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ABSTRACT 
Cavity-nesting bird populations are most frequently limited by the number of tree cavities available in second-growth forests. However, this 
possible limitation of a key resource is less clear in old-growth forests. We compared forest attributes (i.e., basal area, density of larger trees, 
density of dead trees, and tree cavity density) in second-growth and old-growth stands in Andean temperate rainforests in southern Chile. To 
examine the role of nest-site availability in limiting the populations of Aphrastura spinicauda (Thorn-Tailed Rayadito), we monitored their popula-
tions in both forest types during a 5-year period (2008-2013), while we conducted an experiment in which nest boxes were added and then, after 
two years, removed by blocking cavity entrances. In old-growth forests, as compared to second-growth forests, we found a more than double 
basal area (99.6 vs. 43.7 m2 ha−1), a 3 times higher density of larger trees (88.2 vs. 36.4 trees ha−1), and a 1.5 times higher number of small cav-
ities (25.9 vs. 10.3 cavities ha−1). The density of cavities also strongly increased with tree diameter and basal area. In second-growth forests, A. 
spinicauda showed a strong response to the addition, and later to the removal of nest boxes, with population abundance increasing by 13% and 
then decreasing by 50%, respectively. In contrast, we found no impact on old-growth stands. Our experiment emphasizes the importance of 
maintaining large and dead trees in second-growth, disturbed, and managed forests. These trees provide suitable cavities for A. spinicauda, and 
likely many other secondary cavity nesters, increasing their abundance in a Globally significant Biodiversity Hotspot in southern South America. 
A Spanish translation of this manuscript is available as Supplementary Material.
Keywords: Aphrastura spinicauda, Chile, forest management, resource limitation, secondary cavity-nesting birds, temperate rainforests, Thorn-Tailed 
Rayadito
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LAY SUMMARY 
• Cavity availability is considered a limiting factor, potentially regulating the breeding population density of avian cavity nesters.
• We compared forest attributes in second-growth and old-growth stands and assessed the role of nest-site availability in limiting populations of 

Aphrastura spinicauda (Thorn-Tailed Rayaditos) in Andean temperate rainforests in southern Chile.
• We conducted an experiment in which nest boxes were added and removed in both forest types during a 5-year period (2008–2013).
• In old-growth forests compared to second-growth forests, we found 2.3 times higher basal area, 2.4 times higher density of larger trees, and 

a 2.5 times higher number of small cavities.
• In second-growth forests, A. spinicauda populations increased by 13% after the nest box addition, and then decreased by 50% after removal, 

in contrast to no change in old-growth forests.
• Our findings highlight the importance of maintaining larger trees that provide suitable cavities for this species in second-growth forests.
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La densidad de cavidades en árboles es un factor limitante para un ave nidificadora secundaria 
de cavidades en bosques templados andinos de crecimiento secundario

RESUMEN
Las poblaciones de aves que nidifican en cavidades están frecuentemente limitadas por el número de cavidades disponibles en bosques 
de crecimiento secundario. Sin embargo, esta posible limitación de este recurso clave es menos clara en bosques antiguos. Comparamos 
los atributos del bosque (i.e., área basal, densidad de árboles grandes, densidad de árboles muertos y densidad de cavidades de árboles) 
en bosques templados andinos de crecimiento secundario y antiguo del sur de Chile. Para examinar el rol de la disponibilidad de sitios 
de nidificación en la limitación de poblaciones de Aphrastura spinicauda, monitoreamos sus poblaciones en ambos tipos de bosques 
durante un periodo de 5 años (2008-2013), mientras realizamos un experimento en el que se agregaron cajas nido y, luego de dos años, 
se removieron bloqueando la entrada. En los bosques antiguos, en comparación con los bosques de crecimiento secundario, encontramos 
un área basal de más del doble (99.6 vs. 43.7 m2 ha–1), una densidad de árboles grandes tres veces mayor (88.2 vs. 36.4 árboles ha–1) y un 
número de cavidades pequeñas 1.5 veces mayor (25.9 vs. 10.3 cavidades ha–1). La densidad de cavidades también aumentó fuertemente 
con el diámetro de los árboles y el área basal. En los bosques de crecimiento secundario, A. spinicauda mostró una fuerte respuesta a la 
adición y subsecuente eliminación de cajas nido, con un aumento en la abundancia poblacional del 13% y luego una disminución del 50%, 
respectivamente. En contraste, no encontramos impacto en los bosques antiguos. Nuestro experimento enfatiza la importancia de mantener 
árboles grandes y muertos en los bosques de crecimiento secundario, degradados y/o manejados. Estos árboles proporcionan cavidades 
adecuadas para A. spinicauda, y probablemente para muchas otras aves que se reproducen en estas, aumentando sus abundancias en 
un bosque prioritario para la conservación de biodiversidad a nivel mundial en el cono sur de Sudamérica. Una versión en español de este 
manuscrito está disponible como material suplementario.
Palabras clave: Aphrastura spinicauda, bosques templados, Chile, limitación de recursos, manejo forestal, nidicadoras secundarias de cavidades

