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The Southern Streaked Flycatcher (Myiodynastes maculatus solitarius) is a common

Neotropical austral migrant that breeds in both rural and urban environments of

southeastern Brazil, providing a model to understand how songbirds are

responding to an increasingly urban landscape in this region of the continent. We

evaluated whether breeding site fidelity is related to sex and habitat type (urban

versus rural). Because the annual cycle of migratory birds provides context to

breeding season processes, we also described their migration timing and routes,

and location of the non-breeding sites. Between 2016 and 2021, we captured,

banded, and deployed GPS archival tags on Southern Streaked Flycatchers, and

conducted systematic monitoring of 61 individuals in rural and urban areas in

southeastern Brazil. Our results revealed that this population migrates from the

Atlantic Forest to Amazonia, spending 15-40 days on fall migration. Moreover, we

found i) that overall return rates to breeding sites are high (>52%), ii) that return rates

did not vary with sex, and iii) that return rates variedwith body condition and habitat,

with birds in better condition having higher return rate in rural but not urban areas.

More individual-level research on migratory birds in South American urban areas

promises a novel perspective on how Neotropical austral migrants are responding

to a rapidly changing landscape, and to inform future conservation initiatives in the

increasingly expanding urban areas of southern Brazil.

KEYWORDS

urbanization, Neotropical, migratory bird, flycatcher, GPS, body condition, Atlantic
Forest, Amazonia
1 Introduction

Urbanization converts natural habitats into a landscape dominated by artificial structures,

resulting in declining bird richness and filtering species, depending on a variety of traits

(Barbosa et al., 2020; Neate-Clegg et al., 2023). This may affect both resident and migratory
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species, with migratory birds tending to use a greater variety of

habitats to meet their demands, changing the timing of migration or

even changing their migration routes (La Sorte et al., 2014; Vitorio

et al., 2019; Barbosa et al., 2021). In South America, several species

may be under multiple pressures derived from the increasing

urbanization that characterizes the region. However, research in this

region has not explicitly evaluated how urbanization may influence

the behavioral ecology of migratory birds throughout the year, such as

habitat use and breeding-site fidelity.

About 220 species are part of the Neotropical austral migration

system in South America, breeding at south temperate latitudes,

such as Patagonia, and then migrating north towards the tropics,

such as Amazonia, to spend the austral winter (Jahn et al., 2020).

While New World flycatchers (Tyrannidae) are responsible for

about one-third of Neotropical austral migrant species (Chesser

and Levey, 1998), site fidelity in this family has only been poorly

understood (McNeil, 1982; Rumboll et al., 2005; Brown et al., 2007;

Jahn et al., 2009). In Brazil, the largest country in the continent, only

a few studies mention site fidelity in these migrants (Jahn et al.,

2009; Rozas Sia et al., 2020) and describe their migratory routes

(Jahn et al., 2016; Bravo et al., 2017; Jahn et al., 2019).

The Streaked Flycatcher (Myiodynastes maculatus) is known to

perform poorly understood migration movements in the Neotropical

Austral system in part of its range (Fitzpatrick et al., 2004). It is

widespread in evergreen and open second growth forest from

southeastern Mexico to Argentina, and is one of only a few

flycatchers that breed in tree cavities (Fitzpatrick et al., 2004).

Among its seven subspecies, only the southernmost population, the

Southern Streaked Flycatcher (Myiodynastes maculatus solitarius) is

known to undergo migration (Fitzpatrick et al., 2004). This

subspecies breeds in urban and rural areas of southern South

America and overwinters in the northern portions of the continent

(Kirwan et al., 2022), and in the breeding season it can be found in

forests and in urban green habitats (Barbosa et al., 2021). Research on

the ecology of this subspecies is increasing, especially in urbanized

areas (Vitorio et al., 2019; Barbosa et al., 2021), but the extent of its

non-breeding areas, migration routes and level of breeding-site

fidelity between urban and rural are still unknown.

