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Abstract ∙ We studied seasonal variation in a community of birds inhabiting a forest–steppe ecotone of north Patagonia. We analyzed chang-
es in species richness, species composition and total abundance, and, at the species level, we evaluated differences in breeding and molting 
seasonality. The bird assemblage showed a low seasonal variation in richness and total abundance, but a great change in species composition 
between spring–summer and fall–winter. The change in species composition did not lead to changes in richness and total abundance, due to 
the presence of abundant species that visit the area in different seasons. At the species level, resident birds and short distance migrants 
tended to begin breeding earlier than long distance migrants, and those bird species began to molt body and flight feathers after breeding. 
Therefore, we found a low overlap between these two energetically demanding activities. Elaenia albiceps, the only long-distance migrant 
species, did not molt body and flight feathers in our study area. Our results highlight the importance of bird movements in response to sea-
sonal variations in the availability of resources, which promote migration or local displacements of birds. 
 
Resumen ∙ Cambios estacionales en los ensambles de aves en un ecotono bosque–estepa del norte de Patagonia 
Estudiamos las variaciones estacionales en una comunidad de aves que habitan el ecotono bosque-estepa del norte de Patagonia. Analiza-
mos los cambios en la riqueza de especies, la composición de especies y la abundancia total, y a nivel de las especies, evaluamos las diferen-
cias en la estacionalidad reproductiva y de muda. El ensamble de aves mostró pocas variaciones estacionales en la riqueza y abundancia 
total, pero un notable cambio en la composición de especies entre la primavera–verano y el otoño–invierno. El cambio en la composición de 
especies no promovió variaciones estacionales en la riqueza y la abundancia total, debido a la presencia de especies abundantes que visitan 
el área en las diferentes estaciones. A nivel de las especies, las aves residentes y migrantes de corta distancia tendieron a comenzar la repro-
ducción antes que las migrantes de larga distancia, y aquellas especies de aves comenzaron la muda de plumas del cuerpo y del ala al finali-
zar la reproducción. Por lo cual encontramos una baja superposición de estas dos demandantes actividades. Elaenia albiceps, la única espe-
cie migradora de larga distancia, no presentó muda corporal o del plumaje de vuelo en nuestra área de estudio. Nuestros resultados remar-
can la importancia del movimiento de las aves en respuesta a las variaciones en la disponibilidad de recursos, que promueven la migración o 
el desplazamiento local de las aves. 
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INTRODUCTION 
 
Seasonal changes in the richness and abundance of bird species assemblages are characteristic of temperate forests (Wiens 
1989), in part because some species migrate to avoid harsh climate conditions and reduced food supply during winter months 
(Newton 2008). In temperate regions of South America, several studies have been conducted on the seasonality of bird assem-
blages (e.g., Capurro & Bucher 1986, Marone 1992, Rozzi et al. 1996, Cueto & Lopez de Casenave 2000, Becerra & Grigera 
2005, Ippi et al. 2009, Kelt et al. 2012), showing different patterns of seasonal changes, independent of geographic location. In 
the Chaco Forest (Capurro & Bucher 1986), Monte Desert (Marone 1992), Chilean Mediterranean Scrublands (Kelt et al. 2012) 
and northern Patagonian Forest (Rozzi et al. 1996, Becerra & Grigera 2005), richness values were lower during autumn–winter 
than in spring–summer, because several species left the area during the colder season. Conversely, in Chilean southernmost 
Patagonian forest (Ippi et al. 2009) and in the Argentinean Coastal Woodlands (Cueto & Lopez de Casenave 2000) there was 
little variation in richness, because bird assemblages were composed by few migrant species. Although bird migration in South 
America is not considered to be as common as it is in the North Hemisphere (Elphick 2007), those studies on avian seasonality 
have shown the importance of migratory species in the structure of avian assemblages across different South American ecosys-
tems. 

General aspects about the origin and biogeography of birds inhabiting Patagonian forests are well known (Vuilleumier 
1985). Also, there was an increase in the number of studies on bird communities in different forest types (Rozzi et al. 1996, 

SEASONAL CHANGES IN BIRD ASSEMBLAGES OF A FOREST-STEPPE ECOTONE IN NORTH 
PATAGONIA 

Receipt 15 January 2018 ∙ First decision 12 April 2018 ∙ Acceptance 10 December 2018 ∙ 14 December 2018 
Communicated by Juan Pablo Isaach © Neotropical Ornithological Society 

349 



ORNITOLOGÍA NEOTROPICAL (2018) 29:  

350  

 

Becerra & Grigera 2005, Grigera & Pavic 2007, Lantschner et 
al. 2008, Ippi et al. 2009). However, life-history aspects of 
bird species have been less studied. For example, despite 
previous studies on patterns of feather molt in the tropics of 
South America (e.g., Marini & Durães 2001, Ryder & Wolfe 
2009, Silveira & Marini 2012, Jahn et al. 2016), almost noth-
ing is known about this aspect in bird species of the Patago-
nian forest. Here, we evaluate seasonal variations in rich-
ness, species composition and total abundance at communi-
ty level, and differences in breeding and molting seasonality 
at the species level in a forest–steppe ecotone of North Pata-
gonia. Considering the climate seasonality in Patagonia, with 
harsher weather conditions during fall–winter than spring–
summer, we expect lower richness and total abundance, and 
no breeding and molting activity during autumn and winter.  
 