INTRODUCTION
Cavity-nesting birds form a hierarchically structured com-
munity, which are often categorized as excavators or sec-
ondary cavity nesters (SCN; Martin et al. 2004, Martin and 
Eadie 1999). SCN cannot excavate their own cavities and 
rely on those created by excavators and/or a limited number 
of decay-formed non-excavated cavities (Aitken and Martin 
2007). This community, therefore, depends on a key resource: 
Tree cavities (Newton 1998). Cavity availability is considered 
a primary factor that limits the breeding population density 
of avian cavity nesters (Aitken and Martin 2012, Brawn 
and Balda 1988, Cockle et  al. 2010, Newton 1998, 1994, 
Tomasevic and Estades 2006). While there is strong evidence 
of this limitation in second-growth forests, there is less evi-
dence of it in old-growth forests (Newton 1998). Only 19% 
of studies assessing the limitation in old-growth forests have 
reported ecologically significant changes in the density of 
cavity nesters (Wiebe 2011), and the conclusions of experi-
ments in old-growth forests appear less consistent (Cornelius 
et al. 2008). For example, in the Coconino National Forest 
(Arizona, Brawn and Balda 1988) and old-growth subtrop-
ical forests (Cornelius et al. 2008), no evidence of cavity limi-
tation was found. While these studies improved knowledge 
about the effect of both spatial and temporal cavity avail-
ability on cavity nesters, most cavity limitation evidence is 
still confined to North America and Europe (Newton 1998).

Cavity-nesting birds depend on some particular forest 
structural attributes and are especially sensitive to forest dis-
turbance (Díaz et al. 2005, Martin and Eadie 1999, Vergara 
and Armesto 2009). Reduction of cavity density at the stand 
level tends to occur mostly as a result of the removal of larger 
and dead standing trees (Pattanavibool and Edge 1996, 
Cockle et al. 2010); whereas at the landscape level, land use 
change (i.e., agriculture or livestock production) is the main 
factor (Vergara and Armesto 2009). Cavity limitation is, 
therefore, highly plausible in forests where human activities 
have changed forest structural attributes (Politi et al. 2010).

South American temperate forests are declining, due prin-
cipally to fire, selective logging, and land use change associ-
ated with agriculture (Armesto et al. 2009, Echeverría et al. 

2007). Selective logging takes place mainly for firewood, 
which is the principal source of energy in rural and urban 
settlements in central-southern Chile (Burschel et al. 2003). 
Logging has been highlighted as the main activity respon-
sible for the degradation of native forests (U. de Chile 2012), 
particularly in the case of small forest fragments (Echeverría 
et al. 2007, Zamorano-Elgueta et al. 2014). Currently, only 
13.1% of the original temperate rainforest areas correspond 
to an old-growth condition (Armesto et  al. 2009, CONAF 
et al. 1999). Selective logging in these forests targets mainly 
trees with larger diameters (diameter at breast height [DBH]; 
Neira et al. 2002) and/or dead standing trees, negatively af-
fecting the number of suitable cavities available for nesting 
(Lindenmayer et al. 1993, Fan et al. 2003b, Ibarra et al. 2020, 
Dudinszky et al. 2021).

