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ABSTRACT
Little is known about the routes, timing and potential drivers of migration among austral migrants of South America. To con-
tribute to a better understanding, we studied the migration of the southern subspecies of Rufous-collared Sparrow (Zonotrichia 
capensis australis) from the southernmost tip of South America. Based on 11 tracks, we found that departure from the breeding 
grounds in fall (post-breeding migration) occurred within a wide temporal window, beginning on March 22 and finishing on May 
17. Wintering grounds were identified between 51.2° S and 31.9° S, within the Patagonian steppe ecoregion. Migration distance 
ranged from 450 to 2500 km, with the longest distance registered for two females who were the first to depart for the outbound 
route and the latest to arrive at the breeding grounds upon their return, offering an indication of a differential migration pattern.

1   |   Introduction

The number of terrestrial birds migrating towards their breed-
ing sites in the northern hemisphere is greater than their south-
ern hemisphere counterparts by a large margin (Chesser 1994). 
The smaller land masses in the south may result in fewer mi-
gratory species. Seasonality, the ultimate driver of migration 
across latitude, is in addition less pronounced and less pre-
dictable on the southern continents compared to the north 

(Lisovski et  al.  2017), suggesting that migration may partly 
be motivated by different environmental factors in different 
hemispheres (Jahn et  al.  2010). However, with > 230 species 
that migrate entirely within South America (Stotz et al. 1996), 
the continent hosts one of the most diverse migration systems 
on Earth (Chesser  1994; Jahn et  al.  2004, 2020). Studies have 
shown that migration in South America is surprisingly com-
plex and is not simply a mirror image of the intensively stud-
ied and well-understood Nearctic–Neotropical system of North 
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America (Jahn et  al.  2004, 2020). The types of migration sys-
tems in South America include migrations between temperate 
breeding grounds and the tropics, migration wholly within trop-
ical latitudes or temperate latitudes, elevational migration, and 
longitudinal migration (Chesser 1994; Areta and Bodrati 2008; 
Cueto et al. 2009; Faaborg et al. 2010; Jiménez et al. 2016; Jahn 
et al. 2020).

The White-crowned Sparrow (Zonotrichia leucophrys), distrib-
uted across North America, exhibits some of these migration 
types (Chilton et al. 1995; Morton 2002). Different sub-species 
express different migration strategies, ranging from sedentary 
(Z. l. nuttalli) to short latitudinal and altitudinal (Z. l. pugeten-
sis), intermediate and altitudinal (Z. l. oriantha), and long-
distance migration (Z. l. gambelii) (Lisovski et  al.  2019). The 
Rufous-collared Sparrow (Zonotrichia capensis), from Central 
and South America, a congener species of the White-crowned 
Sparrow, is one of the most polytypic avian species, with more 
than 20 described subspecies (Chapman 1940; Zink 1982) that 
also show variation in migration strategies (Chapman 1940), but 
is far less studied and understood. The latter species is one of the 
most wide-ranging New World birds, distributed from Chiapas, 
Mexico (10° N) to the southern tip of South America (56° S). It 
breeds in virtually all open habitats, from sea level to more than 
4000 m a.s.l., absent only from continuous humid forests, in-
cluding much of the Amazonian basin (Chapman 1940). Most 
populations, including those inhabiting lowland tropical des-
erts and Mediterranean biomes, appear to be sedentary (Moore 
et  al.  2005; Chapman  1940; Miller  1959; Class  2009; Class 
et al. 2011; González-Gómez et al. 2013, 2018; Pyle et al. 2015; 
Cueva  2018; Poblete et  al.  2018, 2023; Valeris-Chacín  2023). 
Other populations from central South America, such as the 
altiplano and the Andes populations in southern Bolivia and 
northern Argentina and Chile, undergo altitudinal or no migra-
tion at all (Poblete et al. 2018, 2023), and the southern subspe-
cies (i.e., Z. c. australis) is a long-distance latitudinal migrant 
(Chapman  1940). However, very little is known about the 
Rufous-collared Sparrow's migration phenology, destinations, 
routes and population variation.

