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Abstract

Concern for megafauna conservation has increased in the last decades. The Greater Rhea Rhea americana is the largest bird
species inhabiting South America. It is considered Near Threatened, mainly due to habitat loss, and hunting. Although it occurs
through an extensive geographic distribution, most detailed investigations have been conducted in Argentina. This study
was aimed at examining breeding aspects of Greater Rheas in non-protected landscapes in the Brazilian Cerrado. Records of
this species with evidence of breeding activities (nests, eggs, young) were obtained through searches for photographs in the
WikiAves database. A total of 104 breeding records were obtained by citizens. These records were concentrated in central and
western Cerrado. Most municipalities with breeding records have less than 30,000 habitants, and human population densities
lower than 10 individuals/km?2. The breeding season occurs between June and March-April. Results indicate that breeding
Greater Rheas use a range of modified habitats in non-protected landscapes, and their occurrence in the Cerrado is strongly
associated with municipalities with low human abundance.
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in numerous regions, and its geographic distribution has
collapsed in several eco-regions, mainly due to agriculture
and hunting [6,7]. Adults are hunted mainly for meat, skins
and feathers, while eggs are collected for consumption and

Introduction

Concern for megafauna has increased in recent decades,
as large-bodied animals can play important ecological roles

and ecosystem services [1]. Populations of these species
have been declining in contemporary landscapes on all
continents, and knowledge on their biology is essential
for their conservation in wild areas [2]. Among the avian
megafauna is the Greater Rhea Rhea americana, the largest
native bird species found in South America [3].

Greater Rheas occurin Argentina, Brazil, Bolivia, Uruguay
and Paraguay [4,5]. These terrestrial birds use habitats such
as wetlands, grasslands, savannas, open woodlands, and
agricultural fields [4]. Their populations have been declining
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medicinal purposes [3,4]. As a consequence, the Greater
Rhea is currently considered a Near Threatened species [8].

Greater Rheas feed on a wide variety of vertebrates,
invertebrates and plants [4], and usually occurs in groups
or families [9,10]. Polygamy is characteristic of the species,
and nests usually have 20-30 eggs [3,4]. Their common nest
predators are pumas, dogs, armadillos and racoons [4,9,10].
Greater Rheas breed between July and January, considering
its whole geographic distribution [4].
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The use of modified landscapes by Greater Rheas has
been examined by a range of studies conducted in Argentina.
For example, radio-tracked rheas used alfalfa plantations for
foraging during the post and non-breeding period [12]. In an
agricultural landscape, they preferred pastures, showed less
preference for native grasslands, and did not use crops [13].
During most of the year, Greater Rheas selected open and
short vegetation, such as grassland, crops, and firebreaks;
however, they selected dense grassland sites during the
breeding season [14]. Also in Argentina, Greater Rheas
density was substantially higher in native grasslands than in
the agro-ecosystem [15].

In Brazil, it was shown that they are expanding their
geographic range into degraded portions of the Amazon
[16]. Further, their nests can be destroyed by machinery in
agricultural fields in the Pampa eco-region [17], and they
can nest in young eucalypt plantations in the Cerrado [11].
Despite these studies, the occurrence of breeding Greater
Rheas hasnotbeen examined in detail in modified landscapes
in the Cerrado.

The objective of this study was to investigate the
spatiotemporal distribution of breeding Greater Rheas in
the Cerrado, the savanna eco-region that dominates central
Brazil. | supposed that it would be possible through the use
of records available in WikiAves (https://www.wikiaves.
com.br), the largest citizen science database regarding
Brazilian birds. Besides producing a distribution map of
records with evidence of breeding activities, | examined the
occurrence of breeding records in relation to the density and
population size of humans in different municipalities. My
first hypothesis was that records with breeding evidences
would be more common within municipalities with less
humans, as Greater Rheas tend to do not adapt to urban
areas [4,10]. My second hypothesis was that brood sizes
would be smaller in municipalities with more humans, due
to increased disturbance or predation. I also investigated
the breeding season, by examining the seasonal occurrence
of nests, eggs, and young at different developmental stages.
Results were discussed in terms of the breeding biology,
ecology and conservation of Greater Rheas in the Cerrado
and other regions.

