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Abstract

Citizen science data is a useful tool for the study of bird migration, especially in the tropics, where more traditional sources
of biological data are scarce. In this paper, we studied the seasonal migration of the rufous-tailed attila Attila phoenicurus,
a migratory Neotropical passerine that is supposed to breed in the Brazilian Atlantic Forest. We (1) compared the relative
contribution of different sources of data (citizen science and traditional sources) to unravel the migratory patterns of the
rufous-tailed attila, and (2) tested the hypothesis that the species is an austral migrant that breeds in the Atlantic Forest and
winters in Amazonia. We used data from citizen science, literature, museum specimens, and traditional sound archives to
investigate the seasonal distribution of the species. Vouchered records were checked for identification mistakes. We found
that citizen science allowed the collection of a huge amount of data in a short period of time, providing in two decades almost
eight times the number of occurrences of the rufous-tailed attila that have been obtained during two centuries of ornithologi-
cal studies by the scientific community. Our results confirmed that the rufous-tailed attila is an austral migrant that breeds
in a comparatively narrow area in the southern portion of the Brazilian Atlantic Forest. Contrastingly, the winter grounds of
the species are spread across a vast area in Amazonia. Citizen science data is a powerful tool for the development of tropi-
cal ornithology, but its use requires the understanding of the specific virtues and limitations of each major online database.

Keywords Atlantic Forest - Attila phoenicurus - Bird migration - eBird - Neotropics - WikiAves

Introduction migration in the Neotropical region, traditional sources of

data, including the scientific literature and ornithological

Understanding the exact breeding and non-breeding range
of a bird species, including their migratory routes, is of
paramount importance for assessing conservation status
and defining conservation policies and management strate-
gies (Faaborg et al. 2010). Despite that, basic information
on the migratory patterns of most Neotropical birds is still
lacking, including data on migratory phenology, migratory
routes, and population-specific patterns of migration (Jahn
et al. 2020). Despite of recent increase in knowledge of bird
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collections, often provide an insufficient amount of data to
accurately unravel the migratory patterns of most species
(Remsen-Jr. and Parker-III 1990; Heckscher et al. 2011).
Long-term field studies and the use of high-tech tracking
devices, on the other hand, are often prohibitively costly
for the chronically underfunded research institutions in the
tropics.

A possible solution for filling this “Wallacean Shortfall”
is the use of citizen science data (Areta and Juhant 2019;
Lees et al. 2020), a tool that is growing in popularity among
ornithologists (Bela et al. 2016; Turnhout et al. 2016; Schu-
bert et al. 2019). In this paper, we investigated the migratory
pattern of a Neotropical passerine, the rufous-tailed attila
Attila phoenicurus, using data from our long-term fieldwork,
traditional sources, and citizen science. Understanding the
migration of the rufous-tailed attila also has conservation
implications, because even though it is a globally Least
Concern species, its population appears to be decreasing
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(BirdLife International 2020). Furthermore, the species is
highly sensitive to human disturbance (Parker-III et al. 1996)
and is considered as Data Deficient in Argentina (MAyDS
and AA 2017) and Paraguay (Guyra Paraguay 2005). Finally,
its assumed breeding range (the nest of the species is unde-
scribed, Crozariol 2016) is restricted to the highly threatened
Atlantic Forest (Ribeiro et al. 2009), a biodiversity hotspot
(Myers et al. 2000), thus the species is a high research pri-
ority (Parker-III et al. 1996) whose seasonal geographical
distribution still requires further research (Chesser 2005).