METHODS 
 
Study site. We conducted our study at Cañadón Florido 
Ranch (42°55´S, 71°21´W), Chubut Province, Argentina. The 
vegetation of the area corresponds to the Valdivian Forest 
Province of the Andean Region (Morrone 2001). We studied 
bird assemblages in a forest dominated by Maytenus boaria 
(Celastraceae) trees, commonly called Maitenales (Dimitri 
1972). This forest is common in valleys and slope of hills in 
the eastern portion of Patagonian forest in Chubut Province, 
and forms part of the ecotone between the forest and the 
steppe (Kitzberger 2012). The forest canopy is low, averaging 
a height of 5 m. The understory is mainly dominated by Ber-
beris microphylla (Berberidaceae) shrubs. The climate is 
characterized by cold and wet winters and mild but dry sum-
mers. Most precipitation falls as rain and snow during fall 
and winter (April–September). Annual mean precipitation in 

the region is 484 mm. Summer and winter mean tempera-
tures are 17° and 2.5°C, respectively. 
 
Bird surveys. We caught birds with mist nets within a 20-ha 
plot (Figure 1) from October 2015 to March 2017. Nets were 
12 m long with a 38 mm mesh size and were opened for 4–5 
h after sunrise. We set two groups of 10 nets within the plot. 
Each group was set in different forest patches, 200 m apart 
(Figure 1). Nets within each group were set 50 to 70 m apart 
and opened at least once per month. The order of net group 
sampling was set randomly, with 10 or 15 days between 
sampling events, depending on weather conditions (i.e., 
avoiding rainy or windy days). Due to adverse weather condi-
tions, we sampled birds only once during June 2016 and Feb-
ruary 2017, and, because of logistic problems, we did not 
sample birds during April and July 2016. Our sampling effort 
consisted of 49 net-days with 2469 net-hours (see Table 1 for 
details). 

We banded all birds with numbered aluminum leg bands 
and took five morphological measurements: body mass, wing 
length, tail length, tarsus length, and bill length (from the 
anterior end of the nostril to the bill tip). We used a digital 
scale (± 0.1 g) to record body mass, a wing ruler (± 1 mm) for 
wing and tail measurements, and a digital caliper (± 0.01 
mm) for tarsus and bill measurements. We scored body molt 
intensity on a 5-point scale, from none to heavy (none = no 
feathers molting; trace = few feathers molting; light = involv-
ing more than one feather tract; medium = half of body 
feathers molting; heavy = most/all body feathers molting; 
Ralph et al. 1993). We scored molt of remiges by noting 
which primary feather and secondary feather was molting on 
each wing (Ralph et al. 1993). When classifying flight feather 
molt, we excluded birds with adventitious molt, following 

 

Figure 1. Study site map showing the forest areas (in grey) at Cañadón Florido Ranch, Chubut Province, Argentina. The two ellipses indicate 
the zone where mist nets were installed in the area.  
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Species Family Resident status Abundance (%) 
2015 