Material and Methods

Study Area

The Cerrado is the savanna vegetation province that
covers about 2,000,000 km? in South America, mainly in
Brazil, but also in Paraguay and Bolivia [18]. It dominates
central Brazil and extends through peninsulas and isolated
patches to other vegetation provinces, such as the Atlantic
Forest and the Pantanal [19,20]. The regional climate is
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tropical, strongly seasonal and marked by two well-defined
periods. The dry season occurs between May and September,
while the wet season ranges from October to April. The
annual rainfall usually varies between 1200 and 2000 mm,
and temperatures usually range from 10°C in the winter
(June-August) to 40°C in the summer (December-February)
[21]. Landscapes often are dominated by cerrado sensu lato
- a gradient of xeromorphic savanna vegetation including
grasslands and woodlands [22,23]. This gradient is the
major matrix type of uplands, where mesophytic forests
cover less extensive areas. On the other hand, valleys are
mainly occupied by riverine forests, marshes, and floodplain
grasslands with scattered palm trees [19,23,24].

The native cover of landscapes has been dramatically
reduced and fragmented by mechanized agriculture,
pastures, exotic forest plantations, and urbanization [25-
27]. Soybean plantations are a major threat to biodiversity,
as they currently cover extensive areas, and do not allow
the persistence of native vegetation in their fields [28-
30]. In agricultural landscapes, grasslands and savanna
woodlands are nearly or totally absent, and riverine forests
are narrowed due to habitat conversion [26,27]. At several
regions, agricultural fields are adjacent to conservation units
of integral protection, as occurs with Parque Nacional das
Emas, in Goias state [30-32].

During the last decades, major agricultural fields in the
Cerrado have been cultivated on a rotational basis, having
soybean, cotton and sugar cane as major products, while
corn, wheat, beans and sunflower occur as less expressive
cultivations [33]. Further modifications in landscapes are
illegal fires started in farmlands in the dry season to renew
pastures for cattle. Additionally, fire management by park
managers is restricted to the maintenance of firebreaks
(aceiros) - strips of grasslands or woodlands that are usually
burned in the dry season almost every year [24]. The
Cerrado’s fauna and flora are adapted to the natural fire that
is usually started by lightning during rains [34-36].

Data Obtention

Records of the Greater Rhea included in this study were
obtained through searches for photographs in WikiAves
(https://www.wikiaves.com.br). This database of digital
sound records and photographs of Brazilian birds exists
since 2009, and currently receives contributions of about
44,000 citizen scientists (nonprofessional ornithologists)
that have produced more than 4,400,000 records of about
1,950 species. A search was done in September 2021, based
on the map of record distribution of the Greater Rhea. The
record compilation was done by selecting Brazilian states
that contain Cerrado’s landscapes, and then municipalities
located within this eco-region.
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Greater Rhea records were examined and those with
evidence of breeding activities in the Brazilian Cerrado were
selected. This means the inclusion of records (here called
“breeding records”) showing nests with eggs, incubating
males, and families formed by an adult and variable
number of young. When it was possible to note that two or
more photographs referred to the same nest or birds in a
given municipality, during a certain year, only one of these
replicates was selected. However, replicates were used to
know the number and size of young found in families.

Authors of the selected photographs were contacted due
to the following reasons: 1) to confirm incubation in cases
of males sitting on the ground; 2) to confirm the presence of
an adult when only young were shown in the photograph; 3)
to know the number of young or eggs being cared by a given
male, as some of them could be out of frame. Only records
accompanied by confirmation of incubation or the presence
of a male with young were included in this study.

Further, only records obtained in non-protected
landscapes were selected, as those obtained in conservation
were scarce (pers. obs.). I considered that they would not be
enough for appropriate conclusions about breeding aspects
of Greater Rheas in protected areas. Also, producing results
by combining data from both protected and non-protected
areas would not be adequate, as they would not represent

what happens in these distinct situations. These few records
(n=4) were obtained by citizens at Parque Nacional das Emas
(Chapadao do Céu municipality) and Parque Nacional da
Chapada dos Veadeiros (Alto Paraiso de Goids municipality),
and were not included in this study. I also have not included
three records obtained in Brasilia, as I noted that some
citizens report wrongly the record location - they mention
“Brasilia”, instead of the adjacent municipalities.

