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Abstract

Purple Martins (Progne subis) are Neotropical migratory birds that breed across North America and spend their nonbreed-
ing season in South America, primarily Brazil. They have been in a long-term population decline over the last five decades.
There are several suggested causes for the decline, but to begin understanding the conservation needs of this species, it is
necessary first to fill existing knowledge gaps about migration timing, distribution, and habitat use in Brazil. The presence
of this species across most of Brazil makes it difficult to keep track of seasonal or long-term changes in its distribution
without careful, widespread data collection. Citizen science offers an emerging opportunity to address knowledge gaps of
roost distribution and phenology. Here, we compiled Purple Martin records from citizen science platforms, scientific col-
lections, and bibliography to produce an overview of the distribution and phenology of the species in Brazil. It is present
in most Brazilian states, but records are concentrated in the Amazon region. Previously known large roosts in southeast
Brazil, especially in the state of Sdo Paulo, have decreased in number of individuals over the last decade. Most records are
from September to April, although phenology varies with latitude. In the equatorial region (5°N-5°S), which is crossed by
all populations that come to Brazil, the number of reports shows strong temporal variation, probably related to the timing
of migration in different populations.
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Introduction

Purple Martins (Progne subis) are Neotropical migratory
birds that breed across North America from January to
August (Brown 1997; AOU 1998) and spend their nonbreed-
ing season in South America, primarily Brazil (Sick 1997
04 Clarissa O. Santos Hill 2004; Fraser et al. 2017). As with other insectivorous
clarissaoliveira2204@gmail.com migratory birds, Purple Martins have been in a long-term
Instituto Butantan, Museu Bioldgico, Sdo Paulo, SP, Brazil population decline, 37% over the last five decades, although
> Departamento de Ecologia, Universidade de S&o Paulo trends differ regionally (Nebel et al. 2010; Michel et al.
Sio Paulo, SP, Brazil ’ ’ 2015; Sauer et al. 2017). Suggested causes for these declines
include destruction of important stopover and wintering
habitats (Rogers et al. 2010; Imlay et al. 2018; Kardynal
et al. 2020), detrimental health effects of pesticide and heavy
metal contamination (Bernhoft 2012; Nocera et al. 2012),
and persecution by local human populations (Hill 2004).
However, to begin understanding the conservation chal-
lenges faced by Purple Martins during the nonbreeding sea-
son, it is necessary first to fill existing knowledge gaps about
migration timing, distribution, and habitat use in Brazil.
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One challenge to identifying phenological patterns of dis-
tribution for Purple Martins is the presence of at least four
other morphologically similar species in the genus Progne
that co-occur in Brazil (Pacheco et al. 2021): Southern Mar-
tin (P. elegans), Gray-breasted Martin (P. chalybea), Carib-
bean Martin (P. dominicensis), and Cuban Martin (P. crypto-
leuca). These species are not easily distinguishable in some
plumages (Zimmer 70; Eisenmann 1959). Southern Martins
breed in Argentina during austral spring and summer and
winter in Brazil between April and September. Although
their migration directions and seasonality are the opposite
of those of Purple Martins, there are considerable periods
of overlap between the two species in Brazil in April and
May and between July and September (Eisenmann 1959).
Gray-breasted Martins are present in Brazil year-round (Sick
1997; Billerman et al. 2020), although they vary in num-
bers regionally, probably due to poorly documented migra-
tory movements (M. Cohn-Haft, pers. obs.). Caribbean and
Cuban Martins have recently been found wintering in Brazil
thanks to tracking studies (Perlut et al. 2017; Garcia-Lau
et al. 2021) and may coincide almost completely with Purple
Martins.

On Purple Martin breeding grounds, the pre-migratory
period is marked by the formation of flocks of up to hun-
dreds of thousands of individuals that gather in specific
locations used as overnight roosts. While this phenomenon
has been studied primarily in North America (Brown 1997;
Bridge et al. 2016), the same behavior has been observed
during migration and the nonbreeding season in Brazil (Hill
1988, 1993). Purple Martins occur in most Brazilian states
with large flocks reported from October to April. However,
individuals may be observed as early as July (M. Cohn-
Haft, pers. obs.; Somenzari et al. 2018). Roosts have been
described from different habitat types, but most roost records
are associated with forests (Fraser et al. 2012), particularly
seasonally flooded islands or peninsulas. Large flocks of
swallows (Hirundinidae), including Purple Martins, have
also been reported in cities (Hill 1988; Willis and Oniki
2002; Hill 2004).

