecology. The Roadside Hawk 
Rupornis magnirostris is widely distributed in the Neotropical region, where it is commonly found in numerous landscapes. 
Despite this, detailed information on its trophic habit remains scarce and restrict to a few localities. The objective of this 
study was to examine the trophic habit of the Roadside Hawk in the Caatinga and Atlantic Forest through the use of citizen 
science data. Searches for photographic records with evidence of feeding activities were done in early 2021 in the WikiAves, 
the major citizen science project regarding Brazilian birds. Records of Roadside Haws with prey [n = 143] were obtained 
by citizen scientists along 11 years, and included in this study. Records obtained in the Atlantic Forest [n = 111] were more 
numerous than those obtained in the Caatinga [n = 32]. Vertebrate prey included animals of four classes: Mammalia, Aves, 
Reptilia and Amphibia. Invertebrate prey included three classes: Insecta, Arachnida and Clitellata. In both biomes, the number 
of vertebrate prey was substantially higher than that of invertebrate prey, throughout the year. In the Atlantic Forest, preyed 
birds and reptiles were significantly more numerous than mammals and amphibians, and invertebrates, in the dry period. A 
similar pattern was observed in the rainy period, but differences were not significant. In the Caatinga, prey of the classes Aves 
and Reptilia were the most frequent, followed by those of the classes Amphibia and Mammalia. Invertebrates were uncommon. 
Therefore, Roadside Hawks feed on similar prey in the Brazilian Atlantic Forest and Caatinga, with a preference for vertebrates, 
especially birds and reptiles. 
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Introduction

Data obtained by citizens around the world have been 
used in scientific research regarding wild birds [1-3]. 
This is also true for Brazil, where an increasing number of 
ornithological research based on citizen science data has 
been produced [4]. These studies involve a wide range of 
aspects of the biology of birds, such as migration [5-8], 
behavior [9-11], feeding ecology [12,13] and breeding [14-

18]. As a result, it has becoming widely recognized that the 
knowledge about the high diversity of birds found in Brazil 
[19] can be improved through the use of citizen science data 
[4,11,20].

Among this avifauna is the Family Accipitridae that 
includes 69 genera and 250 species around the world [21]. 
This family includes eagles, hawks and falcons, and occurs 
is most regions, except in Antartida [21]. These species use 
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all types of terrestrial habitats, from deserts and semiarid 
regions to savannas, forests, humid areas and arctic tundra 
[21]. Typically, species of this cosmopolitan group have 
hooked bills, strong legs and talons, and wide and rounded 
wings; body size is highly variable, and females are larger than 
males [21,22]. They usually nest in trees, on rocky structures 
or on the ground, and are monogamous with biparental care. 
Near a third of the accipitrid species have been negatively 
affect by habitat loss, hunting, and contamination with 
poisoned prey as they usually are top-chain predators [21].

Most accipitrids are carnivorous, feeding on a wide range 
of prey [21]. Several species have a generalist diet, feeding 
on both vertebrates and invertebrates; on the other hand, 
some species are specialists on particular vertebrate groups, 
such as fish, reptiles, birds and mammals. Also, specialization 
on invertebrates often involves smaller species that feed 
exclusively on snails, insects, or crustaceans. On the other 
extreme are generalists such as caracaras that consume even 
dead animals and vegetal matter [21]. 

Among the most common and widespread accipitrid 
species is the Roadside Hawk Rupornis magnirostris. It is 
found from Mexico to Argentina, and occurs throughout 
Brazil [22,23]. These raptors use a wide range of habitats, 
including several types of tropical and subtropical forests, 
savannas, wetlands, and agricultural areas and the urban 
environment with enough trees [22-25]. This species lives 
in pairs, and captures their prey by leaving a perch, and 
flying quickly towards nearby animals [22-25]. It is highly 
opportunist in relation to its trophic habit, that includes both 
invertebrates and small vertebrates [23,25].

A few studies examined the trophic habit of the Roadside 
Hawk in detail. Its diet was based mainly on insects, 
amphibians and rodents in the alluvial valley of Rio Paraná in 
Argentina [26]. Also, a study on its feeding ecology of nesting 
birds conducted in Guatemalan forests showed that major 
prey types were reptiles and amphibians, with the eventual 
consumption of insects, mammals and birds [27]. In the 
Argentine Pampa, the most frequent prey were rodents, but 
birds, amphibians and insects also were part of the diet [28]. 
In Brazil, no studies have examined in detail the trophic habit 
of Roadside Hawks. Only qualitative information is available 
in books about the national or regional avifaunas [22,24,25].