Birds,

Classification of Records and

Municipalities

Young shown in the photographs were classified into
three developmental categories (Figure 1): (1) “chicks”, ie.,
birds with short wings that do not cover the whole back; birds
with white, black and cream strips on the back; the height of
the young’s back by the midpoint of the adult’s metatarsus,
or shorter; young’s head at the height of the adult’s heel,
or shorter (Figures 1a,1b); (2) “medium-sized young”, ie.,
birds with wings covering all the back; young’s back by the
height of the adult’s heel; young’s head nearly reaching the
height of the adult’s belly, when standing (Figure 1c); (3)
“large young”, i.e., birds with the back near the height of the
adult’s belly, or higher, but shorter than the midpoint of its
body; young’s head reaching the height of the adult’s back,
or shorter (Figures 1d,1e).

Figure 1: Families of the Greater Rhea (Rhea americana) with young and a male, and recorded by citizen scientists in modified
landscapes in the Brazilian Cerrado. (a): a male with chicks in a soybean plantation at Chapada dos Guimaraes (photo by
Fabiano Saar); (b): a male with more developed chicks in a post-harvest area at Chapaddo do Céu (photo by Antonino Medina);
(c): a male with medium-sized young in a pasture at Silvania (photo by Ivo Zecchin); (d): a male with large young in a soybean
plantation at Maracaju (photo by Luiz Carlos Rocha); (e): a male with large young in a soybean plantation at Palmeiras de Goias
(photo by Ramon Cardoso). These photos were published here with permission by their authors.
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Young of a given family were usually classified into only
one developmental category. However, on some occasions
(eg., WA1540608, WA1582120), there were remarkable
differences among young, probably due to adoption of some
of them [37]. When this occurred, a given record was credited
to the two developmental categories involved. These records
were used for the investigation of the breeding season,
but were not included in the analysis of variation in brood
size. The timing of the breeding season was examined by
classifying the date of each record in one of three periods of
a given month - (I): days 1-10; (II): days 11-20; (1II): days
21-31. Then, the seasonal distribution of records with nest/
eggs, and young, was examined. Information on human
populations found in Cerrado’s municipalities was obtained
in Cidades-Brasil [38]. Population sizes were classified into
classes of 10,000 habitants, while human densities were
classified into classes of 5 individuals per km?

Statistical Analysis

A one-factor ANOVA, with the Bonferroni test, was used
to compare the mean numbers of young per family (brood
sizes) found in different developmental categories. These
comparisons were done by considering a family record as
a sample. Pearson linear correlations were used to examine
the relation between brood size and aspects of human
populations (population size and density), considering a
family record as a sample. Photographs associated with no
answers by authors about the family size were not included
in these comparisons. All statistical analyses were performed
with the program BioEstat 5.3 [39]. A level of significance of
5% was considered in this study.

Results

Geographic Distribution of Records

Breeding records of Greater Rheas (n = 104) in the
Brazilian Cerrado have been obtained by citizens in 66
municipalities of five states (Appendix). Most of them were
obtained in Goias (n = 32; 31%) and Mato Grosso do Sul (n
= 24; 23%), while other states had fewer records. Further,
Goias (n = 22; 33%) and Mato Grosso (n = 13; 20%) states
had the highest numbers of municipalities with breeding
records (Appendix).

As a result, eastern Cerrado was characterized by
a scarcity of breeding records (Figure 2). This region
ranged from Cerrado portions bordering the Caatinga, in
northeastern Brazil, to portions adjacent to the Atlantic
Forest, in the southeastern region of the country. On the other
hand, the highest concentration of records occurred in central
Cerrado, especially in Goias state. This region had several
municipalities with one record, and some municipalities with
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three or more records, including Chapadao do Céu, Chapadao
do Sul, Jatai and Palmeiras de Goias. Two portions of western
Cerrado also had remarkable numbers of records (Figure
2). One of them is located south of the Pantanal wetland, in
southern Mato Grosso do Sul state, where Bonito was the
municipality with more records (n = 7). The other region
lies between Amazonia and the Pantanal, in southern Mato
Grosso state, where Chapada dos Guimardes municipality
had more records (n = 3) (Appendix, Figure 2).