Breeding-site fidelity, in which individuals return to the same

breeding location between years (Newton, 2008), is a widespread

but complex behavior among migratory birds. It plays a central role

in population demography, social behavior and mating success

(Sedgwick, 2004; Brown et al., 2007), and often differs between

sex and age, usually being more frequent in males and older

individuals (Greenwood, 1980). The differences between sexes

seem to be related to the differential roles in incubation, nest

defense and parental care, with familiarity of the surroundings

giving males an advantage in defending territories (Greenwood,

1980, Patton and Edwards, 1996). In contrast, females are more

flexible in moving to new territories (Sedgwick, 2004). On the other

hand, a major factor influencing site fidelity in females is previous

breeding performance, with which it is positively correlated

(Sedgwick, 2004). Younger birds may be less competitive for

territories and more prone to dispersal, and not to return, in

comparison to older individuals (Greenwood and Harvey, 1982;

Serrano et al., 2001; Sedgwick, 2004). In general, the main benefit of
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breeding site fidelity appears to be an increased familiarity with a

site and local resource availability (Brown et al., 2007). Therefore, if

a breeding territory presents high-quality resources, it is

presumably more advantageous for a bird to reclaim a familiar

territory than having to find and defend a new territory

(Greenwood, 1980; Bollinger and Gavin, 1989). Nevertheless,

anthropogenically modified habitats can negatively influence site

fidelity (Gibson et al., 2018), and migratory birds that breed in

urban areas are often less site faithful as compared to those breeding

in rural areas (Rodewald and Shustack, 2008). Moreover, return

rates are positively associated with body condition (i.e., size-

corrected mass, an indication of fuel reserves), since the latter can

contribute to increased survival and successfully defending a

territory (Warkentin and Hernández, 1996).

Our objective was to understand how migratory birds in

southeastern Brazil are responding to an increasingly urban

landscape. To do so, we compared breeding-site fidelity of the

Southern Streaked Flycatcher in rural and urban areas of southern

Brazil, and whether it is related to individual characteristics, such as

sex and body condition. We expected a higher percentage of site

fidelity in males than females, especially in rural areas comparing

with urban areas, and for individuals in better body condition. We

also provide a first description of its migration routes and location

of non-breeding sites.
2 Methods

2.1 Study sites and species

We studied Southern Streaked Flycatchers (hereafter,

“flycatchers”) in southeastern Brazil, which is characterized by the

Atlantic Forest biome. Due to intensive habitat clearing for

agriculture, pasture and urban expansion, the landscape is highly

fragmented, with low natural vegetation coverage, where the forest

remnants are small in size, isolated and subject to edge effects

(Ribeiro et al., 2009). We worked across 6 rural and 10 urban sites

within eight municipalities: São Paulo, Guarulhos, Guararema,

Jundiaı,́ Cotia, Rio Claro, and Marıĺia in the state of São Paulo,

and Itajubá in southern Minas Gerais state (for more details about

the study sites, see the spreadsheet with supporting information).

The state of São Paulo is the most industrialized and populated

region of Brazil (IBGE, 2018). It is located in the transition between

the Cerrado and Atlantic Forest domains, with roughly 16% of the

original vegetation cover remaining, mostly restricted to fragments

within a larger matrix of pastures, sugar cane, eucalyptus, orange

and coffee plantations. São Paulo city is one of the most populous

cities in the world, where more than 12 million people occupy an

area of 1,521 km² (IBGE, 2018) and covers a vast area, merging with

nearby cities (e.g., Guarulhos and Cotia). Even though urban

structures dominate São Paulo’s land cover, the city contains

numerous small parks and is bordered by two large blocks of

forest, the Serra da Cantareira to the northwest and the Serra do

Mar to the southwest. Moreover, land cover in São Paulo city is

comprised of approximately 32% tree cover, 51% urban structures

(e.g., buildings and impervious surface), with many migratory and
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resident birds that use the small green spaces (Barbosa et al., 2020).