This study aimed to examine the trophic habit of the 
Roadside Hawk in two Brazilian eco-regions [the Caatinga 
and the Atlantic Forest] through the use of citizen science 
data. We considered that quantitative information on 
its diet could be obtained through the examination of 
photographic records available in databases such as that of 
WikiAves [https://www.wikiaves.com.br], the largest citizen 
science project regarding Brazilian birds. The numbers of 

photographs showing Roadside Hawks with vertebrate and 
invertebrate prey were compared. Our first hypothesis was 
that its diet would be distinct in the two eco-regions. This 
would occur due to regional variation in prey availability 
due to substantial differences between their fauna and 
environment. Our second hypothesis was that it would occur 
differences in the diet due to seasonality, as it might affect 
prey availability for Roadside Hawks. 

Material and Methods

Study Area

The Caatinga eco-region covers about 845,000 km2 
exclusively in Brazil. It occurs in nine states, corresponds to 
11% of the national territory, and is bordered by the Atlantic 
Forest, the Cerrado and the marine environment (Figure 1). 
This dry forest region harbors a high biodiversity, including 
thousands of animal and plant species, and a remarkable 
level of endemism [29,30]. Its landscapes and vegetal 
physiognomies are diversified due to climatic, historic, 
topographic, geomorphologic and anthropic factors. The 
major matrix types of landscapes are arboreal and shrubby 
xeromorphic vegetation called caatinga [31]. The regional 
climate is tropical semiarid, marked by high temperatures, 
that might reach 42°C. Mean daily temperatures usually vary 
between 26°C and 28°C, and lowest temperatures might 
reach 4°C at high elevation areas. 

Annual precipitation is about 750 mm, and rainfall is 
usually of short duration and irregular throughout the year 
[32].

The Atlantic Forest originally covered about 1.3 million 
km², corresponding to 15% of the Brazilian territory, where 
it occurs in 17 states [33,34]. Due to the colonization and 
development of the country, its extension was reduced 
to 8% of its original cover [33,35]. It is remarkable for 
its extraordinary high biodiversity that includes a high 
level of endemism [34,35]. Landscapes are dominated by 
semideciduous and coastal forests [34-36]. The regional 
climate is predominantly tropical humid, but subtropical 
climate also occurs in southern regions [37]. Mean annual 
temperatures vary considerably due to its extensive 
geographic distribution. The mean annual precipitation is 
about 1,000-1,500 mm, with drier months occurring from 
May to September [33,37].

Record Obtention

Data included in this study was obtained through searches 
for photographic records in WikiAves [http://www.wikiaves.
com.br], a citizen science project that coordinates the largest 
database regarding Brazilian birds. This database currently 
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receives the contribution of 42,000 citizen scientists, and 
harbors about 4,140,000 photographic and sound digital 
vouchers of more than 1,900 species. These searches were 
done in February 2021 through the option “Busca Avançada” 
[Advanced Search]. The name “Rupornis magnirostris” 
was typed in the “Espécie” [Species] field, and them a term 
related to the trophic habit of birds - “Alimentando-se/
Caçando” [Foraging/Hunting] and “Alimento” [Food Item] 
- was selected. For each of these terms, individual searches 
were done for all Brazilian states that encompass areas of the 
Caatinga and the Atlantic Forest eco-regions. Information on 
the eco-region regarding each municipality with records of 
feeding Roadside Hawks was obtained in IBGE - Instituto 
Brasileiro de Geografia e Estatística [https://cidades.ibge.
gov.br].

The photographic records resulting of these searches 
were examined, and only those with evidence of feeding 
activities of the Roadside Hawk were included in this study. 
This evidence referred to individuals holding potential prey 
[invertebrates or vertebrates] with the bill and/or foot. 
When we could note that two or more records referred to the 
same bird photographed in the same date and municipality, 
we selected only one of them, randomly. This procedure 
was adopted to avoid that replicates/repetitions leaded to 
an increase of a given feeding event in a certain period or 
locality. We received permissions from citizens to include 
photographs of their authorship in this manuscript.