The presence of these birds in urban areas can elicit con-
flict with human residents. Newspaper articles report that
people frequently associate these flocks with property dam-
age, noise pollution, and fear of disease. Reportedly, efforts
have been made to deter and relocate roosting birds away
from urban environments. Large known roosts, especially
in the state of Sdo Paulo, seem to have shrunk, but it is hard
to identify the method or quantify the impact of deterrent
strategies on individual survival or population persistence
(Sick 1997; Hill 2004).

Community (or “citizen”) science offers an emerging
opportunity to address the knowledge gaps of roost distri-
bution and phenology. Birding has increased in Brazil in the
last decade, due to widespread use of data collection devices
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(e.g., smartphones), and citizen science is also becoming
increasingly popular (DeGroote et al. 2020). Online col-
laborative platforms provide a place where users can share
and discuss their sightings. There are two main citizen sci-
ence platforms used by Brazilian bird watchers: eBird, an
online repository for birdwatching records developed by
the Cornell Lab of Ornithology (Sullivan et al. 2009), and
WikiAves, a Brazilian dataset of georeferenced avian pho-
tographs and sound recordings containing more than three
million records of 1971 species. Recently, researchers have
begun using WikiAves to study distribution and migration
patterns of several Brazilian species (Lees and Martin 2015;
Lees 2016; Klemann-Junior et al. 2017; Somenzari et al.
2018; DeGroote et al. 2020; Barbosa et al. 2021), demonstrating
the utility and reliability of the dataset (Dalia 2017; Schubert
et al. 2019). Leveraging the observations of citizens to better
understand bird distribution and migration patterns (Greenwood
2007; Hurlbert and Liang 2012; Zelt et al. 2012; Tulloch et al.
2013; Loss et al. 2015; Newson et al. 2016) enables a geographic
breadth of data collection that would otherwise be prohibitive
due to the time and resources required.

Uncertainties concerning Purple Martin natural history
pose an obstacle to any conservation initiative on the spe-
cies’ nonbreeding grounds. However, considering their hem-
isphere-wide distribution, understanding where and when
Purple Martins are present is only feasible with the help of
citizen science. The objective of this study was to use data
gathered from several different online repositories of citizen
science data, including a dedicated project launched in 2018
entitled “Projeto Andorinha Azul,” scientific collections, and
available literature to produce the first comprehensive sum-
mary of the distribution and seasonality of the Purple Martin
in Brazil.

Methods
Data acquisition
Scientific collections and bibliography

Our data were obtained from online searches and museum
specimens. We compiled records from the Global Biodi-
versity Information Facility (GBIF 2020), contacted Bra-
zilian museums, and examined specimens at the Museu de
Zoologia da Universidade de Sao Paulo, all from 1924 to
2015. We also conducted a bibliographic search for Purple
Martin records, using Google Scholar and Web of Science,
selecting papers that indicated the municipality, month, and
year of record, from 1816 to 2014 (von Pelzeln and Natterer
1871; Antas et al. 1986; Vasconcelos et al. 2006; Fernandes
et al. 2007; Kirwan and Shirihai 2008; Pereira et al. 2008;
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Pinheiro and Dornas 2009; Whittaker 2009; Aguiar et al.
2010; Camacho and Accorsi 2016).

Citizen science

We compiled species records that included digitally archived
photographs from eBird (2004-2019) and from WikiAves
(from 2006 to 2019). The main difference between these
websites is that all records in WikiAves are supported by
a digital voucher, either a sound recording or photograph,
whereas many eBird records are not vouchered. For this
study, we only used photographic records. Another differ-
ence is the general public: eBird is more commonly used
by international birders whereas WikiAves is mostly used
by Brazilian birders. To stimulate citizen data contribution
and increase temporal and geographic coverage, we created
a project website (andorinhaazul.org), in which information
regarding the project, species, and contacts can be found;
a Facebook page to post and exchange information about
the species; and a WhatsApp group in which birders from
throughout Brazil reported sightings of Purple Martins. We
gathered reports on these two social media from the end of
2018 to 2019. In this group, we also exchanged information
about the species and discussed potential human-wildlife
conflicts at the roosts.

Data processing

We removed records of uncertain identification and kept
only one record per date from the same municipality.