Guararema, Marıĺia and Rio Claro, in São Paulo state and Itajubá in

Minas Gerais state, are smaller urban areas with under 400,000

inhabitants. Their regions are characterized by a landscape

dominated mostly by pastures, sugar cane and coffee plantations,

with the remaining original vegetation restricted to small

semideciduous Atlantic Forest fragments.
2.2 Bird captures and monitoring

We captured flycatchers during the breeding season (August to

January) from 2016 to 2021 using nylon mist-nets (12 m and 18 m x

2.6 m, 36 mm and 38 mm mesh size). To increase the chances of

capture, we placed the mist-net 8 m high and placed a decoy model

of the species next to the net, along with a portable speaker emitting

the species’ calls. Captured flycatchers were marked with numbered

metal bands provided by CEMAVE (the Brazilian federal banding

agency) and color bands for individual identification.

Measurements of culmen, tarsus length, and body mass were

taken to measure the body condition. Before release, we tagged a

subset of 12 individuals with 1.2 g GPS archival tags (model

PinPoint-10, Lotek Wireless, Inc.). The devices weighed less than

3% of the mass of the flycatchers on which they were deployed, and

were deployed using a leg-loop harness made of Stretch Magic

thread using methods described in Jahn et al. (2019) in Rio Claro,

Marıĺia and Itajubá. Individual flycatchers were sexed using

molecular assays of blood samples (Unigen Labs; collection

permit: SISBIO-53860), since Southern Streaked Flycatcher is not

sexually dimorphic.

To quantify site fidelity, we searched during each season for

previously marked individuals through playback experiments up to

500 m from the original point of capture, from sunrise (~6 am) to

10:00 am. We visited each study site at least twice per season,

searching with the aid of binoculars and portable speakers. The

perimeter for searching for birds were delimited based on authors

previous experience with the species, that it was found just in the

same place where it was banded. Moreover, we also used the citizen

scientists to help to find the banded birds, announcing the research

on local popular journal and in social medias, as in the region there

is the highest number of birdwatchers in Brazil, especially in parks

where birds were banded (Barbosa et al., 2020).
2.3 Analyses

We calculated the scaled mass index (SMI; hereafter, “body

condition”) following Peig and Green (2009), in order to quantify

body mass relative to body size, using linear regression of log-mass

on log-length. For this, we first tested which measures (tarsus or

culmen) had a higher correlation with body mass for each sex. We

found that culmen for females and tarsus for males were the best fit.

We used R language version 3.4.1 (R Core Team, 2017) to run c2
tests to evaluate differences in return rates by sex and habitat, and a

logistic regression with a binomial distribution to evaluate all

variable combinations (habitat*SMI+sex*habitat+sex*SMI) and
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interactions between return rates with the single variables. We

also calculated the confint of the models that shows the 95% of

the confidence interval.
2.4 Tracking data

In order to describe migration routes and location of non-

breeding sites, flycatchers with GPS tags were recaptured, the tags

were removed, and the data were downloaded and processed. All

data was processed in PinPoint Host program (Lotek Wireless,

Inc.), and was saved in kml format.
3 Results

We banded 61 Southern Streaked Flycatchers (17 females, 26

males, and 18 of unknown sex) in six cities in São Paulo state and

four (two males and two females) in one city in Minas Gerais state.

Those of unknown sex were due to insufficient blood sample

volume to test it. We deployed tags on twelve birds from 2018 to

2020 and ultimately obtained data from three tags (Figure 1).
3.1 Breeding-site fidelity

Among 61 banded flycatchers, 32 (52%) returned in subsequent

years to the breeding sites where they were first captured, of which

eight were females (47%), 17 males (65%), and seven of unknown

sex (39%), with no significant difference in return rate between the

sexes (X2 = 173 3.27, df = 2, P = 0.19 - Figure 2). Among these, at

least eight (including two females and one male) returned in two

subsequent years after banding. One banded female was observed

two years after banding at a distance of 1 km from the capture site; it

is the only individual found to have dispersed. Her social mate

returned to the original capture site during two years after capture

and was seen accompanying other females. Citizen scientists located

and reported to us ringed birds in Guararema and São Paulo.