The genus Attila includes seven species of Neotropical
passerines restricted to humid forests (Ridgely and Tudor
2009; Walther 2020). Members of this genus are year-round
residents, with the remarkable exception of the rufous-tailed
attila (Walther 2020), which is a rare to locally fairly com-
mon species in the upper strata of tropical evergreen forests
(Ridgely and Tudor 1994; Walther 2020). The rufous-tailed
attila has long been thought to be restricted to the Atlantic
Forest and forested patches within the Cerrado savannahs
(Hellmayr 1929; Pinto 1944), until unexpected records
from the Amazonia (Friedmann 1948; Todd 1950) dramati-
cally changed our understanding of its movement ecology.
Meyer de Schauensee (1966) and Short (1975) were the first
authors to suggest that the rufous-tailed attila performs some
kind of migration. Nonetheless, the first hypothesis about
its migratory patterns was presented much later, predicting
that it breeds in the southern part of the Brazilian Atlan-
tic Forest and winters in a vast area in Amazonia (Chesser
1994; Ridgely and Tudor 1994). Although many subsequent
authors have accepted this proposition (Parker-III et al.
1996; Aleixo et al. 2011; Pinho et al. 2017; Amaya-Espinel
and Hostetler 2019), this hypothesis has never been tested
(Somenzari et al. 2018). In this paper, we investigated the
migratory patterns of the rufous-tailed attila using citizen
science and traditional data sources. For that we (1) com-
pared the relative contribution of different sources of data
and (2) tested the hypothesis that the species is an austral
migrant that breeds in the southern Atlantic Forest and win-
ters in Amazonia. Finally, we discuss on the virtues and
limitations of the two most popular citizen science projects
consulted.

Methods
Data acquisition and database assembly

We searched for records of the rufous-tailed attila in tra-
ditional sources, such as literature and ornithological col-
lections, as well as in citizen science sources. All records
gathered were arranged in a database containing data on
locality, latitude, longitude, date, habitat used, evidence of
breeding activity, and biogeographic province where each
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record was obtained (Table S1, supplementary material).
We obtained geographical coordinates and elevation from
the original sources, ornithological gazetteers (Paynter-Jr.
1989; Paynter-Jr. and Traylor-Jr. 1991; Paynter-Jr. 1995), and
the computer program Google Earth (https://earth.google.
com). Records for which no precise locality was presented,
which include all records from WikiAves (see below), were
georeferenced to the municipal seat. It is important to note
that the size of Brazilian municipalities varies greatly, with
larger municipalities, as a rule, located in Amazonia (the
area of the 152 municipalities that we georeferenced to the
municipal seat ranged from 70 to 25,778 km?, with a median
of 499 km?). All online resources were accessed in Febru-
ary 2020.

Citizen science

We checked for records in the following online databases
that provide citizen science data: WikiAves (http://www.
wikiaves.com.br), Xeno-Canto (http://www.xeno-canto.
org), Fauna Paraguay (http://www.faunaparaguay.com),
eBird (https://ebird.org), and the Internet Bird Collection
(https://www.hbw.com/ibc — soon after our consultation,
the IBC became part of the Macaulay Library, which also
harbors traditional audio records collected by professional
scientists, see below). WikiAves, despite covering only the
Brazilian territory, is gaining popularity among researchers
(e.g., Lees and Martin 2015; Schubert et al. 2019), regard-
less offering no tools for bulk data download. Therefore, we
built an automated Web Scrapper implemented in Python
for extracting the data available (see “Acknowledgements”).
WikiAves became operational in 2008 and eBird in 2002,
but only became global in 2010, gaining popularity in Brazil
during the last 5 years or so.

Literature review

We performed a wide literature review using the search
engine Google Scholar (https://scholar.google.com) and the
advanced search tool of the Biodiversity Heritage Library
(https://www.biodiversitylibrary.org). The current scientific
names of the species, as well as its junior synonym Pseuda-
tilla phoenicurus, were used as keywords.