Figure 2: Geographic distribution of 104 breeding records
of the Greater Rhea (Rhea americana) in 66 municipalities
in the Brazilian Cerrado. Records were obtained by citizen
scientists between 2009 and 2021, and gathered in the
WikiAves database in September 2021. Municipalities
had variable numbers of records: 1 (black circles), 2 (red
circles), 3 (yellow circles), 4 (white circles), 6 (blue circles)
and 7 (pink circles).

Further, other two regions had less expressive but still
relevant amounts of records. One of them refers to northern
Cerrado, in the contact zone with Amazonia (Tocantins state),
where Lagoa da Confusdo and Caseara municipalities had
more records (4 and 3, respectively). The other region refers
to eastern Goids and western Minas Gerais, where Uruana
de Minas was the municipality with the largest number of
records (n = 7) (Figure 2, Appendix).

Relation between Breeding Records and Human
Populations

Breeding Greater Rheas have been found by citizen
scientists in municipalities with population sizes ranging
between ~ 3,000 (Uruana de Minas) and ~ 612,000 habitants
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(Cuiaba) (Appendix). These birds tended to be found in
municipalities with relatively small population sizes (Figure
3). This is because those with <10,000 habitants represented
33% (n = 22) of the municipalities with breeding records.
These values referred to 65% (n = 43) when considering
municipalities with <30,000 habitants. Among these
municipalities with relatively small human populations
were Chapadao do Céu, Caseara, Pium, Uruana de Minas and
Bonito (Appendix).
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Figure 3: Number of municipalities with breeding records
of the Greater Rhea (Rhea americana) in the Brazilian
Cerrado. Municipalities were grouped into categories of
human population size and density (ind./km,). Records
were obtained by citizen scientists between 2009 and
2021, and gathered in the WikiAves database in September
2021. Only one record per municipality was considered in
these results.

J

The evaluation of the relationship between the number
of records of breeding Greater Rheas and the density of
humans within Cerrado’s municipalities showed a pattern
comparable to that observed for population sizes. This is
because those with <5.0 ind./km? represented 36% (n = 24)
of the municipalities with breeding records. These values
referred to 67% (n = 44) when considering municipalities
with <10.0 ind./km? (Figure 3). Among these municipalities
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with relatively low human densities were Chapadéo do Céu,
Bonito, Lagoa da Confusdo, Chapada dos Guimardes and
Chapadao do Sul (Appendix).

Habitats in which Breeding Greater Rheas were
Found

Citizen scientists recorded breeding Greater Rheas in a
wide range of non-forest habitats in the Cerrado (Appendix).
Only two records occurred in native grasslands (campo sujo;
Eiten [19]), while 98% of them showed birds using modified
portions of landscapes. Numerous records (n = 35; 34%)
showed families in pastures. Twenty-three (22%) records
documented Greater Rheas on bare ground areas, including
post-harvest fields and unpaved roads. Agricultural fields
with breeding Greater Rheas were mainly soybean and corn
plantations (Appendix).

Breeding Season

Nests with eggs or incubating adults were found by
citizen scientists only in the dry season, from June to
September (Figure 4).

-

Nests with eggs or an incubating adult (n =7)

ok now e

Number of records

omn s a®md

Number of records

Figure 4: Seasonal occurrence of photographic records of
eggs (black bars), incubating males (gray bars), and young
of the Greater Rhea (Rhea americana) in non-protected
landscapes in the Brazilian Cerrado. Records were gathered
in the WikiAves database in September 2021.

Two incubating adults were found in late August, while
other two were recorded in late September. Three nests with
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eggs, not having an adult nearby, were found in late June,
late August and early September. Families with chicks (n =
42) were found from the late dry season (September) to the
mid-rainy season (December), being more often recorded in
September and October. Medium-sized young also occurred in
both seasons, being recorded between September and January:.
Their families (n = 24) were mainly detected in November and
December. Families with large young (n = 36) were recorded
in the rainy season, from mid-October to late March, with
more records in December and January (Figure 4).