We banded 48 individuals in 10 urban green spaces and 13

individuals in six rural areas, of which 23 returned to urban green

spaces (48% return rate), and nine to rural areas (69% - Figure 2),

which was not a significant difference in return rates between urban

vs. rural areas (X2 = 1.11, df = 1, p-value = 0.29). The probability of

returning to the breeding site was significantly related to body

condition (t = 63.74, df = 53, P = << 0.0001), but not significantly

different between the sexes (X2 = 104, df = 102, P = 0.42 – Figure 3).

The Generalized Linear Model analyses with binomial

distribution (returned~habitat*SMI+sex*habitat+sex*SMI) showed

no effect of sex on return probability (sex*habitat F = 43.417, df= 35,

P = 0.99 and sex*SMI F=40.866, df=35, P=0.204). On the other

hand, the interaction between habitat and body condition (SMI)

had a significant effect in return rates (F=12.974, P=0.0009) (CI 95%

= -395.52, -28.41). In rural habitat, there is a positive effect in return

rates and in urban habitat the effect was negative (Figure 4). To

evaluate the combined effects of habitat and body condition on

return rates, we also used a quasibinomial GLM (for more details,
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FIGURE 2

Differences in return rates (%) of Southern Streaked Flycatchers according to sex [males: 26 ringed, 17 returned (65%); females: 17 ringed, 8 returned
(47%)] and habitat [rural: 13 ringed, 9 returned (69%); urban: 48 ringed, 23 returned (48%)].
FIGURE 1

Banded Southern Streaked Flycatchers (A) Cities in the states of São Paulo (Jundiaı,́ Cotia, Guararema, Rio Claro, Marıĺia and São Paulo) and Minas
Gerais (Itajubá), Brazil, where 61 individuals were banded; (B) Southern Streaked Flycatcher with GPS; (C) The species with colored bands and GPS.
Frontiers in Bird Science frontiersin.org04
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see the supporting information 2), which showed that flycatchers in

better body condition have a higher return probability in the rural

but not the urban habitat (rural 0.75, urban: 0.54).
3.2 Movement tracking data

We deployed GPS tags on 12 individuals (four in 2018, seven in

2019 and on one in 2020). From those tagged in 2018, we recaptured

two in 2019, but did not obtain data from the tags (one in Rio Claro

did not return with the tag and one in São Paulo city did not record

data). In October of 2020, we recaptured three flycatchers that had

been tagged in 2019, one of which did not return with the tag. We

recovered data from the other two: one captured on the campus of

UNESP University (Rio Claro) and the other in Carmo State Park

(São Paulo city). In 2021, we recaptured four tagged flycatchers (one

of which had been tagged in 2019), but one (from Rio Claro) did not

return with the tag and another (from Itajubá) had technical

problems and data was not recovered (Table 1).
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3.3 Migration routes and habitat size in
breeding and non-breeding sites

We obtained data from three individuals of Southern Streaked

Flycatcher, in three different cities: São Paulo, Rio Claro e Marıĺia

(Figure 5). Eight GPS points recorded by the tag of individual

G133440 indicate that it was at the breeding site from January 15th

to February 19th, and that its breeding area in the town of Rio Claro

was 270 hectares in size (on the campus of university - UNESP - and

adjacent protected area in Rio Claro). It initiated fall migration by

February 19th and apparently used small green spaces to stopover at

during fall migration. It arrived at Mulata National Forest, in the

state of Pará, eastern Amazonia, by March 20th (a fall migration

duration of ~20 days), after migrating ~2,600 km. It used a

wintering area 6.3 hectares in size from March 20th to at least

May 19th, when the tag stopped collecting data.