Oct Nov Dec 

Elaenia albiceps Tyrannidae Spr–Sum 36.7 — 11.9 20.1 

Zonotrichia capensis choraules Emberizidae Resident 
15.8* 

1.8 0.2 1.4 

Zonotrichia capensis australis Emberizidae Fall–Win — — 0.3 

Turdus falcklandii Turdidae Resident 13.8 6.7 3.7 6.4 

Phrygilus patagonicus Thraupidae Resident 6.3 4.7 1.7 2.0 

Spinus barbatus Fringillidae Resident 4.7 5.8 5.0 2.3 

Anairetes parulus Tyrannidae Resident 3.5 1.4 1.2 2.9 

Phytotoma rara Cotingidae Spr–Sum 3.3 2.0 — — 

Diuca diuca Thraupidae Spr–Sum 2.0 1.3 2.4 1.5 

Asthenes pyrrholeuca Furnariidae Spr–Sum 2.0 3.0 0.9 1.1 

Troglodytes aedon Troglodytidae Spr–Sum 1.7 — 1.9 1.8 

Xolmis pyrope Tyrannidae Resident 1.5 — 0.6 1.3 

Phrygilus gayi Thraupidae Spr–Sum 1.1 5.7 2.2 1.5 

Leptasthenura aegithaloides Furnariidae Resident 1.1 0.7 0.5 0.2 

Colorhamphus parvirostris Tyrannidae Fall–Win 1.0 — — — 

Callipepla californica† Odontophoridae Resident 1.0 — — — 

Zenaida auriculata Columbidae Resident 0.8 — 1.7 1.3 

Colaptes pitius Picidae Resident 0.8 — 0.8 0.5 

Upucerthia saturatior Furnariidae Resident 0.8 0.7 0.8 0.2 

Curaeus curaeus Icteridae Resident 0.7 — 0.4 0.8 

Sephanoides sephaniodes Trochilidae Fall–Win 0.7 — — — 

Mimus patagonicus Mimidae Fall–Win 0.5 — — — 

Aphrastura spinicauda Furnariidae Resident 0.3 0.7 — — 

Sturnella loyca Icteridae Resident 0.1 — 1.2 — 

Agriornis lividus Tyrannidae Resident 0.1 — — — 

Molothrus bonariensis Icteridae Spr–Sum 0.1 — — 0.7 

Number of sampling days    3 7 6 

Net hours of sampling   160 346 315 

Wolfe et al. (2010), who considered symmetrical molt of the 
first primary feather to indicate the start of a molt cycle. 
Thus, we classified birds as being in remex molt when they 
were molting at least one primary feather on each wing. We 
scored the level of brood patch development on a 5-point 
scale (0 = no patch; 1 = smooth; 2 = vascularized; 3 = wrin-
kled; 4 = molting; Ralph et al. 1993). We scored development 
of the cloacal protuberance on a 4–point scale (0 = none; 1 = 
small, 2 = medium; 3 = large; Ralph et al. 1993). We deter-
mined sex of each individual based on characteristics of the 
plumage (Canevari et al. 1992), morphological differences 
(e.g., Cueto et al. 2015, Pyle et al. 2015), or the presence of a 
brood patch for females and a cloacal protuberance for 
males of species with sexually monomorphic plumage. 
 
Climate patterns. To assess the potential effect of climate on 
bird assemblage seasonality, we analyzed monthly variations 
on temperature and precipitation at the nearest weather 
station to our study site. Data were available from the 
weather station “Río Percy” (42°5´S, 71°25´W, belonging to 

Hidroeléctrica Futaleufú), located at 9 km from Cañadón 
Florido Ranch. We considered only mean temperature, be-
cause maximum mean temperature and minimum mean 
temperature were strongly correlated with this variable (r = 
0.97 and 0.96, respectively). 
 
Data analysis. Abundance of each species was estimated 
using capture rate as the number of captures per 100 net-
hours (Karr 1981). Although mist net sampling could un-
derrepresent species richness because of a lower probability 
to capture canopy species (Mallory et al. 2004), we consid-
ered that our estimation of richness is unbiased. First, the 
canopy height of the woodlands in our study area is around 5 
m and our nets have a height of 3 m. Second, we have been 
working in the study area since November 2013 (see Bravo 
et al. 2017), and every time we visited the area, we recorded 
all bird species observed or heard. With the exception of 
raptors (e.g., Milvago chimango, Polyborus plancus, Bubo 
magellanicus) and bird species common in open habitats 
(e.g., Hymenops perspicillatus, Lessonia rufa, Muscisaxicola 

Table 1. Monthly abundance (individuals captured per 100 net hours) for each bird species captured during the 2015–2017 period in a  
forest–steppe ecotone at Cañadón Florido Ranch, Chubut Province, Argentina. For ‘Resident status’, ‘Spr-Sum’ indicates species that visit 
Cañadón Florido in spring–summer and ‘Fall-Win’ during fall–winter months. Species are listed in order of their percent contribution to aver-
age total abundance during the study period. The symbol “—” denotes zero individuals captured. * percentage corresponds to both subspe-
cies of Zonotrichia capensis in each month. † Introduced species from North America. 
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macloviana), we captured all species that we had recorded in 
the forest of our study area. Third, the species lists we rec-
orded are similar to others reported in studies of the eastern 
zone of north Patagonian forests (e.g., Ralph 1985, Grigera & 
Pavic 2007). 

Assemblage structure was evaluated through seasonal 
changes in total abundance, species richness and species 
composition. Total abundance was the sum of all new indi-
viduals captured each month (i.e., we did not include recap-
tured individuals during each month, but were considered 
when recaptured between months). Richness was estimated 
as the number of species captured each month. Species com-
position variation among months was evaluated through 
Cluster Analysis (with the statistical program InfoStat 2009). 
Months were classified based on the abundance of the spe-
cies, using the Bray–Curtis dissimilarity index, and the den-
drogram was constructed with the UPGMA algorithm 
(Sneath & Sokal 1973). We used the Cophenetic Correlation 
Coefficient to measure the agreement between the dendro-
gram and the original dissimilarity matrix (Sneath & Sokal, 
1973). To determine the level of dissimilarity defining groups 
in the dendrogram, we considered the criteria of mean dis-
similarity among all month pairs (i.e., the average of all val-
ues in the original dissimilarity matrix; e.g., Holmes, 1981). In 

our Cluster Analysis we obtained a high Cophenetic Correla-
tion Coefficients (r = 0.79) indicating that the dendrogram is 
an accurate representation of the structure of the original 
dissimilarity matrices.  

Seasonality in richness and total abundance were evalu-
ated through correlation analysis with monthly variations in 
temperature and precipitation, using Pearson Correlation 
tests. 