Ornithological collections

LEL personally examined museum specimens in the fol-
lowing Brazilian and overseas collections, checking speci-
mens identification, and recording the data from specimens
labels: American Museum of Natural History, New York
(AMNH); Carnegie Museum of Natural History, Pitts-
burgh (CM); Universidade Federal de Minas Gerais, Belo
Horizonte (DZUFMG); Field Museum of Natural History,
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Chicago (FMNH); Louisiana State University Museum of
Natural Science, Baton Rouge (LSUMZ); Museu Nacional,
Rio de Janeiro (MNRIJ); Museu Paraense Emilio Goeldi,
Belém (MPEG); Museu de Zoologia da Universidade de
Sao Paulo, Sao Paulo (MZUSP); Natural History Museum,
Tring (NHM; formerly BMNH); Naturhistoriska Riksmu-
seet, Stockholm (NRM); Senckenberg Naturmuseum, Frank-
furt (SMF); National Museum of Natural History, Wash-
ington, DC (USNM); and Museum fiir Naturkunde, Berlin
(ZMB). Curators of the following institutions kindly pro-
vided us with a list of specimens housed in the collections
under their care: Museo Argentino de Ciencias Naturales
Bernardino Rivadavia, Buenos Aires (MACN); Museu de
Ciéncias Naturais da Pontificia Universidade Catdlica de
Minas Gerais, Belo Horizonte (MCNA); Museu de Ciéncias
Naturais da Fundacdo Zoobotanica do Rio Grande do Sul,
Porto Alegre (MCN/FZBRS); Museu de Ciéncias e Tecno-
logia da Pontificia Universidade Catodlica do Rio Grande do
Sul, Porto Alegre (MCP); Museu de Histéria Natural Capao
do Imbuia, Curitiba (MHNCI); Museo de La Plata, Buenos
Aires (MLP); Naturhistorisches Museum, Vienna (NMW);
and Zoologisches Forschungsinstitut und Museum Alexan-
der Koenig, Bonn (ZFMK). We also checked for additional
specimens in the online databases of all ornithological col-
lections that contributed data to VertNet (http://vertnet.org)
and Species Link (http://splink.cria.org.br).

Traditional sound archives

We checked for song recordings in the online databases of
the Macaulay Library, Ithaca (http://macaulaylibrary.org)
and the Fonoteca Neotropical Jacques Vielliard, Campi-
nas (http://proj.lis.ic.unicamp.br/fnjv). The curator of the
Arquivo Sonoro Prof. Elias Coelho, Rio de Janeiro (ASEC)
sends to us a list of the recordings housed in that institution,
after checking them. Macaulay Library is accepting con-
tributions from citizen scientists since 2016 and, therefore,
we only considered as obtained from a “traditional” source
those records deposited in the Macaulay Library before its
integration with eBird. All subsequent records were consid-
ered as citizen science data.

Database cleaning

The rufous-tailed attila is superficially similar in voice and
morphology to the gray-hooded attila Attila rufus and is
hardly separable from the female crested becard Pachyram-
phus validus (Hayes et al. 1994; Ridgely and Tudor 2009;
Garcia et al. 2016). These two resident species are occasion-
ally misidentified as the rufous-tailed attila by inexperienced
observers (pers. obs.). To remove erroneous records from the
database, what can bias phenological estimates of hard-to-
identify species (Gorleri and Areta 2022), LEL personally

checked the identification of all digital vouchered records
(i.e., photographs or song recordings) in the citizen science
data sources consulted. Wagner Nogueira, who has worked
as a moderator of WikiAves during the last 10 years, was
kind enough to independently check at our request all digi-
tally vouchered records of the rufous-tailed attila. WikiAves,
Xeno-Canto, IBC, and Fauna Paraguay rely exclusively on
digital vouchers that can be independently checked. Even
though eBird also accepts the deposition of digital vouch-
ers, this possibility is infrequently used, and most of eBird
records cannot be objectively validated.

Fieldwork

FS conducted fieldwork in the Niicleo Curucutu of the Serra
do Mar State Park (~23°56'S; 46°39’ W), state of Sdo Paulo,
southeastern Brazil, which encompasses 36,134 ha. This
park is in the Atlantic Forest domain and harbors a mosaic
of vegetation types including high altitude grasslands, and
high montane to lowland forests (Garcia and Pirani 2003;
Pessenda et al. 2009). The local climate is humid subtropical
with high rainfall throughout the year (Alvares et al. 2013).
Annual precipitation ranged between 3497 and 4435 mm
from 2008 to 2011 (Malagoli 2013).