During the breeding season in December 2017, we equipped 
Rufous-collared Sparrows (Z. c. australis) on one of the south-
ernmost islands of South America, Navarino Island, Cape Horn, 
Chile (55° S), with light-level geolocators to track their seasonal 
movements. Based on the tracks, we here aim to provide in-
formation regarding migration schedules, including departure 
dates in autumn and arrival dates in spring. Moreover, we relate 
environmental conditions (temperature and precipitation) to 
migration phenology to understand the environmental context 
within the migration of this Rufous-collared Sparrow's austral 
subspecies.

2   |   Methods

2.1   |   Fieldwork

We conducted fieldwork on Navarino Island, Chile (63.30° W, 
54.93° S) within the Cape Horn Biosphere Reserve, which en-
compasses a mosaic of grasslands, Magellanic forest, peat bogs, 
lakes, beaches, and alpine vegetation. The field sites included the 

northern limits of the island from Eugenia Bay (east) to Puerto 
Navarino (west) (0–50 m a.s.l.) along the main road (75 km), 
and Cerro Bandera hill (500–600 m a.s.l) (Figure  1). During 
the breeding season (November to December) of 2017–2018, we 
captured with mist nets 60 adult Rufous-collared Sparrows (46 
males and 14 females). Each bird was identified individually with 
an aluminium band and a colour plastic band to differentiate the 
sex (blue = male, red = female). We assigned the sex for males by 
the presence of a prominent cloacal protuberance (width and 
length > 5 mm) and females by the presence of a brood patch 
(see González-Gómez et al. 2013). We deployed a leg-loop har-
ness system to attach the loggers (manufactured by the Swiss 
Ornithological Institute, Version GDL3). After processing the 
birds, we released them in the same location where they were 
captured and observed each bird during its release to verify that 
the device did not interfere with its ability to fly. The weight of 
the loggers with the harness was between 0.6 and 0.8 g, corre-
sponding to 2%–4% of the bird's body mass. Hence, we expected 
very small or no effects on the birds' survival, reproduction, and 
behaviour (see Brlík et al. 2020). During the two subsequent aus-
tral spring–summer seasons (2018/2019 and 2019/2020) the area 
was searched repeatedly for individuals carrying a geolocator to 
capture and retrieve the device.

Permits to capture, handle, and attach geolocators to birds 
for research were approved by Servicio Agrícola y Ganadero 
(SAG) (Resolución Exenta Nos. 8084 No: 8084/2017, 3813/2018, 
5496/2019 and 5224/2020). All methods were performed in 
accordance with the guidelines from the Biosecurity Manual 
of CONICYT (version 2008), the Chilean law No. 20 380 about 
animal protection, the use of wild birds in research (see Fair 
et al. 2010), and following the SAG banding ethical protocol.

2.2   |   Geolocation

After logger retrieval, we downloaded and analysed the 
data using the R packages TwGeos (Lisovski et  al.  2015) and 
SGAT (Wotherspoon et  al.  2013) in R (R Development Core 
Team 2016). First, the twilight events were defined using a light 
intensity threshold of 1 (arbitrary units). Strong outliers were 
removed and flagged in the available data files. For each indi-
vidual, twilight events from the beginning and the end of the 
dataset that were definitely recorded at the breeding site were 
used for on-bird calibration to derive the reference zenith angle 
and the parameters for the twilight error gamma distribution 
(for more information, see: Lisovski et al. 2020). Next, we esti-
mated the likelihood that each defined sunrise and sunset time 
was recorded on the breeding site by using the gamma density 
distribution function from the individual calibration. During 
the subsequent location estimation process using MCMC sim-
ulations from the R package SGAT, the twilight times before 
and after the first and last twilight that were not recorded at the 
breeding site (with a probability of p > 0.99) were fixed to the 
breeding location. The primary purpose of this step was to avoid 
movement estimations due to differences in shading over time. 
This was only implemented after realising the large errors in de-
tecting twilight events, resulting in likely false northward move-
ments during the fall equinox when the birds were most likely 
resident on their breeding sites. We used a spatial mask that pre-
vented location estimates on the ocean and a gamma movement 
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model with scale = 1 and rate = 0.5. The proposals (starting 
points for the MCMC simulations) were first tuned using relaxed 
assumptions and 2000 iterations, followed by another tuning of 
the restricted mode and 900 iterations. The final run consisted 
of 2000 iterations. To estimate departure and arrival dates, we 
used the first and last twilight time recorded on or close to the 
breeding site (p < 0.99). Investigations of the track estimates led 
to the assumption that all birds migrated relatively quickly to 