Actively breeding birds were identified by presence of a 
smooth or vascularized brood patch in females or a small, 
medium, or large cloacal protuberance in males. At the as-
semblage level, we estimated the average percentage of 
females and males of all species actively breeding in each 
month, and the average percentage of individuals of all spe-
cies molting body and wing feathers in each month. We esti-
mated the average abundance of females and males of each 
species actively breeding in each month, and the average 
abundance of individuals of each species molting body and 
wing feathers in each month. 
 
RESULTS 
 
In total, we captured 25 species and banded 969 individuals 
(Table 1). Little seasonal variation was evident in richness 

 1 

Species 
2016 2017 

Jan Feb Mar May Jun Ago Sep Oct Nov Dec Jan Feb Mar 

Elaenia albiceps 36.2 51.7 6.5 — — — — 1.3 9.1 37.9 83.1 107.0 8.8 

Zonotrichia capensis choraules 1.0 4.5 14.2 24.0 1.8 3.3 — 2.2 2.0 1.5 — 9.3 3.1 

Zonotrichia capensis australis — — 7.8 48.0 9.1 8.9 0.7 1.3 — 0.5 — — 12.5 

Turdus falcklandii 2.9 3.9 15.1 3.0 1.8 1.5 21.1 2.5 2.7 11.7 32.9 14.0 30.3 

Phrygilus patagonicus — — — 12.0 9.1 6.5 0.8 9.5 1.4 1.9 6.7 4.7 — 

Spinus barbatus 0.7 — 1.9 1.0 — — — 8.7 13.9 5.2 — — 1.4 

Anairetes parulus 0.5 1.0 3.3 2.0 5.5 4.7 — 0.8 1.3 2.3 4.1 — 4.6 

Phytotoma rara 1.3 1.1 0.8 — — — — 3.0 4.1 1.4 0.7 18.6 — 

Diuca diuca 1.3 0.6 3.8 — — 0.7 — — 7.7 0.5 — — — 

Asthenes pyrrholeuca 1.9 — — — — — — 1.7 5.0 6.2 — — — 

Troglodytes aedon 4.6 0.6 1.0 — — — — — 1.3 1.9 0.7 — 3.1 

Xolmis pyrope 2.7 — — 2.0 — 2.7 0.6 1.5 3.2 — 0.7 — — 

Phrygilus gayi 0.7 — — — — — — — — 1.0 — — — 

Leptasthenura aegithaloides 1.4 1.1 0.8 — 3.6 0.6 — 0.7 — 0.5 0.7 — — 

Colorhamphus parvirostris — — — 4.0 1.8 4.0 0.4 — — — — — — 

Callipepla californica† — — 5.2 — — — 0.8 — 0.7 — — — 2.9 

Zenaida auriculata 0.8 0.6 — — — — — 0.8 1.4 1.8 — — — 

Colaptes pitius — — 1.9 1.0 1.8 0.7 — — 0.7 0.5 — — — 

Upucerthia saturatior — — — — — — 0.4 — 0.7 — — 4.7 — 

Curaeus curaeus 0.5 — — — — 1.5 — — 0.7 — 3.3 — — 

Sephanoides sephaniodes — — — 1.0 3.6 1.2 0.8 — — — — — — 

Mimus patagonicus — — — — 5.5 — — — — — — — — 

Aphrastura spinicauda — 0.6 — — — 1.2 0.4 — — — — — — 

Sturnella loyca — — — — — — — — — — — — — 

Agriornis lividus — — — 1.0 — — — — — — — — — 

Molothrus bonariensis — — — — — — — — — 0.5 — — — 

Number of sampling days 4 3 3 2 1 3 4 3 2 3 2 1 2 

Net hours of sampling 149 125 107 100 55 143 278 240 110 180 85 23 51 

Table 1. Continuation. 
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and total abundance, although climate showed a seasonal 
pattern, with lower temperatures during fall and winter, and 
higher precipitations in winter (Figure 2). Richness was high-
er in spring (October, November, and December), but there 
were few changes during the other seasons (Figure 2b). Total 
abundance did not show clear seasonal patterns (Figure 2c), 
the lowest value was recorded in September, and during 
January and February of 2017 there was an abrupt increase, 
with more than twice the abundance recorded during the 
same months of summer 2016 (Figure 2c). Richness was  
not correlated with monthly variations in temperature and 
precipitation (r = 0.21, P = 0.43, n = 16 and r = -0.29, P = 0.27, 
n = 16, respectively). Total abundance was not correlated 
with temperature and precipitation variation either (r = 0.40, 
P = 0.13, n = 16 and r = 0.01, P = 0.97, n = 16, respectively).  
In contrast, species composition showed seasonal variation. 
Mean dissimilarity among months based on species abun-
dance distinguished three groups in the dendrogram (Figure 
3). One group was constituted by spring–summer months, 
the second group by winter months, and a third group 
formed by March and September, i.e., transitional months 
from summer to autumn (March) and from winter to spring 
(September). The spring–summer group was mainly com-
posed by Elaenia albiceps, Phytotoma rara, Diuca diuca, As-
thenes pyrrholeuca, and Troglodytes aedon, and the winter 
group by Zonotrichia capensis, Colorhamphus parvirostris, 
and Sephanoides sephaniodes (Table 1). The transitional 

group was mainly characterized by the high abundance of 
Turdus falcklandii (Table 1). 