FS conducted a four consecutive years field study in the
Nicleo Curucutu from May 2007 to June 2011. He sampled
10 areas of the park, encompassing an elevational gradi-
ent ranging from 15 to 880 m a.s.l. Each area was sampled
four times per year (one campaign of 3 days in each sea-
son), with the simultaneous use of three different survey
methods: point counts (226 h of census), mist net captures
(~3 million h.m?), and visual observations. Given that the
number of areas sampled varied across years, and that, for
logistic constraints (e.g., heavy rains), it was not possible to
sample all areas during all years, the final sampling effort
was of 306 field days. From 2012 to 2018, the uppermost
area of the park continued to be sampled for seven summer
campaigns, one 5—6 days campaign per year, using the same
methods used in the standardized sampling, totaling 39 field
days. Additionally, during this period, opportunistic, non-
standardized observations were conducted at different areas
and habitats of the park during several short visits, totaling
25 field days (details in Schunck et al. 2019).

Data analysis

A preliminary analysis of the database obtained revealed
that some records from different sources were duplicates
(e.g., the same song record was deposited in Xeno-Canto
as well as in WikiAves, or a museum specimen was cited
multiple times in the literature). In a similar way, a same bird
was frequently photographed and/or recorded by multiple
birders travelling together, as revealed by their comments in
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WikiAves and eBird. We, therefore, considered all records
from the same locality and day as a single “occurrence” to
reduce bias in the analysis.

For data analysis, we first examined the decadal variation
in the number of occurrences of the species obtained during
the last two centuries, evaluating how different sources of
data (e.g., literature and museum specimens) provided differ-
ent amounts of data through time. For that, we constructed a
bar chart plotting the number of occurrences of the species
for each decade and another one plotting the total number of
records of the species for each type of data source. Second,
we evaluated how the species is distributed through time in
the distinct biogeographic provinces where it occurs. For
that, we constructed a stacked bar chart plotting the number
of occurrences of the species, classified accordingly to the
biogeographic province where it was recorded, for each half
month. Third, we evaluated how the latitudinal distribution
of the species varies through time. For that, we constructed a
scatterplot plotting latitude of each occurrence against ordi-
nal dates, i.e., day of the year ranging from 1 (01 January)
to 365 (31 December; 366 on leap years). Fourth, to confirm
the migratory behavior of the species, we evaluated its sea-
sonal and altitudinal occurrence in the Nicleo Curucutu by
constructing a scatterplot plotting elevation against ordinal
date of each occurrence.

For better visualization of the seasonal migratory pattern
of the rufous-tailed attila, we mapped its occurrences dur-
ing each month and then made two short movies using the
12 maps obtained as frames. In the first movie, we plotted
all occurrences from all sources consulted in a vegetation
map of South America (i.e., presence only maps with no
control for temporal or spatial sampling bias). In the second
movie, we only used data from the two major citizen science
data sources consulted, what allowed us to better control for
sampling bias (the entire databases of eBird and WikiAves
together provided ~20 million records for South America at
the time of consultancy). We used a grid of square cells (1°
latitude X 1° longitude) to calculate, for each month of the
year, the proportion of records available for that grid cell
that corresponded to the rufous-tailed attila (i.e., number
of records of the studied species in a given grid cell / total
number of records of all bird species in that same cell). A
color scale was then used to indicate how frequent were
records of the rufous-tailed attila found in each cell in rela-
tion to the records of all other species. For this analysis, we
used the packages “raster” and “rgdal” in R version 3.6.2 (R
Core Team 2019).

After observing that the number of records of the rufous-
tailed attila for the Atlantic Forest during the wintering
period (April-September) of the species seemed to vary con-
siderably between vouchered and unvouchered databases,
we constructed a stacked bar chart plotting the number of
unlikely occurrences of the species (i.e., occurrences in the
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assumed breeding range during the wintering season), clas-
sified accordingly to the source of data, for each month.