a final destination and remained within an area for which the 
accuracy of the estimates was too low to determine smaller-scale 
movements. Based on this assumption, we used the final 2000 
MCMC chains for the entire period of track estimates not fixed 
to the breeding site to calculate the estimates' 20, 50, and 80 per-
centiles (e.g., the final migration destination). Raw data, anno-
tated twilights, estimated locations, and the custom R code are 
available at www.​moveb​ank.​org (Movebank ID: 1069351291).

FIGURE 1    |    Southern tip of South America, with Island Navarino (coloured in yellow) where fieldwork was conducted in the northern limits of 
the Island (map based on the Natural Earth dataset).
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TABLE 1    |    Migration summary of the analysed Rufous-collared Sparrow breeding on Navarino Island (Chile). Departure and arrival dates are 
estimations that should not be treated as exact dates (± 5 days). The distance refers to the estimated median migration distance between the breeding 
and the major non-breeding site. Photoperiods are expressed in decimal hours, and temperature in degrees Celsius.

ID Sex
Departure 

(yyyy-mm-dd)
Arrival 

(yyyy-mm-dd)
Median 

Distance (km)

Total days 
outside 

breeding 
ground

Time outside 
breeding 

ground (%)

LL F 2018-03-22 2018-10-05 1689 197 54

LB F 2018-03-25 2018-09-18 2568 177 48

FT M 2018-04-01 2018-08-20 2058 141 39

LO M 2018-04-09 2018-09-07 1912 151 41

LC M 2018-04-17 2018-08-12 457 117 32

GL M 2018-04-18 2018-09-05 1360 140 38

GY M 2018-04-19 Unknown 1603 Unknown Unknown

HI M 2018-04-24 2018-08-28 1392 126 35

LP M 2018-04-29 2018-08-23 2378 116 32

GB M 2018-05-07 2018-08-12 463 97 27

GR M 2018-05-09 2018-08-28 1900 111 30

GT M 2018-05-17 2018-08-03 992 78 21

http://www.movebank.org
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2.3   |   Environmental Variables

We downloaded ECWMF ERA5 reanalysis near surface tem-
perature (2 m) and precipitation/rainfall data (European Centre 
for Midrange Weather Forecast, https://​www.​ecmwf.​int/​) for 
the larger region around Navarino Island (lonmax = −68.65, lon-
min = −66.85, latmin = −54.08, latmin = −55.58) and for February 
to June (post-breeding departure period) and July to November 
(pre-breeding arrival period). Both temperature and rainfall 
data were downloaded for eight time stamps per day (00:00, 
03:00, 06:00, 09:00, 12:00, 15:00, 18:00 and 21:00) and sum-
marised to derive mean daily temperature and the sum of daily 
rainfall. Daily daylength (photoperiod) was calculated using the 
R Package GeoLight (Lisovski et al. 2020).

3   |   Results

3.1   |   Fieldwork

Sixteen of the 60 birds (13 males and 3 females) were recap-
tured during the austral summer seasons 2018/19 (N = 14) and 
2019/20 (N = 2). There were no differences in recapture rates 
between males and females (2 = 0.257, df = 1, p-value = 0.612). 
One male and one female were observed with geolocators, and 
we tried to recapture them with no success. We used play-
backs of pre-recorded Rufous-collared Sparrow's songs and one 
Rufous-collared Sparrow decoy to attract birds to the mist nets. 
Although both males and females actively responded to the play-
back and decoy, it is possible that females remained at a greater 
distance and for a shorter duration, leading to less frequent cap-
tures. Both males and females showed clear signs of breeding 
activity (territorial behaviour and brood patch). All individuals 

where recaptured in the same area where initially captured. 
Data from 5 of the 16 samples could not be downloaded due to 
logger failure. One individual (GX) lost its logger, recordings 
from two birds were incomplete (LA and GY), and two sensors 
(GM, GC) were either faulty or completely obscured by feathers. 
Thus, we based our analyses on 11 (2 females and 9 males) com-
plete and one partial track (Table 1).