Flycatcher G133167 departed its breeding site in an urban park

in São Paulo city by March 10th and arrived at Roraima National

Forest (state of Roraima) in the northern Amazon Basin by April
FIGURE 4

Logistic regression of the body condition (SMI) in relation to habitat (Rural and Urban) in the probability to return - Pr (return) - of 61 ringed Southern
Streaked Flycatchers in Brazil.
FIGURE 3

A boxplot showing the relation between body condition (SMI) and habitat (rural and urban) or sex, in return rates of 61 Southern Streaked
Flycatchersringed in Brazil.
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19th (~40 days on fall migration). The traveled distance between

breeding and wintering sites was ~3,400 km. According to 20 GPS

points recorded from 6 December to 10 March, it used a breeding

area 10.3 hectares in size (in the urban park in Carmo) and a
Frontiers in Bird Science 06
wintering area 0.72 hectares in size, which it occupied from April

19th to at least May 19th, when the tag stopped collecting data.

Flycatcher H11949 departed on fall migration by April 4th from

a rural area in Marıĺia and arrived in the northern part of Mato
TABLE 1 Individual Southern Streaked Flycatchers (Myiodynastes maculatus solitarius) ringed and tracked with GPS tags in Brazil.

Bird Capture site Banded Recaptured Status

H119413 São Paulo Oct 2017 No –

H119416 São Paulo Oct 2017 Oct 2018 Device had technical problems

H119424 Rio Claro Oct 2017 Oct 2019 Lost the device

G133440 Rio Claro Oct 2019 Oct 2020 Data obtained

H119441 São Paulo Nov 2018 No –

H119443 São Paulo Nov 2018 No –

G133443 Rio Claro Nov 2018 Nov 2021 Lost the device

G133167 São Paulo Nov 2019 Oct 2020 Data obtained

G133168 São Paulo Dec 2019 No –

G133169 São Paulo Dec 2019 No –

H11949 Marıĺia Dec 2019 Nov 2021 Data obtained

NA Itajubá Oct 2020 Oct 2021 Device had technical problems
FIGURE 5

Migration routes of Southern Streaked Flycatcher (Myiodynastes maculatus solitarius) and breeding and non-breeding sites. Id of individuals: Route 1 -
G133440, Route 2 - G133167 and Route 3 - H11949.
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Grosso State, in the southern Amazon Basin, by April 19th (~15

days of fall migration). The traveled distance between breeding and

wintering sites was ~1,760 km. According to 31 GPS points

recorded from January 15th to April 4th, it used an area 1.3

hectares in size (in a green rural area), and a wintering area 1.9

hectares in size. It used the latter from April 24th to at least June

23th, when the tag stopped collecting data.
4 Discussion

Southern Streaked Flycatcher represents a valuable model to

understand the effects of urbanization on migratory behavior in the

Neotropical austral migratory system, being common in both urban

and rural areas, nesting in tree-cavities and frequently recorded by

birdwatchers (Barbosa et al., 2021). Our results revealed that

flycatchers in better condition have higher breeding site fidelity in

rural but not urban areas, and are the first to describe the migration

timing, routes and wintering areas of individual Streaked flycatchers

in urban and natural areas.

Both wintering or breeding-site fidelity have been documented

for only 10 Neotropical austral migrants (McNeil, 1982; Rumboll

et al., 2005; Brown et al., 2007; Jahn et al., 2009), even though there

are more than 220 Neotropical austral migrant species in South

America (Chesser and Levey, 1998; Somenzari et al., 2018).

Approximately 50% of the marked flycatchers in our study

returned to the same breeding site between years, which is the

first evidence of site fidelity among breeding Neotropical austral

migrants in Brazil. These results also show higher return rates than

those reported for migratory birds in other parts of the continent. In

a study conducted in Argentina, the return rates for seven migrant

species were <10% (Jahn et al., 2009). Other studies have also shown

lower return rates, with 11.4% breeding-site fidelity for White-

crested Elaenia (Elaenia albiceps, Brown et al., 2007), and 9.3%

wintering site fidelity for Small-billed Elaenia (E. parvirostris,

McNeil, 1982). The relatively high return rates we found may be

due to the fact that few previous studies used color bands, whereas

we intensively searched for color-banded individuals in

subsequent seasons.