Data analysis and visualization

To produce an overview of Purple Martin distribution in
Brazil, we plotted a hexagonal binning map indicating the
number of records per 10,000 km? hexagon. To explore
possible sources of numerical bias, we analyzed the cor-
relation between human population size (IBGE 2020) and
number of bird watchers (WikiAves 2021), as well as the
correlation between these numbers and the total number of
records from each state over the period of records. In both
cases, we employed simple linear regressions and consid-
ered a P <0.05 as significant. To characterize seasonality
of Purple Martin observations, we produced graphs of the
monthly distribution of all records combined and for each
of four latitudinal intervals: North of 5°S, 5-15°S, 15-25°S,
and South of 25°S (Russell and Gauthreaux-Jr. 1999; Kelly
et al. 2017).

We used R software, version 3.6.3 (R Core Team 2020) to
produce the charts with the “ggplot2” R package (Wickham
2016) as well as for the statistical analysis using the native
linear model function, and used QGIS software, version 3.6
(QGIS Development Team 2019) to plot the map.

Results

We gathered 859 records of Purple Martin and, after exclud-
ing 333 duplicates and 85 records in which identification
was not possible, we used 441 records to visualize distri-
bution and seasonality in Brazil (Supplementary material
Table S1). Of those, 337 were from WikiAves, 52 from sci-
entific collections, 21 from literature, 15 from the WhatsApp
group, 15 from eBird, and one from Facebook (Fig. 1). The
citizen science data were collected up to December 2019.
The first record of the Purple Martin in Brazil was docu-
mented by the naturalist Johann Natterer in the municipality
of Manaus in the state of Amazonas in 1816 (von Pelzeln
and Natterer 1871). The next record from our dataset is from
21 March 1924 in the municipality of Belém, Para state,
a specimen from the collection of the Museu de Zoologia
da Universidade de Sdo Paulo. Prior to 2003, all records in
our database were from scientific collections and literature,
with citizen science records incorporated from 2004 onward.
Between 1932 and 2000, few records were made in consecu-
tive years, but since 2001, Purple Martins were recorded
every year. After 2009, the year WikiAves was launched, the
number of records increased dramatically (Fig. 2).

Purple Martins were registered in 155 different munici-
palities from 23 Brazilian states. We highlight three locali-
ties in the north of Brazil and three in the southeast, which
among them had the highest density of records (Fig. 3).
Most records (49%) were from northern Brazil, followed by
southeast (24%), northeast (14%), west-central (10%), and
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Fig. 1 Total number of Purple Martin (Progne subis) records in Bra-
zil recorded between 1816 and 2019, grouped by data source
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Fig.2 Number of Purple Martin
(Progne subis) records per year
in Brazil, between 1816 and
2019, colored by data source.
The asterisk (*) represents

the year when WikiAves was
released. Records can be added
to WikiAves with retroactive
dates
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south (3%). Records were particularly abundant from the
city of Manaus and nearby communities (23%). The number
of registered bird watchers on WikiAves from each state
correlated positively with the respective state population
(adjusted R%>=0.903; df=25; P<0.001; coefficient: 2.231
* 107 (Fig. 4A). However, reports of Purple Martins from
each state did not correlate with either the state’s popula-
tion (adjusted R*=—0.021; df=25; P=0.511) (Fig. 4B) or
the number of birdwatchers per state (adjusted R?= —0.036;
df=25; P=0.780) (Fig. 4C), suggesting that observed pat-
terns of distribution were not simply an artifact of greater
survey effort in areas with more birdwatchers. Instead,
records of Purple Martins were unequally distributed across
the country, being much higher in the state of Amazonas
(0.311 records per birdwatcher) than in regions with greater
numbers of birdwatchers, such as the state of Sdo Paulo
(0.002 records per birdwatcher), and much higher than the
country-wide average (0.035 reports per birdwatcher). It is
possible, however, that the number of birdwatchers submit-
ting sightings from a certain location can be higher than
the number of registered birdwatchers for that state if there
is a hotspot for birdwatching tourism. It was not possible
to determine the influence of birdwatching tourism on the
number of records found.

Most records (total days on which Purple Martins were
reported during the two-century sample period) in Brazil
occurred from September through April (Fig. 5). May and
June had the lowest number of records, with fewer than
ten each, followed by July (13) and August (17). Between
September and December, the number of records varied
from 41 to 51. January and February were the months
with most records (58 and 59, respectively). At latitudes
North of 5°S, records start to increase in July and peak in
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September before declining from October to November.
From December through February, the number of records
was similar to previous months, before increasing in March
and decreasing in April. Between 5°S and 15°S, there were
few records from May to September, but large numbers
during the remainder of the year, particularly in Octo-
ber and November. For latitudes between 15°S and 25°S,
numbers slowly increased from October to December, then
peaked dramatically in January and remained high through
April (Fig. 6). Only two records were encountered South
of 25°S, both in October.
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Fig. 6 Number of records of Purple Martins (Progne subis) from 1816 to 2019, aggregated by month, for each latitudinal interval: North of 5°S,