Several studies have experimentally assessed the responses 
of SCNs to changes in cavity density, chiefly by installing 
nest boxes (Brawn and Balda 1988, Tomasevic and Estades 
2006, Cockle et  al. 2010,) or blocking natural cavities 
(Aitken and Martin 2008), usually in only one forest type 
or age. However, only a few experimental studies have both 
increased and decreased this relevant resource (Aitken and 
Martin 2012, Robles et  al. 2012). Additional information 
is particularly necessary in the southern hemisphere (Wiebe 
2011). In South American temperate rainforests, there is a gap 
in understanding the effect of differences in stand attributes 
and cavity limitation on SCN populations in both second-
growth and old-growth forests.

In South American temperate forests, 57% of the bird 
community are cavity nesters, and most of them are SCNs 
(Altamirano et  al. 2017). However, there are only 2 pre-
vious studies assessing the population limitation of the 
cavity-nesting community in these forests, both conducted 
in second-growth forests (Cornelius et al. 2008, Tomasevic 
and Estades 2006). Among all the cavity-nesting birds 
inhabiting the Andean temperate rainforests, Aphrastura 
spinicauda (Thorn-tailed Rayadito) are endemic to these 
forests, obligate cavity nesters, with relatively small home-
ranges, abundant in both second- and old-growth forests 
(Rozzi et al. 1996), and readily use nest boxes (Moreno et al. 
2005, Altamirano et al. 2015). Thus, they are a good model 
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species to test if cavity densities are a population-limiting 
factor in these forests. In the light of the resulting import-
ance of assessing whether the cavity-nesting bird community 
is being limited by cavity availability in second-growth and 
old-growth forests, we sought to (1) quantify stand attri-
butes and cavity density (as a proxy of cavity availability) 
in second-growth and old-growth forests; and (2) determine 
whether cavity density is limiting the breeding population 
densities of Aphrastura spinicaudas. We predicted that the 
density of cavities would be higher in old-growth forests 
than in second-growth forests and, therefore, variation in 
cavity densities would have a stronger impact on breeding 
densities in second-growth forests.

METHODS
Study Area
We studied a small-bodied secondary cavity-nesting bird 
species in the Andean temperate rainforests of southern 
Chile (A. spinicauda, 11.74 g; Altamirano et  al. 2020), in 
the La Araucanía Region (39°16ʹ S, 71°48ʹ W; Figure 1). 
The South American temperate rainforests are 1 out of only 
7 of these temperate rainforest ecosystems in the world 
(Alaback 1991). These forests cover >40,000 km2 along the 

south-western edge of the continent, mainly in Chile and 
a small adjacent area in Argentina (CONAF et  al. 1999, 
Donoso 1993), stretching in latitude south between 35° 
and 55° (Armesto et  al. 1998). They are characterized by 
cool summers, with precipitation occurring throughout the 
year. Furthermore, they have been classified as among the 
world’s 200 biologically most valuable and critically endan-
gered ecoregions (Olson and Dinerstein 1998) and are con-
sidered a Global Biodiversity Hotspot (Myers et al. 2000). 
In Andean areas, native forests have been reduced by 44% 
over the last 2 decades (Altamirano and Lara 2010), and 
in coastal areas, 67% of native forests have been replaced 
by other types of land cover since 1975 (Echeverria et al. 
2006).

We quantified forest attributes, cavity density, and the abun-
dance of a secondary cavity nester (SCN) in 10 forest stands 
with different degrees of disturbance in the Andean Cordillera 
(Figure 1). The stands ranged from recently burned areas 
with very low and occasional selective logging, representing 
second-growth forests (<80 years), to non-burned old-growth 
forests (>200 years old; Caviedes and Ibarra 2017). Six of 
the ten stands corresponded to second-growth forests, mainly 
with a predominance of broadleaf species such as Nothofagus 
obliqua, Nothofagus dombeyi, and Laurelia sempervirens. 