In north-temperate regions, breeding-site return rates of

flycatcher species were higher, and in some cases, similar to those

of our study. In North America, 52.0% of Willow Flycatcher

(Empidonax traillii) males and 51.3% of females returned

(Sedgwick, 2004), whereas in Spain, the return rates of European

Pied Flycatchers (Ficedula hypoleuca) were 53% for males and 42%

for females (Kern et al., 2014). Return rates of other families of

Nearctic-Neotropical migrants vary between 30 and 40%

(Wunderle and Latta, 2000).

For most migratory passerines, return rates are positively

related to age (Gauthreaux, 1982), possibly due to the high

mortality of juveniles, competition with adults, or more likely,

high rates of juvenile dispersal (Greenwood, 1980). The fact that

none of the three juvenile Southern Streaked Flycatchers we banded

returned to their hatching site suggests a role for juvenile dispersal
Frontiers in Bird Science 07
and/or mortality, which calls for further research on that within

this system.
4.1 Male vs. female site fidelity

We found no significant difference in breeding-site fidelity

between males and females, even though the return rates of males

were numerically higher, a similar pattern as to what is found in other

passerines (Bollinger and Gavin, 1989; Hoover, 2003; Sedgwick,

2004). The causes of sex-dependent differences in return rates are

generally unknown, but are likely associated with the different roles of

males and females during breeding. Males establish and defend

territories, while females are often more flexible in their selection of

breeding-sites (Greenwood, 1980), eventually leading to differential

return rates. Nonetheless, females may return to the same nest site,

usually following a previously successful breeding attempt, even when

their previous social mate is currently paired with another female

(Sedgwick, 2004). None of the five pairs of flycatchers we banded

remained together in subsequent seasons.
4.2 Influence of habitat quality and body
condition on return rate

Breeding-site fidelity is often related to habitat quality (Bollinger

and Gavin, 1989; Warkentin and Hernández, 1996; Ortega et al.,

2006). In urban landscapes, green areas can provide habitat for

numerous resident and migratory bird species (Barbosa et al.,

2020), and the Southern Streaked Flycatcher has been reported

using small urban green areas (10 hectares), even in the megacity

of São Paulo (Barbosa et al., 2021). Breeding-site fidelity is often

related to habitat quality (Bollinger and Gavin, 1989; Warkentin and

Hernández, 1996; Ortega et al., 2006). Urban green spaces are often

embedded within an anthropogenically altered landscape that is less

permeable as compared to more rural habitat (Shimazaki et al., 2016);

nevertheless, our results show that return rates, albeit being

numerically higher in the rural areas, are not affected by habitat

type alone. Although we found a significative interaction between

habitat type and body condition, with a lower return probability for

individuals in lower body condition in rural areas; in urban sites,

return rates were not as decisively affected by body condition. Thus,

although urban areas are typically a low-quality habitat (Bollinger

and Gavin, 1989), potentially with limited resources for foraging as

compared to a rural sites, urban sites appear to provide sufficient

resources for this species to successfully breed. Urban sites are also

expected to fill up more quickly than rural sites, especially

considering that Southern Streaked Flycatchers require cavities in

which to nest and require 5.4 hectares of breeding area (Vitorio et al.,

2019; Barbosa et al., 2021). Although the Southern Streaked

Flycatcher can nest in a wide variety of cavities made by other

species or people (Fitzpatrick et al., 2004), small urban parks usually

have only a few old or dead trees that can provide nesting

cavities, which could potentially decrease their breeding success
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(Cockle et al., 2017). These urban birds may therefore be more

limited than rural birds in their ability to acquire potential breeding

sites with natural cavities, negatively influencing return rates,

especially if all potential territories are already occupied. Overall,

migratory bird species that breed in urban areas have different

constraints than those in rural areas. For example, nest predation

levels are sometimes higher in urban sites (Rodewald and Shustack,

2008). If so, protected rural areas may provide better breeding

conditions as compared to small urban parks, where domestic cats

and other invasive predators are prevalent, which can influence

breeding-site fidelity (Rodewald and Shustack, 2008).