More than 35% of all captured individuals were Elaenia 
albiceps (Table 1). This migratory species began to be cap-
tured during the last days of October, with captures through 
March (Table 1). During the second summer, we had a higher 
capture rate of Elaenia albiceps in January and February 
2017 than in 2016 (Table 1). The second most abundant spe-
cies was Zonotrichia capensis with more than 15% of all cap-
tured individuals (Table 1). We captured two subspecies: Z. 
capensis choraules and Z. capensis australis (we identified 
these two subspecies based on the pattern of their head 
plumage: Z. capensis choraules with thin lateral crown-
stripes [1–2mm wide] and Z. capensis australis without black 
lateral crown-stripes, for more detailed description see Piloni 
2002, Ortiz & Capllonch 2011). The former was present all 
year-round, although more abundant during fall (mainly in 
May, Table 1), while the latter was abundant during fall and 
winter months (Table 1). The other two most abundant spe-
cies were Turdus falcklandii and Phrygilus patagonicus (Table 
1), and both were present year-round. In summary, these 
four species represent more than 70% of the annual average 
total abundance in the bird assemblage. 

There were another five species present only during 
spring–summer and three during fall–winter. Spring–summer 
visitors were Phytotoma rara, Diuca diuca, Asthenes pyrrho-
leuca, Troglodytes aedon, and Phrygilus gayi, and fall–winter 

 

Figure 2. Monthly changes in mean temperature (solid line) and precipitation (dashed line) (a), richness (b) and total abundance (individuals 
captured per 100 net hours, bars indicate ± 1 standard error) (c) in a forest–steppe ecotone at Cañadón Florido Ranch, Chubut Province,  
Argentina. 
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visitors were Colorhamphus parvirostris, Sephanoides se-
phaniodes, and Mimus patagonicus (Table 1). The rest of the 
species were present year-round or had no clear seasonal 
pattern. For example, Spinus barbatus was very abundant 
only during spring, and was scarce in summer and fall and 
absent during winter (Table 1). 

The breeding season lasted from September to March 
(Table 2). Males were the first individuals captured in breed-
ing condition. The earliest case was a Turdus falckandii male 
captured in September showing enlarged cloacal protuber-
ance (Table 2). Males in breeding condition of the other spe-
cies began to be captured in October (Table 2), with the ex-
ception of Elaenia albiceps, Diuca diuca, and Troglodytes 
aedon males, whose first captures began in November (Table 
2). Females in breeding condition were captured beginning in 
November, but Elaenia albiceps and Diuca diuca females in 
breeding condition were first captured in December and Jan-
uary, respectively (Table 2). 

Even though almost all species began molting body and 
wing feathers during the summer months (mainly in Febru-
ary and March, Table 3), we recorded Zenaida auriculata, 
and Xolmis pyrope molting feathers in November and De-
cember, respectively (Table 3). Two migrant species, Troglo-
dytes aedon, and Diuca diuca molted body and wing feathers 
(Table 3), but we did not capture any Elaenia albiceps 
molting. 

There was little overlap between breeding and molting 
events, only 4.5 % of individuals in breeding condition were 
simultaneously molting body and/or wing feathers. The per-
centage of breeding females was higher in December and 
January, while there was a similar percentage of breeding 
males from October to February (Figure 4). In contrast, the 
highest percentage of individuals molting body and wing 
feathers was in March (Figure 4). 

DISCUSSION 
 
There was no seasonal variation in richness and total abun-
dance in the bird assemblage at Cañadón Florido, contrary to 
our expectation given the climatic seasonality in this temper-
ate zone of South America. Our results contrast with season-
al patterns of community parameters in temperate forests of 
Patagonia at the same latitude of our study site (i.e., lower 
richness and bird abundance during autumn–winter than in 
spring–summer; Rozzi et al. 1996), but are similar to that 
reported for the most southern forest of South America (Ippi 
et al. 2009). These contrasting results could be related to 
differences in location, forest composition, climatic condi-
tions and bird assemblage composition. For example, in the 
southern forests of Chile one third of the bird assemblage 
was composed by migratory species (Ippi et al. 2009), but 
about a half of the species in forests further north in Chile 
were found to be migrants (Jaksic & Feinsinger 1991). In our 
study site, a forest-steppe ecotone of North Patagonia, 42 % 
of the species are migrants, but there are seven species that 
visit the zone during spring–summer and four that are pre-
sent in fall–winter. This seasonal turnover of species that 
visit Cañadón Florido results in low seasonal variation of rich-
ness and total abundance. Also, the species turnover in this 
bird assemblage at Cañadón Florido could be the reason of 
the lack of correlation between precipitation and tempera-
ture with bird richness and total abundance. 