FIGURE 1. Ten forest stands where key resource experimental variation and quantification of forest attributes were conducted in La Araucanía Region, 
Chile.
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The other four stands corresponded to old-growth stands of 
conifer-broadleaf mixed forest, principally with Saxegothaea 
conspicua, Laureliopsis philippiana and N. dombeyi. Forest 
stands were considered as old-growth when they had a core 
area with a minimal edge effect and maintained a complex 
vertical structure and mostly unmodified species compos-
ition (Armesto et  al. 2009). In both second-growth and 
old-growth forest stands, understory composition was dom-
inated by bamboo species (Chusquea spp.), Rhaphithamnus 
spinosus, and a variety of species of Azara and tree saplings. 
As the home range of the focal bird species is unknown, we 
assumed a range of 3–4 ha for A. spinicauda, given the ob-
served home range for its close relative, A. masafuerae (Hahn 
et al. 2010). Our study stands were separated by a minimum 
linear distance of 1.6 km, 3.3 to 3.8 times the median natal 
dispersal reported by Botero-Delgadillo et al. (2017; 490 m 
females and 420 m males) to ensure that populations in one 
stand would not affect birds inhabiting adjacent study stands 
(Wiebe 2011).

Forest Attributes and Cavity Density
To quantify forest structural attributes and cavity density in 
the stands, we established 5 vegetation plots per stand. These 
plots had their center at each point where the abundance of 
A. spinicauda was surveyed (details below), with a survey 
area of 0.04 ha (radius = 11.2 m). Within these vegetation 
plots, we quantified the following stand attributes: Density 
of live trees; density of dead standing trees; and for all live 
and dead trees with a tree DBH ≥12.5 cm, we measured 
DBH and the number of small cavities per tree. We used tree 
DBH to calculate the basal area of trees with DBH ≥ 35 cm 
and the density of larger trees (DBH ≥ 60 cm). Tree cavities, 
including round or square entrances, crevices, and branch 
holes, among others, were considered if they had a minimum 
entrance diameter of 2.5 cm, and a maximum diameter of 
5 cm (Cornelius 2008, Altamirano et. al. 2017, Ibarra et. al. 
2020). We counted cavities with a minimum depth of 10 cm 
from the lower lip of the entrance (Altamirano et al. personal 
observation). Cavity heights between 0.2 and 30 m on the 
trees were considered, consistent with reports from previous 
studies (Altamirano et  al. 2012, Cornelius 2008, McGehee 
et al. 2010).

Resource Addition and Removal
We increased the density of suitable cavities by installing 
40 wooden nest boxes in each of 6 forests (160 boxes in 
4 second-growth forests and 80 in 2 old-growth forests; 
n = 240) during the 2010 nonbreeding season. The re-
maining 4 forest stands (2 second- and 2 old-growth for-
ests) were used as control stands where nest boxes were not 
installed. Nest boxes were hung from branches at a height 
of 1.5 m. The great majority of nest boxes were installed 
in the forest interior. When there was an open area nearby, 
nest boxes were placed at least 15 m in from the forest edge. 
The direction in which the entrance to the nest boxes faced 
was random. The nest-box entrance diameter and depth of 
the box were 3.1 and 17.1 cm, respectively (Altamirano 
et  al. 2013, 2015). Nest boxes of this type (i.e., entrance 
diameter and internal dimensions) were used to improve the 
probability of their occupancy (Lambrechts et al. 2010) as 
they had previously been successfully used by A. spinicauda 
(Moreno et al. 2005, Vergara 2007). In the winter of 2012, 

we blocked all nest boxes, reducing cavity density back to 
its original level in both second-growth and old-growth for-
ests.