5-15°S, 15-25°S, and South of 25°S

Discussion

The results of the records shown here indicate that Pur-
ple Martins are present across most of Brazil (except Rio
Grande do Norte, Sergipe, and Santa Catarina states). It is
also evident how arrival and departure varies in different
regions of Brazil. We found records in all months, but the
species is most commonly observed between August and
April, with different peaks depending on latitude. The use
of citizen science was crucial to gather this amount of data
and to visualize Purple Martin presence across the entire
country.

By using citizen science, Purple Martins were found
even in a region where they were not expected to occur.
Until recently, reviews of migratory birds in Brazil had
not included Purple Martins in Rio Grande do Sul, the
southernmost Brazilian state (Somenzari et al. 2018). The
first and only record for this state is from WikiAves of an
adult male in October 2018, in the municipality of Tavares
(WA3148713). Discussion regarding the correct identifica-
tion of this record, including suggestions that it be a late
Southern Martin, can be found on the online platform.

@ Springer

Where, Glayson Bencke (pers. comm.) pointed out that this
individual was molting its flight feathers and at a time when
Southern Martin should not be molting (Eisenmann 1959).
This record then is an example of how interactions between
birdwatchers and ornithologists mediated through a collabo-
rative online platform can improve the reliability of citizen
science data.

The wide distribution of Purple Martins in a country as
extensive as Brazil shows how the species is capable of asso-
ciating with different biomes and landscapes, though further
investigation is necessary to establish their optimal habi-
tats. In addition to providing useful distributional data, these
records provide information on regional and temporal differ-
ences in habitat use and how they changed through time. In
northern Brazil, roosts and diurnal flocks were mainly asso-
ciated with forest habitats (Fraser et al. 2012) and wetlands
(Coelho 2020). In southeastern Brazil, Purple Martins used
to be seen commonly roosting in town squares, especially in
the western and northeastern parts of the state of Sdo Paulo.
In 1986, roosts with 10,000 to 20,000 individuals were
recorded in the municipalities of Ibira and Barretos (Hill
1988). In Sao José do Rio Preto, in the same general region,
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Purple Martins were collected in 1984 and 1985 (Supple-
mentary material Table S1) and were recorded during the
1990s. The last record from the municipality occurred in
2002 on WikiAves. Between 1990 and 2004, the number
of martins and swallows that used the squares of Ribeirdo
Preto as an overnight roost decreased ten times (Davidar
and Morton 1993; Hill 2004). Until 1993, large groups were
registered in Rio Claro, also in Sdo Paulo state (Willis and
Oniki 2002). More recently, however, the municipalities in
the state of Sdo Paulo with the highest number of records
were Guatapara and Luis Antonio, but according to Wiki-
Aves, reports between 2017 and 2018 involved only a few
hundred individuals (Supplementary Material Table S1;
WikiAves 2019). These cities are in Ribeirdo Preto’s sur-
rounding region and are significantly smaller, suggesting
that along with the decrease in the size and number of roosts
associated with people, Purple Martins are roosting in less
urbanized areas, where agriculture is the main land cover
(IBGE 2018).

Elsewhere in southeastern Brazil, Purple Martins have
been recorded in more heterogeneous landscapes. In the
states of Rio de Janeiro and Espirito Santo, where records are
concentrated mainly in coastal municipalities, in a mosaic
of urban areas, forest fragments, and rural vegetation IBGE
2018). Collectively, these records suggest that either Purple
Martin roost habitat selection has undergone a natural shift
or human disturbance (whether intentional persecution or
unintentional disturbance) has displaced martins from many
of the urban locations they once frequented. These findings
point to the often-neglected fact that many species use urban
areas as a viable habitat, either because they are generalist
species or because they adapted to this environment over
time. Conservation and habitat management should consider
the resources available in urban areas, which can sometimes
be crucial for the species that use them.

Despite the wide distribution in Brazil, records of Purple
Martins were most concentrated in the Amazon, mainly in
the vicinity of Manaus (state of Amazonas) and adjacent
municipalities. We found one area, covering the munici-
palities of Iranduba, Manacapuru, and Careiro with more
than 40 records and two with more than 20 records (Fig. 3).
Locally, this may reflect a bias in citizen science data related
to human population density (Geldmann et al. 2016), par-
ticularly in regions with low levels of development like the
Amazon Basin. No such bias was found at the national level,
howeyver, since states in the north have the lowest human
density in the country and the lowest number of birdwatch-
ers registered on WikiAves (IBGE 2020; WikiAves 2021)
(Fig. 4A) yet contained the highest concentration of records
(Fig. 4B).