Clutch and Brood Sizes

Two records obtained in Goids allowed to know the
number of eggs in nests: 17 and 37 eggs. Further, a total of
57 families had their brood sizes confirmed by the authors
of photographs (Appendix). The number of young found per
family ranged between 2 and 35 (Table 1). Differences between
mean brood sizes of young at different stages of development
were highly significant (ANOVA; F = 8.4389; P < 0.001; d.f.
= 2). The mean number of chicks found per family was not
significantly different from that of medium-sized young. Also,
the mean number of medium-sized young found per family
was not significantly different from that involving large young.
However, the mean brood size of chicks was significantly
higher than that of large young (P < 0.05). As a result, there was
atendency of reduction of brood size with young development

(Table 1, Figure 5). Brood size of Greater Rhea families was
not correlated with human population size or density. For the
three developmental categories, correlations were negative,
weak and non-significant (Table 2).

-

Figure 5: Box plots, with medians and quartiles, of the
number of young (brood size) found in Greater Rhea
families recorded by citizen scientists in the Brazilian
Cerrado. Records were gathered in the WikiAves database
in September 2021.

Brood size
Young category Number of families
Minimum Maximum Mean s.d.
Chicks 28 8 30 15 5.2
Medium-sized young 8 6 18 10.9 4.3
Large young 21 2 35 7.9 7.3

Table 1: Aspects of brood sizes in families of the Greater Rhea (Rhea americana) with an adult male and young of three
developmental stages in the Brazilian Cerrado. Brood sizes not confirmed by authors were not included in this data set. Records
were obtained by citizen scientists between 2009 and 2021, and gathered in the WikiAves database in September 2021.

Young category/variables Degrees of freedom | r value P value
Chicks

Brood size*Population size 26 -0.2623 0.1774

Brood size*Density 26 -0.0698 0.724
Medium-sized young

Brood size*Population size 6 -0.3177 0.7432

Brood size*Density 6 -0.2212 0.5986
Large Young

Brood size*Population size 19 -0.1344 0.5613

Brood size*Density 19 -0.169 0.464

Table 2: Values relative to correlations between aspects of human populations and brood sizes in Greater Rhea families found
by citizen scientists in municipalities located in the Brazilian Cerrado.
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Discussion

Distribution of Breeding Greater Rheas within
the Cerrado

Breeding records of Greater Rheas were widespread
throughout most of the Cerrado extension, and tended to be
more common in its central and western portions than in
other regions. This result might involve some factors. First, it
might reflect the adaptation of Greater Rheas to the different
resources and conditions found throughout the huge Cerrado
extension. Further, regional variation in the intensity of
citizen activities probably led to some differences in the
numbers of records in the several states. Also, Greater Rheas
have been intensively hunted for decades in northeastern
Brazil [3]. Thus, traditional hunting might have contributed to
the scarcity of records of breeding activities in northeastern
Cerrado. This region is also marked by stealing of vehicles
(pers. observ.), what might discourage birdwatching, with
consequent low record production.

Additionally, the high concentration of breeding records
of Greater Rheas in municipalities with less than 30,000
humans, and in those with human densities lower than 10
ind./km?, is in agreement with my first hypothesis. This
concentration of records in municipalities with relatively
lower human abundance might reflect a combination of high
birdwatching activities and high abundance of Greater Rheas
in these localities. As this result of my study considered only
one record per municipality, further studies are necessary
to examine how record production in a given municipality
is influenced by their abundance and birdwatching activity.

Probably, Greater Rheas will tend to become locally
extinct in Cerrado areas with high human concentrations. On
the other hand, the states of Mato Grosso, Tocantins, Mato
Grosso do Sul and Goias have human densities of 3.4, 5.0, 6.9
and 17.7 ind./km?, respectively [38,40], and had relatively
high numbers of records. Thus, numerous municipalities
within these states might harbor breeding Greater Rheas,
and additional effort by citizen scientists might lead to their
record in municipalities not involved in this study.