Visitors during fall–winter could be a result of the dis-
placement of several species from mountain forests or from 
the steppe. For example, Rozzi et al. (1996) suggested that 
Sephanoides sephaniodes moves to lowland forest in winter, 
and in our study area we captured Mimus patagonicus, 
which is common in the steppe (Llanos et al. 2017). Moreo-
ver, the presence of Colorhamphus parvirostris during fall–

 

Figure 3. Cluster Analysis based on bird species abundance from a forest–steppe ecotone at Cañadón Florido Ranch, Chubut Province, Argen-
tina, showing month groups. Dashed line indicates mean dissimilarity among all month pairs. 
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Species Sex Sep Oct Nov Dec Jan Feb Mar 

Elaenia albiceps Female 
Male 

— 
— 

— 
— 

— 
2.6 

1.2 
6.9 

5.0 
16.3 

4.7 
20.9 

0.5 
— 

Zonotrichia capensis choraules Female 
Male 

— 
— 

— 
1.5 

— 
0.6 

0.4 
0.4 

— 
— 

— 
— 

— 
— 

Zonotrichia capensis australis Female 
Male 

— 
— 

— 
0.8 

— 
— 

0.4 
0.4 

— 
— 

— 
— 

— 
— 

Turdus falcklandii Female 
Male 

— 
0.2 

— 
2.7 

0.1 
1.2 

1.9 
2.9 

1.8 
0.9 

— 
— 

0.5 
1.4 

Phrygilus patagonicus Female 
Male 

— 
— 

— 
3.3 

— 
1.3 

1.2 
0.8 

0.3 
0.3 

— 
— 

— 
— 

Spinus barbatus Female 
Male 

— 
— 

— 
3.6 

1.3 
5.1 

1.0 
1.4 

0.6 
— 

— 
— 

— 
— 

Anairetes parulus Female 
Male 

— 
— 

0.3 
0.7 

— 
0.7 

0.3 
0.3 

0.3 
— 

— 
— 

— 
— 

Phytotoma rara Female 
Male 

— 
— 

— 
0.8 

0.5 
0.5 

— 
0.6 

— 
0.6 

— 
2.3 

— 
— 

Diuca diuca Female 
Male 

— 
— 

— 
— 

— 
4.5 

— 
0.5 

0.3 
— 

— 
— 

— 
— 

Asthenes pyrrholeuca Female 
Male 

— 
— 

— 
0.9 

0.1 
1.3 

1.8 
0.9 

— 
— 

— 
— 

— 
— 

Troglodytes aedon Female 
Male 

— 
— 

— 
— 

1.4 
0.9 

0.2 
0.9 

— 
0.6 

— 
2.3 

— 
— 

Xolmis pyrope Female 
Male 

— 
— 

— 
0.4 

0.7 
0.9 

0.2 
0.3 

1.3 
— 

— 
2.3 

— 
— 

Phrygilus gayi Female 
Male 

— 
— 

— 
0.6 

— 
0.9 

0.3 
0.9 

0.3 
— 

— 
— 

— 
— 

Leptasthenura aegithaloides Female 
Male 

— 
— 

— 
0.3 

0.1 
— 

0.4 
— 

0.7 
— 

— 
— 

— 
— 

Upucerthia saturatior Female 
Male 

— 
— 

0.3 
— 

0.7 
— 

0.2 
— 

— 
— 

— 
2.3 

— 
— 

Curaeus curaeus Female 
Male 

— 
— 

— 
— 

0.1 
0.5 

0.3 
0.2 

0.3 
0.6 

— 
— 

— 
— 

Aphrastura spinicauda Female 
Male 

— 
— 

— 
0.3 

— 
— 

— 
— 

— 
— 

— 
— 

— 
— 

 1 
winter could be related to movements from higher altitude 
forests, similar to the displacement patterns of Sephanoides 
sephaniodes. Colorhamphus parvirostris is a partial migrant 
that has a year-round presence in the northern portion of its 
breeding distribution (Chesser & Marin 1994). Another par-
tial migrant that visits our study site during fall–winter is Z. 
capensis australis. A similar pattern was recorded by Keve & 
Kovács (1971) for this subspecies in localities near El Bolsón 
and Bariloche (Argentina). Zonotrichica capensis australis 
breeds mainly in southern Argentina and Chile (King 1974, 
Piloni 2002, Ortiz & Capllonch 2011), and moves to northern 
latitudes in winter (Ortiz & Capllonch 2011, Sagario et al. 
2014). During May, we had a high capture rate of this sub-
species, but during the following fall and winter months its 
capture rate was low. Thus, these birds could be on passage 
migration to lower latitudes in May. During spring and sum-
mer, we captured very few individuals of this subspecies in 
breeding condition, so at least a small population of this sub-
species potentially breeds at our study site. During spring, 
there is a strong change in species composition due to the 

departure of winter visitors and then arrival of long-and 
short-distance migrants, as Elaenia albiceps (a long-distance 
migrant; Bravo et al. 2017), Phytotoma rara, Diuca diuca, 
Asthenes pyrrholeuca, and Troglodytes aedon (short-distance 
migrants; Joseph 1996). 