Results

We gathered 3367 dated records of the rufous-tailed attila,
but with a high number of redundant records (e.g., same bird
photographed by multiple birders) that, if excluded, resulted
in 2344 occurrences. Even though the first specimen of the
rufous-tailed attila was collected in 1818 (specimen NMW
17176), the species was only described in 1868, therefore
half a century later. Except for a single specimen collected
in 1882 (AMNH 33002), the species remained unrecorded
for about a century after it has been first collected. Since the
1920s, records of the species have been obtained in every
decade until the number of records exponentially increased
during the twenty-first century (Fig. 1). This sudden increase
was mainly due to the explosion in popularity of birdwatch-
ing in the Neotropics in the second decade of the twenty-first
century, largely fueled by eBird and, in Brazil, WikiAves.
These two citizen science data sources alone contributed,
during the last decade (2011-2020), with 1823 occurrences,
with almost eight times the number of occurrences of the
rufous-tailed attila that have been obtained during two cen-
turies of ornithological studies by the scientific community
(Fig. 2).

The rufous-tailed attila exhibits marked seasonal varia-
tion in its geographical distribution (Fig. 3). Occurrences of
the species in the Atlantic Forest, where it is now confirmed
to breed (e.g., EBIRD:OBS579889077, WA 2946229), are
comparatively abundant and concentrated from the second
half of October to the first half of March (Figs. 3 and 4), but
some few isolated occurrences are available for all other
months of the year (see Videos S1 and S2, supplementary
material). The breeding range of the species is restricted to
the southern portion of the Brazilian Atlantic Forest, espe-
cially along the Serra do Mar Coastal Forests and, to a lesser
extent, the Araucaria Moist Forests (sensu Olson et al. 2001)
(Fig. 5). Its elevational range spans from sea level to almost
2000 m a.s.l. The seasonal occurrence of the species in the
Atlantic Forest is corroborated by our long-term fieldwork.
We recorded the species throughout the entire elevational
range of the Nicleo Curucutu from November to March,
obtaining no record from April to October, even after 11
years of fieldwork (Fig. 6).

The 21 occurrences of the species for the South American
Dry Diagonal, which is formed by the Caatinga, Atlantic
Dry Forests, Cerrado, Pantanal, Chiquitano Dry Forests, and
Dry Chaco biogeographic provinces, are from mid-March to
early November.

Occurrences for Amazonia are few (only 61 dated
occurrences) and scattered from the last week of March
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Fig. 1 Decadal distribution of
the number of occurrences of
the rufous-tailed attila Attila
phoenicurus during the last
two centuries, indicating the
different sources of records.
The cumulative number of
occurrences is depicted in
linear scale (right y axis) for

a better visualization of the
exponential increase in the
number of records during the
last two decades. Note that the
total number of occurrences is
slightly smaller than the sum
of the number of occurrences
from different sources. This

is because a same record has
frequently been made avail-
able in different sources (e.g., a
museum specimen cited in the
literature)

1000 3

100 -

Decadal number of occurrences

Fig.2 Number of dated
occurrences of the rufous-
tailed attila Attila phoenicurus
obtained from different sources.
Macaulay Library refers exclu-
sively to the records available
before its partnering with eBird
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to the first week of November (Figs. 3 and 4). Due to the
small number of occurrences in Amazonia, it is not possi-
ble to determine if the species winters in the whole of cen-
tral Amazonia, in a small portion of it, or if it performs any
predictable regular movement within it (Fig. 5). All occur-
rences obtained in Amazonia are from evergreen forests,
and those few occurrences for which the author explicitly
specified the type of habitat used included non-flooded
(terra firme, Novaes 1976; Bates et al. 1992; Aleixo et al.
2011) and seasonally flooded habitats (vdrzea and igapd,

1/

()
I/G

[S)
S,

Data source

Whittaker 2009; Lees et al. 2013), but usually close to
riverine habitats.