Data Analysis

The date of each record was classified as part of rainy 
or dry periods by consulting information available in the 
Instituto Nacional de Pesquisas Espaciais [http://clima1.
cptec.inpe.br/monitoramentobrasil/pt]. At this site, we 
selected the “Clima” [Climate] option, and “Monitoramento” 
[Monitoring], to access the “Dados diários” [Daily data] 
section. Here, we selected “Precipitação” [Precipitation] and 
used the date of record available in the WikiAves database, 
for each record included in this study. Then, we examined the 
quantity of rainfall that occurred in the previous 4-5 weeks, 
and included the record in dry or rainy periods. 

Prey were initially classified as vertebrate or 
invertebrate; some could not be identified due to their size, 
structure and position. After this, each prey was classified 
according to its class, thus leading to five prey types. We 
considered that the numbers of photographs of different 
prey types could represent their proportions in the diet of 
the Roadside Hawk. Thus, for a given period and biome, we 
summed the number of photographs of each prey type, and 
examined their proportion in relation to the total number 
of photographs obtained by citizens. The Chi-square test 
was used to compare the number of records with different 
prey types by using the BioEstat 5.3 program [38]. For each 
biome, we compared record numbers for three periods: dry 
period, rainy period, and total. The comparisons involved: 1. 
vertebrates versus invertebrates, and 2. vertebrate classes - 
Mammalia, Aves, Reptilia and Amphibia – and invertebrates. 
Due to the low of records, classes of invertebrates were not 
compared. A level of significance of 5% was considered in 
this study.

Results

Record Distribution and Prey Types

A total of 143 photographic records with evidence of 
feeding activities of the Roadside Hawk were obtained by 
citizen scientists in both biomes, and included in this study. 
They showed a vertebrate or an invertebrate prey hold with 
the bill and/or feet. Of these, 111 records were produced in 
the Atlantic Forest (Table 1), and involved 14 of the 17 states 
that comprise portions of this eco-region in Brazil. These 
records occurred throughout the extension of the Atlantic 
Forest, and were more numerous in its southeastern portion 
(Figure 1). Most records [86%] had a vertebrate prey, while 
10% showed an invertebrate being consumed. About 4% of 
the records had prey that could not be identified. Thirty-two 
records were obtained in the Caatinga (Table 1). They were 
mainly produced in its eastern and central portions, and 
involved seven of the nine states that encompass portions 
of this dry forest region (Figure 1). Most records [81%] 
involved a vertebrate prey, and a minor portion [9%] had an 
invertebrate being consumed. Some prey [9%] could not be 
identified (Table 1).

Biome
Prey

Vertebrates Invertebrates Non-identified Total
Atlantic Forest 95 11 5 111

Caatinga 26 3 3 32

Table 1: Number of records with evidence of feeding activities of the Roadside Hawk, that were obtained by citizen scientists 
in the Brazilian Atlantic Forest and Caatinga between 2010 and 2021. Prey were classified as invertebrates or vertebrates, and 
some could not be identified. Records were gathered in the WikiAves database by TVG in February 2021.
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Figure 1: Geographic distribution of photographic records with evidence of feeding activities of the Roadside Hawk [Rupornis 
magnirostris] in the Caatinga and the Atlantic Forest, Brazil. Records were obtained by citizen scientists between 2010 and 
2021, and gathered in the WikiAves database in February 2021. This map was produced with QGIS Desktop 3.22.8.

 Vertebrate prey included animals of four classes: 
Mammalia [orders Rodentia and Chiroptera] was mainly 
represented by rodents. Records involving the class Aves 
had mainly Columbiformes and Passeriformes, but also 
Galliformes, Gruiformes and Strigiformes. The class Reptilia 
referred to the Order Squamata, and included mainly lizards 

but also snakes. The class Amphibia had records of the orders 
Anura and Gymnophiona in comparable abundance (Figures 
2 & 3; Appendix)]. Invertebrate prey included three classes: 
Insecta [orders Orthoptera, Mantodea and Lepidoptera], 
Arachnida [order Araneae] and Clitellata [order Haplotaxida] 
(Figure 4; Appendix). 