Secondary Cavity-nesting Bird Abundance
We used an experimental design that considered monitoring 
densities of A. spinicauda before and after the cavity addition 
and removal (Aitken and Martin 2012, Robles et al. 2012). 
We monitored populations of A. spinicauda in experimental 
and control stands over a 5-year period: 2 years of pretreat-
ment (2008–2010); 2 years of treatment (nest box installa-
tion, 2010–2012), 1 year of post-treatment (nest box blocked, 
2013). Five-point count stations per forest stand were estab-
lished, with a diameter of 50 m and a minimum distance of 
125 m between stations. All counts were conducted between 
October and February in each breeding season (total point 
counts = 660), during the 4 hours after sunrise (06.30–10.30) 
and had a duration of 7 minutes during which we recorded all 
the bird species that were detected (heard and/or seen) within 
the radius. Point count stations were selected instead of tran-
sects as they are more efficient in forest conditions (Ralph 
et al. 1996).

Data Analysis
We compared the following structural attributes of second-
growth and old-growth forests: Basal area of trees with 
DBH ≥35 cm (m2 ha−1; hereafter, basal area), number of trees 
with DBH ≥60 cm ha−1 (hereafter, density of larger trees), 
number of dead trees ha−1 (hereafter, density of dead trees), 
and number of small-sized cavities per ha (hereafter, cavity 
density). We tested statistical differences using the t-test 
for pairs comparison, testing first for normality (Shapiro–
Wilk test; P > 0.05) and homoscedasticity (Levene’s test; 
P > 0.05). A critical tree diameter was established: (1) DBH 
of 35 cm for the basal area because 80% of the nests of A. 
spinicauda were in trees with a higher DBH; and (2) DBH 
of 60 cm to calculate the density of larger trees, given that 
this is the mean diameter of the trees used by this species 
(Altamirano et al. 2017). We used 2 independent linear re-
gressions to assess how the density of natural cavities was 
related to 2 different scales: Tree DBH and basal area. For 
the number of cavities per tree, we used log10 (number of 
cavities +1) transformation to achieve the normality as-
sumption. We assessed cavity limitation for A. spinicauda, 
analyzing its responses to experimental cavity addition and 
removal. Although we did not account for detectability, we 
think this might not have affected our main conclusions, as 
we compared abundances using consistent methods across 
forest stands and seasons. To determine the response to ex-
perimental increasing and reduction of cavity densities, we 
used linear mixed-effect models with a Poisson distribution, 
and the Akaike’s Information Criterion (AIC) approach to 
select the best fit models. Forest type, nest-box treatment 
(pretreatment, during treatment, and post-treatment), and 
their interaction were included as fixed effects. Season and 
forest stand were included as random effects, allowing us to 
(1) control for any inherent capacity of each season to have 
lower or higher abundances of A. spinicauda (Altamirano 
et al. 2020), and (2) include repeated measurements in the 
same forest stands (pretreatment, during treatment, and 
post-treatment). Models with ΔAIC < 2.0 were considered 
the best-supported models.
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RESULTS
Forest Structural Attributes and Cavity Density
Among the 50 vegetation plots and 1,627 trees measured, 
we found structural differences between second-growth and 
old-growth forests. Old-growth forests had more than twice 
the basal area found in second-growth forests. The density 
of large trees (≥60 cm DBH) was almost 3 times higher in 
old-growth forests whereas the density of small-sized cavities 
was 1.5 times higher (Table 1). Second-growth forests have a 
higher average density of dead trees compared to old-growth 
forests, but this difference has low statistical support (Table 
1). Linear models indicated a positive response of cavity 
density as a function of tree DBH (R2 = 0.45, F = 1101.70, 
df = 1 and 625, p < 0.001), with the number of cavities 
increasing with tree DBH (Figure 2A). A similar result was 
found for the effect of basal area on cavity density, which in-
creased with basal area (R2 = 0.35, F = 24.28, df = 1 and 625, 
p < 0.001; Figure 2B).