Body condition is a key factor determining return rates of many

migratory birds (Warkentin and Hernández, 1996), but often also

depends on sex and habitat type. Individuals Southern Streaked

Flycatchers in rural areas had higher body condition than those in

urban areas, and there was no significant difference in body

condition between sexes. In a North American study, females

were in marginally better condition than males, but their

condition was not related significantly to urbanization or sex

(Rodewald and Shustack, 2008). In Costa Rica, return rates were

positively related with mass and body condition in overwintering

Northern Waterthrushes (Parkesia noveboracensis), a Nearctic

Neotropical migratory songbird (Warkentin and Hernández,

1996), suggesting that individuals that are in better condition

have higher interannual survival rates and a higher chance to

return to maintain their winter territories. Nevertheless, species

with high interannual site fidelity may be less able to adapt to

habitat degradation and loss, and as the distance between patches of

suitable habitat increases, numbers of such species tend to decline

(Warkentin and Hernández, 1996). Better body condition in rural

areas may be related to adequate food resources, and previous

familiarity with a place may save time and energy (Switzer, 1993).

Given that breeding-site fidelity of flycatchers in rural vs urban

areas is not a straightforward process, further research into

these processes is needed to gain insights into the ecology and

population dynamics of migratory birds in areas undergoing rapid

urbanization, such as southern Brazil.
4.3 Fall migration route

Although our sample size is small, the GPS tracking data we

obtained showed for the first time that some Streaked Flycatchers

overwinter >3,000 km distant from their breeding site in the Atlantic

Forest biome, using humid forests of the Amazon Basin. Remarkably,

these wintering habitats are drastically distinct, in terms of

anthropogenic habitat disturbance, compared to their breeding sites

in either rural or urban areas in southeastern Brazil. Fall migration

can take up to 40 days, occurring mainly through central Brazil. The

duration of fall migration is similar that of Fork-tailed Flycatchers

(Tyrannus s. savana), another Neotropical austral migrant species

that also breed in southeastern Brazil (Jahn et al., 2016).

The recovery rate of archival tags in Southern Streaked

Flycatchers (58%) was higher than that of Fork-tailed Flycatcher.
Frontiers in Bird Science 08
Although some tags had technical problems or the bird lost the

GPS, the capture method we employed is promising for future

research on Streaked Flycatchers.
5 Conclusions

Southern Streaked Flycatchers that breed in southeastern

Brazil migrate as far as the Amazon Basin to overwinter, using

habitats drastically different than those they breed in (i.e., small

urban parks and secondary Atlantic Forest fragments versus

primary, continuous Amazon Forest). They also exhibited

relatively higher breeding-site fidelity than that of other

previously studied Neotropical austral migrants, with return

rates affected by the interaction between habitat type and body

condition. We still know little about the basic movement

patterns of most intra-tropical migratory birds, nor how bird

migration within the Neotropical region is related to other life

history strategies (Jahn et al., 2020). In urban landscapes, the

anthropogenic effects on migratory birds are generally poorly

understood, but appear to result in decreasing species richness,

suggesting that the dynamic nature of urban areas poses a

challenging scenario for those species. Further research on the

movement ecology of migratory birds in South America is needed

to understand how the conversion of natural landscapes to urban

areas may affect the dynamics of these species in the long term,

including breeding and migration timing. Studies focusing on

these aspects in the Neotropics offer a broader perspective on how

bird migration evolved generally, and the challenges that

migratory birds face on a rapidly changing planet.
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