At a country level, the five dated occurrences of the spe-
cies for Bolivia were obtained from mid-March to the end of
August, while the nine dated occurrences for Paraguay are
scattered from mid-March to the end of October, with the
only exception of a purported sight record for 15th January
(maybe an identification mistake). The 14 dated occurrences
for Argentina are from February (5 records), March (2), May
(1), July (1), October (4), and November (1), almost all of
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Fig.4 Annual variation in the latitudinal distribution of the rufous-
tailed attila Attila phoenicurus in South America. Day of year ranging
from 1 (1st January) to 365 (31st December; 366 in leap years). “Dry
Diagonal” includes records obtained in the Cerrado, Pantanal, Chig-
uitano Dry Forests, and Chaco. A All sources of data combined; B
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Fig.5 Breeding (Atlantic
Forest, November to Febru-
ary) and wintering (Amazonia,
April to September) ranges of
the rufous-tailed attila Attila
phoenicurus in South America,
as delimited by the dashed
lines (derived from Kernel
density estimation, using a
95% isopleth and bandwidth
estimated with the Plug in the
Equation method, Signer and
Balkenhol 2015). The scarce
records obtained in the breeding
range during the winter period
and vice versa are not shown
(compare with Video S1 and
Fig. 4). Records obtained in the
Atlantic Forest region outside
the dashed line (including all
records for Argentina and Para-
guay) probably refer to vagrant
or transient birds (see text for
details). Vegetation map after
Olson et al. (2001)

Fig.6 Seasonal occurrence of
the rufous-tailed attila Attila
phoenicurus in the Nicleo
Curucutu, Serra do Mar State
Park, eastern Sdo Paulo,
southeastern Brazil. Day of year
ranging from 1 (1st January)

to 365 (31st December; 366

on leap years). “Systematic
records” are those obtained
during the standardized
censuses (2007-2011), while
“non-systematic records” are
those obtained opportunistically
during fieldwork with other
purposes (2012-2018). Days
when we conducted fieldwork,
which occurred along 11 years
and from 15 to 880 m a.s.l., are
summarized by the black bar

in the upper part of the figure.
We obtained no record of the
species from 11th March to 17th
October
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them for the Department of Misiones, where the species
occurs in the Upper Parana Atlantic Forest possibly as a
transient bird. Therefore, we found no evidence of a breed-
ing population in any country other than Brazil, but readers
must remember that WikiAves only covers the Brazilian ter-
ritory and, consequently, data from other South American
countries are scarcer.

In brief, the rufous-tailed attila breeds in the subtropi-
cal portion of the Atlantic Forest from the second half of
October to the first half of March. Post-breeding migration
through the Dry Diagonal takes part mostly from the second
half of March to early April. The species then winters in
Amazonia from April to late September, with the pre-breed-
ing migration taking part mostly in October. This is only a
general pattern because considerable variation (individual
and/or geographic) in migration schedule seems to occur.

When checking records housed in the vouchered citizen
science data sources, we found 58 erroneous records in
WikiAves (which corresponds to 5.0% of the records avail-
able in this website), 4 in the Macaulay Library (1.2%), and
1 in the Internet Bird Collection (11.1%). As we predicted,
the most misidentified species were the crested becard (37
records, predominantly of females, but also of males) and
the gray-hooded attila (eight records). Other misidentified
species were the chestnut-crowned becard Pachyramphus
castaneus (7 records), ruby-crowned tanager Tachyphonus
coronatus (3 records of females), and one record each of
the buff-fronted foliage-gleaner Philydor rufum, the buft-
browed foliage-gleaner Syndactyla rufosuperciliata, the cliff
flycatcher Hirundinea ferruginea, Swainson’s flycatcher

Fig.7 Number of occurrences 30
available for the Atlantic Forest
in the period between May and
September, when rufous-tailed
attilas Attila phoenicurus are
expected to be in their wintering
grounds. These occurrences are
unlikely and even though some
of them may represent good
records, we interpreted them

as evidence of error, such as
misdating or misidentification.
All WikiAves records included
here have been checked, with
identification mistakes excluded
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Myiarchus swainsoni (calls), and the golden-chevroned
tanager Tangara ornata. Three additional records were from
other species that we could not identify with certainty.