Total bird abundance did not show strong seasonal 
changes because it was compensated by spring–summer and 
fall–winter visitors. During spring and summer, Elaenia albi-
ceps was the most abundant species in the Maitenal forest at 
Cañadón Florido ranch. This species arrived during the last 
weeks of October and the last individuals were captured in 
late March. Its high abundance during those months is also 
common in the eastern and western forests of Patagonia 
(e.g., Ralph 1985, Grigera et al. 1994, Rozzi et al. 1996, Jimé-
nez 2000, Ippi et al. 2009). During fall and winter, two sub-
species of Zonotrichia capensis were the most abundant, and 
their high capture rates compensated the reduction in abun-
dance due to departure of spring–summer visitors. Zono-
trichia capensis choraules was resident all year-round, but its 
high capture rate was between March and August, and dur-

Table 2. Average monthly abundance (individuals captured per 100 net-hours) of females and males in breeding condition across bird spe-
cies in a forest–steppe ecotone at Cañadón Florido Ranch, Chubut Province, Argentina. Species are listed following the order in Table 1. The 
symbol “—” denotes zero individuals captured in breeding conditions. 
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ing the same months the partial migrant Z. capensis australis 
was also very abundant. Zonotrichia capensis choraules is 
resident in other localities of northern Patagonia (Keve & 
Kovács 1971), and both subspecies form flocks of hundreds 
of individuals during fall–winter in northern Patagonia (Keve 
& Kovács 1971) and in the region of the Monte desert 
(Sagario et al. 2014, Zarco & Cueto 2017). During the second 
summer of our study (mainly January and February 2017), 
total abundance increased notably. This increase was due to 
a high capture rate of Elaenia albiceps and Turdus falcklandii 
during that summer. Fruit abundance of Berberis microphylla 
and Maytenus boaria was higher in the summer 2017 than 
2016 (CAG & VRC unpubl. data). As Elaenia albiceps and Tur-
dus falcklandii consume large quantities of fruit from those 
plant species (Amico & Aisen 2005), the high abundance of 
fruits could be the reason for their high capture rate during 
the summer 2017.  

Abundance of Molothrus bonariensis was low at Cañadón 
Florido ranch. This species is a generalist brood parasite that 
exerts significant impacts on the breeding success of its hosts 
(Reboreda et al. 2003). We recorded only five nests parasi-
tized by Molothrus bonariensis, out of the 145 nests we 
found of 12 species (CAG unpubl. data). Notably, all parasi-
tized nests were of Diuca diuca. Therefore, at our study site, 
the effect of brood parasitism on breeding success of birds 

could be lower than that reported for northern localities 
(Reboreda et al. 2003). 

Resident birds and short-distance migrants tend to begin 
breeding earlier than long-distance migrants (Murphy 1989). 
At Cañadón Florido, we found the same pattern since Turdus 
falcklandii males were in breeding condition as early as Sep-
tember, and males of the other resident and of several short-
distance migrant species were in breeding condition in Octo-
ber. In contrast, captures of males in breeding condition of 
the long-distance migrant Elaenia albiceps began in Novem-
ber. Females showed the same pattern than males, but 
differed over time. Females of resident and almost all short-
distance migrant species were in breeding condition in No-
vember, but captures of Elaenia albiceps females in breeding 
condition began in December. Similar differences in the be-
ginning of reproduction between resident and long-distance 
migrants were found in species breeding in the Monte desert 
(Mezquida 2002). 

At Cañadón Florido, birds began to molt body and flight 
feathers in the last months of summer, with the exception of 
Elaenia albiceps, which did not molt at our study site. This 
long-distance migrant appears to molt in its wintering areas 
(Pyle et al. 2015). For example, birds molting the outer pri-
maries were captured in Chapada dos Guimarães, Mato 
Grosso, Brazil (Guaraldo, AC pers. comm.). Feather molt is an 