Figure 2: Photographic records of vertebrate [birds and mammals] prey captured by Roadside Hawks [Rupornis magnirostris], 
and gathered by citizen scientists in the Caatinga and the Atlantic Forest, Brazil: [a] a preá [Rodentia] being preyed at 
Cambuquira-MG; [b] a rodent [Rodentia] captured at Natal-RN; [c] a bat [Chiroptera] captured at Salvador-BA; [d] a domestic 
chicken [Gallus gallus] being preyed at Olinda-PE; [e] a Bananaquit [Coereba flaveola, Thraupidae] captured at Fortaleza-CE; 
[f] a Burrowing Owl [Athene cunicularia, Strigidae] being preyed at Carapicuíba-SP. Photo authors: Graziela Alves [a], Ulisses 
Nemetz [b], Argemiro Garcia [c], Rodrigo Purificação [d], Marcelo Holderbaum [e], Carla Moura [f].
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Figure 3: Photographic records of herpetofauna preyed by Roadside Hawks [Rupornis magnirostris], and produced by citizen 
scientists in the Caatinga and the Atlantic Forest, Brazil: [a] a snake [Squamata] being preyed at Petrópolis-RJ; [b] a toad 
[Anura] captured at Vila Maria-RS; [c] a snake [Squamata] being preyed at Silva Jardim-RJ; [d] a gecko [Squamata] captured at 
Natal-RN. Photo authors: Zeca Neiva [a], Cláudio Longo [b], Cesar Francischetti [c], Jorge Dantas [d].
 

Figure 4: Photographic records of invertebrate prey captured by Roadside Hawks [Rupornis magnirostris], and obtained by 
citizen scientists in the Caatinga and the Atlantic Forest, Brazil: [a] a spider [Arachnida] captured at São Marcos-RS; [b] a 
grasshopper [Orthoptera] being preyed at Cabedelo-PB; [c] a grasshopper [Orthoptera] captured at União da Vitória-PR; [d] 
a praying mantis [Mantodea] captured at Timbé do Sul-SC; [e] a caterpillar [Lepidoptera] being preyed at Piracicaba-SP; [f] 
an earthworm [Haplotaxida] captured at Carapicuíba-SP. Photo authors: André Corá [a]; Thiago Zanetti [b], Joaquim Ribas [c], 
Michelle Ramos [d], Davi P. Silva [e], Carlos Moura [f].

In the Atlantic Forest, the number of records with a 
vertebrate prey was significantly higher than that with an 
invertebrate (Figure 5), considering the dry period [χ² = 
34.306, p = 0.0001], the rainy period [χ² = 25.78, p = 0.0001], 

and the total sampling period [χ² = 59.259, p < 0.0001]. In 
the dry period, the number of records with specimens of the 
class Aves was significantly higher than those with Mammalia 
[χ² = 3.846, p = 0.0499], Amphibia [χ² = 8,909 p = 0.0028] 
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and Invertebrates [χ² = 8.909, p = 0.0028], and the number 
of records with specimens of Reptilia was significantly 
higher than those with Amphibia [χ² = 4.765, p = 0.0290] 
and invertebrates [χ² = 4.765, p = 0.00290] (Figure 6). In 
the rainy period, records with specimens of the classes Aves 

and Reptilia were dominant, while those with Mammalia, 
Amphibia and Invertebrates were less frequent. Differences 
between the numbers of records with these five taxonomic 
groups were not significant during this period.

Figure 5: Number of records with evidence of feeding activities of the Roadside Hawk, that were obtained by citizen scientists 
in the Brazilian Atlantic Forest [AF] and Caatinga [CA]. Prey were classified as invertebrates [Inver] or vertebrates [Vert], and 
record numbers were shown for dry and rainy periods, and for the total period of sampling. Records were gathered in the 
WikiAves database by TVG in February 2021.

Considering the total sampling period, the number of 
records with specimens of the classes Aves and Reptiles were 
dominant and differences between them were not significant 
(Figure 6). The number of records with specimens of the class 
Aves was significantly higher than those with Mammalia 

[χ² = 4.083, p = 0.0433], Amphibia [χ² = 9.524, p = 0.0020] 
and Invertebrates [χ² = 6.422, p = 0.0113]. The number of 
records with specimens of Reptilia was significantly higher 
than that with Amphibia [χ² = 6.081, p = 0.0137].