After eliminating all these erroneous records, 93 unlikely
occurrences remained, 75 of them from eBird, 4 from Wiki-
Aves, and 14 from other sources (Fig. 7). A comparison
of the proportion of unlikely occurrences between the two
major citizen science data sources suggests that identifica-
tion mistakes are more frequent in eBird than WikiAves.
Despite that, the migratory patterns of the rufous-tailed attila
revealed by the two online databases are much the same,
only slightly blurred in the unvouchered database when com-
pared to the vouchered database.

Discussion

Our study confirmed the well-stablished idea that citizen
science projects are powerful tools to collect huge amounts
of data in a short period of time (Walker and Taylor 2017,
Schubert et al. 2019), helping to elucidate the migration pat-
terns of tropical birds (Lees and Martin 2015; Lees 2016;
Somenzari et al. 2018). The huge database from multiple
sources gathered here strongly supported the hypothesis that
the rufous-tailed attila is an austral migrant that stays for
about 5 or 6 months in the Atlantic Forest, where they breed,
and then migrate to Amazonia through the South Ameri-
can Dry Diagonal. Birds stay in Amazonia for about 5 or 6
months and then return to the Atlantic Forest through the
Dry Diagonal.

meBird OWikiAves
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Despite the obvious migration pattern summarized above,
we found scarce records of the rufous-tailed attila for the
Atlantic Forest during the wintering period (< 1% of the
records available for the Atlantic Forest). We suspect that
these records, which are scattered across the entire breed-
ing range of the species, probably refer to birds that failed
to migrate (e.g., birds in poor body condition), identification
mistakes, or incorrect dating (see below). However, the pos-
sibility that the species or some of its populations exhibit
partial migration (Sekercioglu 2010; Hegemann et al. 2015)
cannot be completely ruled out with the data at hand.

Several bird species that breed in the southern part of
South America winter in the northern part of the continent
(Joseph 1997), such as some populations of the rufous-
thighed kite Harpagus diodon (Lees and Martin 2015; Areta
and Juhant 2019), the semi-collared nighthawk Lurocalis
semitorquatus nattereri (Somenzari et al. 2018), the fork-
tailed flycatcher Tyrannus s. savana (Jahn et al. 2013), and
the chivi vireo Vireo chivi diversus (Capllonch and Wagner
2009; Somenzari et al. 2018). Nevertheless, to the best of
our knowledge, no austral or intra-tropical long-distance
migratory bird species has its breeding range completely
restricted to such a small area of the Atlantic Forest, as
described here for the rufous-tailed attila.

Species “restricted to a region during part of their lives”
are considered semi-endemic and should receive special
attention in conservation strategy and prioritization (Gémez
and Garza 1996). The rufous-tailed attila is noteworthy in
this aspect because its narrow breeding range within the
subtropical Atlantic Forest strongly contrasts with its wide
wintering range in Amazonia, where it is known to winter
in Brazil, Venezuela, and possibly Bolivia. Fortunately, the
breeding range of the rufous-tailed attila is mostly restricted
to the best-preserved sub-region of the Atlantic Forest
(Ribeiro et al. 2009), while its wintering range is centered
in the mostly undisturbed central part of Amazonia (Tran-
coso et al. 2010).