This concentration of records in the Amazon might be
explained by differences in the distribution of subspecies on
the nonbreeding grounds. Data from geolocators suggest that

the subspecies P. s. arboricola, which breeds in the western
USA and Canada, spends the boreal winter in southeastern
Brazil. Eastern North American P. s. subis mostly overwin-
ter in the Amazon region (Fraser et al. 2012). Nonbreed-
ing grounds of a third subspecies (P. s. hesperia), which
nests in the southwestern USA and Mexico, have yet to be
determined. The overall population of P. s. arboricola is
substantially smaller than that of P. s. subis (Tautin et al.
2008), so fewer individuals of this taxon are expected to be
found. Furthermore, it is possible that individuals migrating
to or from points further south in Brazil use the Amazon
as a stopover ground, further increasing the likelihood of
sightings from there.

Regarding seasonality, records were much lower during
the southern winter months, from May to August, with only
four records in June, over 95 years. The fact that the spe-
cies may be found in Brazil at practically any time of year,
without strict seasonality is probably related to differences
among breeding populations in migration timing. The dates
of arrival of the species on their breeding ground show a
variation in the latitude and the age of the birds (Morton and
Derrickson 1990; Fraser et al. 2013). At lower breeding lati-
tudes, such as in Florida, martins begin to arrive in the sec-
ond half of January, while at higher latitudes in Canada, the
breeding season does not begin until May (Stutchbury et al.
2016). As for age, the arrival day on the breeding grounds
varies significantly between older and younger birds. Sub-
adults under 2 years old arrive on average 7 weeks after the
arrival of the first adult martins observed in a colony each
year (Morton and Derrickson 1990). In northern latitudes
at the limit of the breeding ground, sub-adults return at the
end of June (Darling et al. 2004) which may justify unusual
records made in June in Brazil. Between April and June,
numbers in Brazil decrease and begin to rise again in the
second half of July. Geolocator data revealed a male Purple
Martin from Florida that arrived in Amazonia on 19 July
(Stutchbury et al. 2016), so these individuals that appear in
July (as early as the first week, M. Cohn-Haft, pers. obs.) are
probably the first newcomers from the concluding breeding
season. The fact that different subspecies of Purple Martins
migrate from and to different regions (Fraser et al. 2012)
may contribute to the differences found in migration tim-
ing. In southeastern Brazil, birds were reported arriving
later, peaking in January to April, and are P. s. arboricola,
whereas birds coming to the Amazon region can be attrib-
uted to the subspecies P. s. subis (Fraser et al. 2012). Fur-
thermore, the second peak encountered in the Amazon in
March and April may be a result of birds from the southeast
passing through the region as they migrate back to North
America. This would indicate that populations of Purple
Martins from the western USA and Canada depart North
America later and also migrate back later than eastern breed-
ing populations.
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The recent declines in Purple Martin populations on the
breeding grounds (Sauer et al. 2017) suggest the impor-
tance of conservation measures throughout the species’
range. Conservation actions include raising the awareness
of local communities to the importance of this species and
sustainably leveraging the touristic potential of the roost-
ing phenomena as a reason for conserving habitats. There
are many current challenges to these efforts, such as the
lack of understanding of spatial and temporal dynamics of
roost formation behavior in Brazil and the identification of
potential threats including hydroelectric dams, chemical
contaminants, deforestation, and human-wildlife conflict.
These challenges are further aggravated by the wide distri-
bution and timing variation in different regions of Brazil.
In this scenario, community science can be an important
source of data.

The historical engagement of the public in the conser-
vation of Purple Martins in the Northern Hemisphere (Zelt
et al. 2012; Hvenegaard and Fraser 2014; Arab et al. 2016)
is an example of what can be done in South America. The
use of citizen science platforms enhances data collection
by increasing sample size (Robinson et al. 2020), provid-
ing a useful complement to on-line repositories of sys-
tematized information (Alves 2007). This study reinforces
how the popularization of these tools can contribute to the
monitoring of Purple Martins, and highlights areas local
communities could monitor roosts and develop tourism
to observe roost phenomena. Beyond data collection, the
interest of engaged birders can be leveraged to equip and
empower community members to be advocates for the con-
servation of species like Purple Martins.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s43388-021-00071-0.
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