3.2   |   Phenology

Birds left the breeding area between 22 March and 17 May 
(57 days; mean: 17 April 2018) (Figure 2a, Table 1). Return dates 
to the breeding ground ranged from 3 August to 5 October 
(64 days; mean: 28 August 2018). Females were the first to depart 
(mean females: 23 March, n = 2; mean males: 24 April, n = 10) 
and had the latest return (mean females: 26 September; mean 
males: 22 August). The time window between the last departure 
and the first return was 77 days.

3.3   |   Environmental Conditions

The photoperiod during the post-breeding departure period 
varied from 12.0 to 8.2 h (22 March to 17 May, Table  1), with 
a difference of 3.4 h. Maximum temperatures within the depar-
ture period (Figure 2) varied from 14.9°C to 4°C (mean: 9.3°C, 
SD: 3.17) and minimum temperatures from 9.4°C and to −2.3°C 
(Mean: 2.4°C, SD: 2.76). The photoperiod during pre-breeding 
arrival ranged between 8.6 h (first arrival in August) and 13.1 h 
light on the last arrival date (registered on October 05th), with a 
difference of 4.5 h. Maximum temperatures ranged from 1.4°C 
to 12°C (mean: 7°C, SD: 2.66) and minimum temperatures from 

FIGURE 2    |    Daily mean temperature (°C) with a smooth line and the amount of daily rainfall (m) within the larger region of the breeding area 
of Isla Navarino (Chile), for the post-breeding departure period (left) and the pre-breeding arrival period (right). The lower coloured points refer to 
individual post-breeding departure and pre-breeding arrival dates (colour scheme is shown in Figure 3b).
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−4°C to 5.3°C (mean: 0°C, SD: 2.22). Both during the post-
breeding departure period and the pre-breeding arrival period, 
rainfall patterns (Figure 2) were highly variable, with a mean 
daily rainfall (within the entire region) of 28 mm and 23 mm, 
respectively (maximum of 242 mm and 247 mm).

3.4   |   Migration

During post-breeding migration in autumn, all birds migrated 
northwards to western Argentina except for one (LL) who re-
sided in eastern Chile (Figure 2b, Table 1). Migration distance 
between the breeding and non-breeding grounds ranged from 
approximately 450 to 2500 km. Two males (GB, LC) remained 
in close proximity to the breeding area in southern Argentina 
north of Tierra del Fuego. All others migrated at least 1000 km 
north but settled within a large latitudinal (51.2° S–31.9° S) and 
along a relatively narrow longitudinal range (71.0° –66.5° W) 
east of the Andes and far from the coast of the Atlantic ocean. 
The two females (LL and LB) resided in the upper half of the 
northerly range (Figure 3b).

4   |   Discussion

In this study, we investigated the migratory patterns of Rufous-
collared Sparrows breeding in southern Chile. We observed 
broad differences in the migratory phenology and migration 
patterns among individuals. Our results indicate a large interin-
dividual range of migration distances in this species, similar to 
those reported for its congener, the White-crowned Sparrow in 
North America (Lisovski et al. 2019).