Species Molt Nov Dec Jan Feb Mar 

Zonotrichia capensis choraules Body 
Flight feathers 

— 
— 

— 
— 

— 
— 

1.2 
0.8 

0.9 
0.5 

Zonotrichia capensis australis Body 
Flight feathers 

— 
— 

— 
— 

— 
— 

— 
— 

0.5 
0.9 

Turdus falcklandii Body 
Flight feathers 

— 
— 

— 
— 

— 
2.7 

— 
1.6 

9.6 
5.7 

Phrygilus patagonicus Body 
Flight feathers 

— 
— 

— 
— 

— 
0.6 

2.3 
— 

— 
— 

Spinus barbatus Body 
Flight feathers 

— 
— 

— 
— 

— 
0.6 

— 
— 

— 
— 

Anairetes parulus Body 
Flight feathers 

— 
— 

— 
— 

— 
— 

0.4 
0.4 

3.8 
3.8 

Phytotoma rara Body 
Flight feathers 

— 
— 

— 
— 

0.6 
— 

2.3 
2.3 

0.5 
— 

Diuca diuca Body 
Flight feathers 

— 
— 

— 
— 

— 
— 

0.4 
0.4 

0.9 
1.4 

Troglodytes aedon Body 
Flight feathers 

— 
— 

— 
— 

0.7 
0.7 

— 
— 

0.5 
0.5 

Xolmis pyrope Body 
Flight feathers 

— 
— 

— 
0.2 

— 
— 

— 
— 

— 
— 

Leptasthenura aegithaloides Body 
Flight feathers 

— 
— 

— 
— 

0.3 
— 

— 
— 

0.5 
0.5 

Callipepla californica Body 
Flight feathers 

— 
— 

— 
— 

— 
— 

— 
— 

2.9 
2.4 

Zenaida auriculata Body 
Flight feathers 

— 
0.2 

— 
— 

— 
— 

— 
— 

— 
— 

Upucerthia saturatior Body 
Flight feathers 

— 
— 

— 
— 

— 
— 

2.3 
2.3 

— 
— 

Curaeus curaeus Body 
Flight feathers 

— 
— 

— 
— 

0.6 
0.6 

— 
— 

— 
— 

 1 

Table 3. Average monthly abundance of molting individuals (individuals captured per 100 net-hours) of each bird species in a forest–steppe 
ecotone at Cañadón Florido Ranch, Chubut Province, Argentina. Species are listed following the order in Table 1. The symbol “—” denotes 
zero individuals captured in molting conditions.  
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gía Austral 15: 89–100. 
Becerra, RM & D Grigera (2005) Dinámica estacional del ensamble de 

aves de un bosque norpatagónico de lenga (Nothofagus pumilio) y 
su relación con la disponibilidad de sustratos de alimentación. El 
Hornero 20: 131–139. 

Bravo, SP, VR Cueto & CA Gorosito (2017) Migratory timing, rate, routes 
and wintering areas of White-crested Elaenia (Elaenia albiceps 
chilensis), a key seed disperser for Patagonian forest regeneration. 
PLoS ONE 12(2): e0170188. 

Canevari, M, P Canevari, GR Carrizo, G Harris, J Rodríguez Mata & RJ 
Straneck (1991) Nueva guía de las aves Argentinas. Fundación Acin-
dar, Buenos Aires, Argentina. 

Capurro, HA & EH Bucher (1986) Variación estacional en la comunidad 
de aves del bosque chaqueño de Chamical. Physis 44: 1–6. 

Chesser, RT & M Marín (1994) Seasonal distribution and natural history 
of the Patagonian Tyrant (Colorhamphus parvirostris). Wilson Bulle-
tin 106: 649–667. 

Cueto, VR, SP Bravo, N Trujillo-Arias & GS Cabanne (2015) Sex determi-
nation by morphometry of adult White-crested Elaenia (Elaenia 
albiceps chilensis). Revista Brasileira de Ornitologia 23: 18–24. 

Cueto, VR & J Lopez de Casenave (2000) Seasonal changes in bird as-
semblages of coastal woodlands in east-central Argentina. Studies 
on Neotropical Fauna and Environment 35: 173–177. 

Dimitri, MJ (1972) La región de los bosques Andino-Patagónicos. Sinop-
sis general. Colección Científica del INTA, Buenos Aires, Argentina. 

de Araujo, HFP, AH Vieira-Filho, MR de V Barbosa, JAF Diniz-Filho & JMC 
da Silva (2017) Passerine phenology in the largest tropical dry forest 
of South America: effects of climate and resource availability. Emu 
117: 78–91. 

Elphick, J (2007) The atlas of bird migration: tracing the great journeys 
of the world’s birds. Natural History Museum, London, UK. 

Foster, MS (1974) A model to explain molt-breeding overlap and clutch 
size in some tropical birds. Evolution 28: 182–190. 

Grigera, D & C Pavic (2007) Ensambles de aves en un sitio quemado y en 
un sitio no alterado en un área forestal del noroeste de la Patagonia 
argentina. El Hornero 22: 29–37. 

energetically expensive activity within a bird’s annual cycle 
(Lindström et al. 1993, Murphy 1996). Therefore, it is more 
common that breeding and molting overlap in the tropics 
(Foster 1974, Johnson et al. 2012, de Araujo et al. 2017), 
whereas in temperate zones there is a low overlap between 
these two demanding activities (Jenni & Winkler 1994, Mur-
phy 1996, Jahn et al. 2017). At our study site, we found this 
last pattern, as birds began to molt after breeding and during 
a period of favorable climatic conditions. Hence, at the end 
of the summer, food availability was presumably sufficient 
for birds to pay the energetic cost of molting feathers. 

In summary, the bird assemblage at Cañadón Florido 
showed low seasonality in overall richness and total abun-
dance, because of a turnover in the composition of species 
between spring–summer and fall–winter. These changes 
highlight the importance of bird movements in response to 
seasonal variation in resource availability that promote mi-
gration or local displacements of birds. 
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