Although conservation units of integral protection are
essential for biodiversity conservation in the Cerrado [29,41],
the occurrence of breeding Greater Rheas in this biome could
be improved with their persistence in private properties
immersed in production landscapes. This is because most
records produced by citizen scientists occurred in non-
protected areas (see methods). It would be important that
landowners keep considerable portions of remnants of native
vegetation (mainly grasslands) within their properties. This
has been suggested by studies of radio-tracked Greater
Rheas conducted in Argentina, as they often rely on native
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grasslands when living in agroecosystems [14,15].

Habitat Use

The approach adopted in this study was not adequate to
examine quantitatively habitat use or selection by breeding
Greater Rheas. This is because I could not know with what
frequencies citizen scientists visited different habitats in
Cerrado’s landscapes. However, my results indicate that
Greater Rheas nest and take care of young in a range of
modified land. Nesting in agricultural fields had been
reported previously for the Pampa and Patagonia eco-regions
[17], while two nests had been found in young eucalypt forest
with sparse trees in southeastern Cerrado [11,42].

Opposing to native grasslands and woodlands,
agricultural fields, and active pastures do not have woody
layers [19,33,43]. Thus, bare-ground, unpaved roads, short
grasses and other herbaceous exotic plants might ease the
movement by young Greater Rheas through open areas
created by humans. This might favor the maintenance of
family cohesion during walks through these modified areas.
Besides this, the use of open areas might favor vigilance, and
lead to food acquisition.

There is a paucity of information regarding aspects of the
breeding and habitat requirements of Greater Rheas in the
Cerrado. Further knowledge will be necessary for a better
conservation of this species through this savanna province.
Studies of Greater Rheas within conservation units, and
in production landscapes, involving a range of spatial and
temporal scales, are desirable. Thus, investigations involving
tracking of individuals and/or systematic surveys might
improve the knowledge of how Greater Rheas use landscapes
during the breeding and non-breeding seasons, as has been
done in Argentina [13,14,44].

Breeding Season

Data obtained by citizen scientists showed that nesting
Greater Rheas were found from the mid- to the late dry
season in the Cerrado. Considering an incubation period of
about 37 days [4], this occurrence of eggs is in agreement
with the detection of chicks some weeks later - between
September and December. Similarly, more developed young
were recorded by citizens during later periods of the dry and
rainy seasons. These results indicate that the approach used
in this study was adequate to examine the breeding season of
Greater Rheas in the Cerrado.

Citizens have not recorded courtship or copulatory
behavior, that would represent the earliest phases of the
breeding season. However, the seasonal occurrence of nests
with eggs, incubating males, and chicks observed in this
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study suggests that copulations and courtships might occur,
atleast, from June to August in the Cerrado. Also, large young
with an adult male were recorded along most of the rainy
season, indicating the later phases of the breeding season.
With this, my study indicates that the breeding season of
Greater Rheas in the Cerrado occurs from June to March-
April, thus involving most of both the dry and the rainy
seasons.

A nesting period during the dry season could be
considered an adaptation to avoid egg loss due to natural
fire. In the Cerrado, fires start naturally mainly due
lightnings in the rainy season, from October [35]. Thus, the
period of natural burnings coincides with the post-nesting
period of Greater Rheas, giving opportunity for families to
avoid injuries or deaths caused by fire by moving throughout
landscapes.

On the other hand, fire is usually started in the dry season
by farmland owners and park managers [24]. These human-
induced fires should be seen as a threat to Greater Rheas, as
they can destroy nests and eggs during the dry season. Other
potential threat to nesting Greater Rheas in the Cerrado is
machinery. This is because agriculture is mechanized and
relies on soil management through extensive areas [33],
including the nesting period of Greater Rheas. This type of
damage to nests and clutches has already been reported
for agricultural fields in the Brazilian Pampa eco-region by
Codenotti [17]. It is not known if machineries deviate from
nests in agricultural fields in the Cerrado.