Figure 6: Number of records with evidence of feeding activities of the Roadside Hawk, that were obtained by citizen scientists 
in the Brazilian Atlantic Forest. Prey were grouped in five taxonomic groups, and record numbers were shown for dry and 
rainy periods, and for the total sampling period. Records were gathered in the WikiAves database by TVG in February 2021.
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In the Caatinga, the number of records with a vertebrate 
prey was significantly higher than that with an invertebrate 
(Figure 5), considering the dry period [χ² = 10.286, p = 
0.0013], the rainy period [χ² = 9.308, p = 0.0023], and the total 
sampling period [χ² = 18.241, p < 0.0001]. Prey of the classes 

Aves and Reptilia were the most frequent, followed by those 
of the classes Amphibia and Mammalia; invertebrates were 
uncommon (Figure 7). Considering the seasonal variation, it 
was not possible to make statistical comparisons for these 
taxonomic groups due to the low number of records. 

Figure 7: Number of records with evidence of feeding activities of the Roadside Hawk, that were obtained by citizen scientists 
in the Caatinga, Brazil. Prey were grouped in five taxonomic groups, and record numbers were shown for dry and rainy periods, 
and for the total sampling period. Records were gathered in the WikiAves database by TVG in February 2021.

Discussion 

Our study is the first to examine the diet of the Roadside 
Hawk over large spatial scales. This is because previous 
studies on this aspect of its biology have been conducted 
in a few localities in Argentina [26,28] and Guatemala [27]. 
Also, our study is first to provide quantitative information 
on its diet in Brazil, as previous information is qualitative, 
and available in books about regional avifaunas [22,24,25]. 
Further, the approach of using citizen science data allowed 
us to examine its trophic habit in distinct biomes [the Atlantic 
Forest and Caatinga], a type of comparison not reached 
previously elsewhere. Thus, the use of citizen science data 
can be used to obtain information on its trophic habit 
throughout more representative areas of a given biome, 
when compared with studies based on field observations by 
professional ornithologists in one or few localities. 

In both biomes, food items were primarily vertebrates, 
while invertebrates represented a minor portion of its diet. 
This pattern is in agreement with previous investigations 
of the Roadside Hawk in other Neotropical regions [26-
28], and is expected for a raptor of its size, as shown by a 
review of Accipitrids [21]. This dominance of vertebrate 
prey was observed for the whole period of study, and in both 
the dry and rainy periods, in both biomes. This means that 
Roadside Hawks search mainly for vertebrates, instead of 

less nutritious invertebrates, regardless of biome or period.

Prey were mainly of the classes Aves and Reptilia in both 
biomes. Prey of the classes Mammalia and Amphibia were 
less frequent in the diet, and slightly more numerous than 
that of invertebrates. Thus, Roadside Hawks feed on similar 
prey types in both the Atlantic Forest and the Caatinga. These 
results differ in some aspects from those of previous studies. 
This is because insects, amphibians and rodents were the 
main prey types in Argentina [26]. Also, dominant prey types 
were reptiles and amphibians in Guatemala [27]. Other study 
conducted in Argentina showed that the most frequent prey 
were rodents [28]. Thus, major differences between our and 
their results refer to the high frequency of birds and reptiles 
as prey in the Atlantic Forest and the Caatinga. As Roadside 
Hawks are opportunist predators [22,23], it is likely that 
the proportion of different prey types in its diet reflects 
the availability of distinct animals for Roadside Hawks in 
landscapes.

In the Atlantic Forest, the diet of the Roadside Hawk 
was comparable in dry and rainy periods. Major differences 
between its diet in these two periods refer to a relatively 
higher importance of [1] birds in the dry period, and [2] 
reptiles and invertebrates in the rainy period. These seasonal 
changes in the proportion of different prey types in its diet 
might reflect their availability in dry and rainy periods. As 
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our approach involved the obtention of data throughout 
huge spatial scales, it was not possible to measure prey 
availability. Further photographic records are necessary to 
examine seasonal variation in the diet of Roadside Hawks in 
the Caatinga.

WikiAves and other databases harbor millions of 
photographic records of birds found in Brazil, due the 
collaboration of thousands of citizens. Recently, some 
studies have investigated aspects of the feeding ecology of 
birds through the use of photographs gathered in Brazil and 
deposited in WikiAves [11-13,39]. This study suggests that 
professional ornithologists and students make a great use of 
records available in databases such as WikiAves to increase 
our knowledge about the feeding ecology of Brazilian birds.
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