Cavities as a Limiting Resource
During the 2 years of treatment, nest boxes were occupied by 
A. spinicauda (54 pairs in 2010–2011 and 96 in 2011–2012, 
23% and 40% of the total nest boxes, respectively). The best-
supported model to explain variation in abundances of A. 
spinicauda included the interaction between forest type and 
nest-box treatment (Table 2). We found evidence for a treat-
ment effect of nest box addition on A. spinicauda abundance 
in second-growth forests (b = 0.40; P = 0.005), with a popu-
lation increase of 13% during the 2 years of treatment (25% 

in the breeding season 2010–2011, before decreasing by 12% 
in 2011–2012, with respect to the previous season). Then, 
when the nest boxes were blocked, population abundance de-
creased by 50% in the breeding season 2012–2013 (b = −0.37; 
P = 0.009). This action changed the A. spinicauda abundance 
back to near its 2010 pretreatment level and a level similar 
to that found in control stands (Figure 3A). In contrast, there 
was no statistical support for an effect of the experimental 
addition and removal of cavities on A. spinicauda popula-
tions inhabiting old-growth forests (Figure 3B; 2 years of 
treatment, b = −023, P = 0.09; nest boxes blocked, b = 0.14, 
P = 0.40).

DISCUSSION
This study quantified cavity density and its relationship 
with forest structural attributes and assessed cavity limita-
tion in both second-growth and old-growth forests in the 
temperate rainforests of South America. We provide evi-
dence of population limitation for A. spinicauda inhabiting 
second-growth forests, but not in old-growth forests. 
Furthermore, our findings suggest that the differences asso-
ciated with forest age in response to experimental manipu-
lation of cavities are likely to be driven by specific forest 
structural attributes (i.e., tree DBH and basal area) present 
in both forest types.

Forest Attributes and Cavity Density
As expected, we found that critical forest structural attributes 
for SCNs (i.e., basal area, density of larger trees, and number 

TABLE 1. Paired comparison (mean ± SE; n = 50 vegetation plots; 30 in second-growth and 20 in old-growth forests) of forest attributes: Basal area 
(medium-sized and larger trees ≥35 cm diameter at breast height), density of larger trees and dead trees, and small-sized cavities (entrance diameter 
<5 cm) in the Andean temperate rainforest of South America.

Forest attributes Second-growth forests Old-growth forests Univariate statistical test P value

Basal area (m2 ha−1) 43.69 ± 5.34 99.57 ± 10.72 t = 5.14 <0.001
Density of trees ≥60 cm DBH (trees ha−1) 36.39 ± 6.86 88.19 ± 11.55 t = 4.56 <0.001
Density of dead trees (trees ha−1) 105.78 ± 14.71 76.17 ± 19.32 t = 1.13 0.264
Density of small-size cavities (cavities ha−1) 10.27 ± 1.28 25.92 ± 3.11 t = 5.27 <0.001

FIGURE 2. Association between cavity density and forest structural attributes in Andean temperate rainforests of Chile. Regression plots show (A) 
the number of cavities and (B) the density of cavities as a function of tree diameter at breast height (DBH; cm; n = 1,627) and basal area of trees 
≥35 cm DBH (cm2; n = 50), respectively. Darker circles represent the association between variables in old-growth forests while lighter circles show the 
variable’s associations in second-growth forests.
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of small cavities) were more prevalent in old-growth forests. 
This is likely to reflect the effect of selective logging in second-
growth forests (Politi et  al. 2010). Changes found in basal 
area and the density of larger trees for forests in different suc-
cessional stages are quite similar to results from coastal lo-
cations (Carmona et al. 2002, Díaz et al. 2005), and also in 
Andean temperate forests (Dudinszky et  al. 2021). In these 
previous studies, both basal area and the density of larger 
trees in old-growth forests are at least double those in inter-
mediate and early successional forests. Basal area and density 
of larger trees have a positive association with larger popu-
lations of forest specialist birds, such as A. spinicauda (Díaz 
et al. 2005, Tomasevic and Estades 2006). On the other hand, 
the density of dead trees did not vary between forests, prob-
ably because of the high variability observed in old-growth 
forests and the large number of dead trees in second-growth 
forests resulting from past disturbances (e.g., fire; Aravena 
et al. 2002).