The findings of my study indicates that the breeding
season of Greater Rheas in the Cerrado is comparable to
that observed in the Pantanal. This is because young were
found mainly between September and November, while
reproductive behavior, such as courtship and copulations
were recorded in late July in this wetland [9]. In contrast,
two nests with eggs were found in October in Cerrado areas
located in southeastern Brazil [11,42]. Similarly, the nesting
season of Greater Rheas in grasslands of Argentina occurs
mainly in October and November [12,45]. Also, egg laying
occurs even later in the Pampa’s grasslands of southern
Brazil - from October to January [17]. Further studies
regarding a range of aspects of bird biology and physiology,
and seasonal variation in resources and conditions, are
necessary to understand what factors lead to this variation in
the breeding season of Greater Rheas across South America.

Clutch and Brood Sizes

It is not possible to know if eggs detected by citizens
represent complete clutches, as photographs could have
occurred during the laying period. However, the finding of
nests with 17 and 37 eggs by citizens in the Cerrado is in
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agreement with previous literature. For example, Folch [37]
reported that nests usually have between 13 and 30 eggs,
considering the whole geographic distribution in South
America. Similarly, it was found that clutches of 20-30 eggs
should be considered as usual for Greater Rheas in Argentina
and Brazil [3,45]. Also, it was observed that nests have a mean
of 15 eggs in the Pantanal wetland [9], while a nest found in
southeastern Cerrado had 17 eggs [11]. Further, nests have
11-30 eggs in temperate grasslands of southern Brazil [17].

As citizens recorded only two nests of Greater Rheas,
and eggs were not monitored, this study was not adequate to
examine hatching success as extensively done in Argentina
[4]. However, my study is the first to report on the number of
young found with an adult in Brazil. This is because previous
studies of their families conducted in the Pampas and in the
Pantanal reported the total number of young involved in the
sampling of a given period, but not the number of young
accompanying each adult [9,17]. Even if no families were
monitored, comparisons of brood sizes involving young at
distinct developmental stages indicated two major facts. As
expected, due to deaths of young along time, the mean brood
size of less developed young tended to be larger than that of
more developed ones. Also, the detection of families having
several large young indicates that some of the Greater Rheas
could breed successfully.

Brood size of Greater Rhea families was not correlated
with human population size or density, considering the
three developmental categories of young. This result is not
in agreement with my second hypothesis - that brood sizes
would be smaller in municipalities with more humans. As
most records occurred within municipalities with small
population sizes and low densities of humans, it is likely
that conditions, resources, ecological interactions, and
disturbance by humans are similar within this range of
landscapes. For example, most municipalities with records
of breeding Greater Rheas might have landscapes with
agricultural fields, pastures, remnants of native vegetation,
and relatively small urban areas, as typical in Goias state and
surroundings. This mightlead to similar resource availability,
and predation pressure on young by native animals and
domestic dogs in farms. These factors might have contributed
to the similarity in brood sizes in the landscapes where
Greater Rhea were recorded by citizens. The monitoring of
rheas since the nesting period would be necessary to better
know aspects of the breeding success of this species in the
Cerrado.

Conclusion

Previous investigations of breeding Greater Rheas in
the Cerrado reported a single nest [9,42]. No studies could
provide detailed information on their breeding aspects over
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large spatial scales. In contrast, my study dealt with >100
records obtained by citizen scientists in tens of municipalities
during more than a decade. Probably, it would be impossible
to obtain this sampling if considering the efforts by scientists
and students in the field. This study suggests that data
obtained by citizens and available in online databases can
be successfully used by professional ornithologists to study
Neotropical birds. Therefore, it reinforces recent studies that
investigated aspects of the geographic distribution [16,46]
and breeding aspects of land and aquatic birds in Brazil
through the use of citizen science data [47-50].

This study suggests that breeding Greater Rheas are
found throughout most of the Cerrado extension, mainly
in Goias, Mato Grosso do Sul, and in adjacent states. Their
occurrence in non-protected landscapes is positively
influenced by low abundance of human habitants within
municipalities. This means that their survival, and breeding,
might be possible outside governmental protected areas,
since landowners support their persistence within their
rural properties. Landowners tend to consider Greater Rheas
as charismatic and friendly birds due their large size, non-
aggressive behavior, and frequent feeding on animals such
as snakes and spiders [3]. This could be considered as an
advantage by future educational programs directed towards
landowners to encourage even more their conservation and
management in private land.
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