The identification of the exact limits of the wintering
range of the species is hampered by the low number of
occurrences in Amazonia (only 3% of the occurrences were
obtained outside the Atlantic Forest). This probably occurs
because the number of ornithologists and citizen scientists
collecting data in this region is much lower than in the
Atlantic Forest in addition that the species is mostly silent
when out of its breeding range, being easily overlooked
(Restall et al. 2006; Ridgely and Tudor 2009). Therefore, it
is difficult to refer the few scattered occurrences outside of
the Atlantic Forest to transient birds or to wintering birds,
and only studies using other techniques may help solve this
issue. For example, studies using geolocator technology
found evidence that the veery Catharus fuscescens (Heck-
scher et al. 2011), a Neartic-Neotropical migrant, and the
fork-tailed flycatcher (Jahn et al. 2013), a South American

Temperate-Tropical migrant, winter in a wide region in
Amazonia. Veery’s movement may be prompted by ecologi-
cal factors associated with the seasonal flood pulse of the
Amazonian rivers (Heckscher et al. 2011).

Despite the obvious advantages of the use citizen sci-
ence data in studies like this, some words regarding the vir-
tues and limitations of the two most popular citizen science
projects consulted are worth mentioning. We recognize the
great job done by eBird and WikiAves and do not want to
dismiss their value, but rather, our intention is to present
some thoughts and suggestions for improvements. Among
the citizen science data sources consulted, eBird is by far
the best-known project, providing many facilities for its
users, including options for bulk data download, specifically
designed R packages, and other analytical tools (Sullivan
et al. 2014; Walker and Taylor 2017). On the other hand,
a problem we faced when using eBird data was to decide
on the acceptance of a given unlikely occurrence of the
rufous-tailed attila in the absence of documentation (Wiki-
Aves, in contrast, is entirely based on vouchered records).
Even though eBird allows observers to share their photos
and sound records through the Macaulay Library, providing
permanent and easily accessible vouchers, this facility has
been poorly explored by most eBird users. For example, at
the time of consultancy, eBird hosted only 48 photographs
of the rufous-tailed attila. Therefore, we highly recommend
eBird users to document their records, especially those of
rare, poorly known, and/or hard to identify species, upload-
ing them to the Macaulay Library.

WikiAves, in contrast to eBird, has seldom been used
in more analytical studies (but see Schubert et al. 2019;
DeGroote et al. 2021; Gorleri and Areta 2022). An obvi-
ous disadvantage of WikiAves in comparison to eBird
is that it is presence-only data (even though the number
of records of all species for a region can be used as a
proxy for sampling effort). Nevertheless, the main reason
for WikiAves being so infrequently used is that it lacks
tools for bulk data download, and, therefore, data mining
requires individual access to each record or requires access
to the dataset through the site administrator. Although
Schubert et al. (2019) have developed a semi-automated
data-mining routine for downloading WikiAves data, we
urge its curators to implement tools that expand WikiAves
search capabilities and enable open methods for accessing
its database (downloading the required data as a .csv file,
for example). Another possibility for WikiAves is to share
the metadata of its records with another institution that
already provides tools that facilitate data access, such as
Xeno-Canto did in 2018 after partnering with the Global
Biodiversity Information Facility (https://www.gbif.org),
what enabled the download of the data requested in an
analyzable format. Another important improvement would
be the incorporation of exact geographical coordinates to
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each record as a routine, even if not mandatory. Despite
these limitations, the WikiAves’ huge database (~3.8 mil-
lion vouchered records by October 2021) is an almost end-
less source of information and insights for further studies.
WikiAves has revolutionized the Brazilian ornithology
during the last decade by providing a huge amount of data
about bird distribution and natural history, also helping
to popularize birdwatching among thousands of people.

Finally, we found evidence that unvouchered citizen sci-
ence data are more prone to identification mistakes than
vouchered data. The role of identification mistakes as a
source of noise in citizen science data has received con-
siderable attention (Gorleri and Areta 2022), but to what
extent the use of vouchered records can reduce such noise
still needs to be investigated. Digital vouchers can help
regional as well as anyone interested, who can instantly
peer-review the record, thus improving the collective vali-
dation of the database (Turnhout et al. 2016). For example,
during this study, we have written to authors of all records
that we thought to represent identification mistakes, and,
after just some few days, most of them have been cor-
rected. Therefore, a thorough investigation of the role of
digital vouchers in improving the reliability of citizen sci-
ence data is much desirable.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s43388-022-00087-0.
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