Although the breeding grounds are in the most austral latitude 
for this species, the lower seasonality, compared to the breeding 
locations for White-crowned Sparrows in the northern hemi-
sphere (which breeds at higher latitude), may explain the high 
variation of post-breeding departure dates (Lisovski et al. 2019). 
Furthermore, the White-crested Elaenia, a sympatric long-
distance migrant that also breeds at the same latitude, exhibits 
a similar variation in departure dates (49 days) (Jara et al. 2024). 
The high variation of departure dates of the Rufous-collared 
Sparrow and the environmental seasonality of Navarino Island 
suggested that photoperiod, temperature, and rainfall are not 
so determinant cues for migration timing, or at least not for all 
individuals. Nonetheless, the temporal window during which 
Rufous-collared Sparrows were outside Navarino island, with 
a photoperiod below 8 h and mean temperatures below 0°C, 
suggested both are limiting factors for this population. In other 
words, local and regional weather conditions may not provide 
proximate cues for departure but do provide ultimate causation 
for moving north in autumn and winter. What explains such 
variation in post-breeding departure dates (and arrival dates) 
remains unknown.

Migration routes were mainly parallel to the east side of the 
Andes Mountain range. The local variation of non-breeding 
ground locations among the individuals and migration dis-
tances may be attributed to the homogeneity of the Patagonian 
steppe Ecoregion (i.e., the Patagonian phytogeographic prov-
ince) (Bisigato and Bertiller  2020) within the temperate 

grassland, savannas, and shrublands biomes. The climate of 
the Patagonian steppe is semiarid cool in the Köppen climate 
system (Geiger, 1954, Coronato 2020). It encompasses the area 
where most of the individuals arrived at the end of outbound 
migration. Only three individuals used different habitats, one in 
the Andes Mountain range and two in the south, close to Tierra 
del Fuego Island, in the southern limit of the Patagonian steppe 
Ecoregion. Unfortunately, precise habitat choice cannot be in-
ferred due to the low accuracy of the locations.

The migration patterns of the Rufous-collared Sparrow ex-
hibit similarities and differences to those of the White-crested 
Elaenias breeding on Navarino Island. Both species have a 
large range of departure dates from the breeding ground (Jara 
et al. 2024). However, White-crested Elaenias leave Navarino on 
average almost 2 months before the sparrows (Jara et al. 2024). 
Finally, sparrows return to the breeding ground approximately 
2 months before the White-crested Elaenias do (28 August vs. 30 
October) (Jara et al. 2024).

As in most birds, moult may restrict the timing of breeding and 
migration; therefore, it could constrain migration phenology. In 
Navarino island, the Rufous-collared Sparrows pre-alternate 
(DPB) and pre-formative (FPF) moults take place on the breed-
ing grounds (data from the Long Term Bird Monitoring Program 
at Ethnobotanical Omora Park). However, it is not possible to 
discount that some individuals may be in active moult during 
post-breeding migration, or even complete their moult in the 
wintering area, although in general, migratory birds mostly 
avoid overlapping life history stages due to very high energetic 
demands that would accrue (Wingfield 2007). On the contrary, 
White-crested Elaenias moult on the wintering grounds, which 
probably allows for an earlier departure from Navarino island 
while avoiding overlap of pre-basic moult and migration.

Interestingly, there seems to be a temporal correlation between 
post-breeding departure and pre-breeding arrival, with earlier 
departing birds arriving also later during the pre-breeding ar-
rival period (Figure  3a). While this seems independent of the 
wintering sites and the distance, the two females departed first 
and arrived latest, thus spending considerably less time on the 
breeding site compared to the tracked males. In combination 
with the largest migration distance in one of the females (LB) 
and the other female also overwintering in the northern half of 
the detected range, we might speculate that this population of 
Rufous-collared Sparrows expresses some degree of differential 
migration between sexes, as seen in closely related species in the 
northern hemisphere (Ketterson and Nolan 1983). Yet, this pat-
tern would need confirmation with a larger sample size with a 
higher proportion of female tracks.

In conclusion, the Rufous-collared Sparrow population from the 
southernmost tip of South America shows high variation in its 
migration phenology, suggesting an association with the high 
variation in individual responses to seasonal changes and en-
vironmental conditions such as photoperiod, temperature, and 
rainfall, possibly mediated by the low-temperature seasonality 
when compared with northern bird species inhabiting similar 
latitudes (Lisovski et al. 2017). Therefore, future studies will be 
needed to explore the possible differences between sexes, ages, 
body conditions, and reproductive status in more detail.
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