Our findings support the hypothesis that tree DBH and 
basal area, as indicators of the age of forest stands, are im-
portant for cavity formation (Cockle et al. 2010, Koch et al. 
2008). Similarly to a study in coastal temperate rainforests 
(Estades and Tomasevic 2004), we found that tree DBH has 
a significant effect on the density of cavities present in each 
tree. Cavity density increased with basal area, a similar pat-
tern found in Atlantic forests (Cockle et al. 2010). This result 
confirms basal area as a good predictor of cavity density at 

the stand scale (Fan et  al. 2003a). Using basal area to pre-
dict cavity density in forests could be useful as an alternative 
to counting the specific number of small cavities in a stand. 
However, caution is required because the effects of tree DBH 
and basal area on the density of suitable cavities could vary in 
forests with different tree composition, ecological dynamics, 
and/or abiotic conditions. For example, in forests dominated 
by conifer species or highland forests near the treeline, where 
tree growth is influenced by snow and wind.

Nest-Site Limitation
The role of nest sites in limiting the density of cavity-nesting 
species has been widely studied (Newton 1998). Despite this, 
experiments manipulating cavity densities to assess nest-site 
limitation in old-growth forests are rare and the results ap-
pear less consistent (Cornelius et al. 2008, Wiebe 2011, Aitken 
and Martin 2012). In second-growth areas of temperate for-
ests, similar cavity addition experiments (Cornelius et  al. 
2008, Tomasevic and Estades 2006) concluded that nest sites 
did limit the population size of A. spinicauda in breeding sea-
sons in coastal and island locations. Our experiment suggests 
that cavity density affects the abundance of A. spinicauda 
in second-growth forests, likely reflecting a population limi-
tation effect, with the number of A. spinicauda increasing 
and decreasing significantly in the treatment stands (nest box 
additions and removals, respectively), but no changing in the 
control stands (i.e., no nest-box experiments). This result 

TABLE 2. Model rankings for Aphrastura spinicauda abundance in relation to forest types and the nest-box treatment in the south temperate forests of 
Chile.

Model k AICc ∆AICc Wi LL

Forest_type * treatment 8 2,499.50 0.00 0.80 −1,241.64
Treatment 5 2,503.20 3.69 0.13 −1,245.53
Forest_type + treatment 6 2,504.40 4.93 0.07 −1,247.17
Forest_type 4 2,518.10 18.64 0.00 −1,255.04
Null 3 2,519.40 19.91 0.00 −1,256.69

Season and forest stand were treated as a random term in all models. Bold indicates the best-supported model. k = number of parameters estimated; ∆AIC = 
the difference in AICc values between each model and the lowest AICc model; Wi = model weight; LL = log-likelihood.

FIGURE 3. Mean bird abundance per point count for Aphrastura spinicauda (A, B) over 5 years of monitoring, during pretreatment (before nest box 
addition), treatment (nest boxes added), and post-treatment (nest boxes blocked). Treatment and control monitoring were carried out in 6 second-
growth forests and 4 old-growth forests in Andean temperate rainforests of South America. Error bars represent the standard error of mean bird 
abundance per point count station.
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strongly indicates that, as suggested by previous studies, cav-
ities are a critical resource that may limit the breeding popu-
lations of A. spinicauda (Cornelius et  al. 2008, Tomasevic 
and Estades 2006). Also, the fact that 63% of the rayaditos’ 
nests in nest boxes were successful in second-growth forests 
(Altamirano et al. 2015) reinforces the idea that cavities are 
a limiting factor in these forests. Increasing cavity density 
leads to more breeding outcomes, under a scenario where 
there was no experimental manipulation of other potential 
factors, such as food availability or predation risk. The in-
crease in cavity availability might have offered breeding op-
portunities for nonbreeding individuals in the treatment sites 
(Hold and Martin 1997; and/or for individuals dispersing 
from adjacent sites). The latter, by reducing the territory size 
occupied by dominant rayaditos, enabling these individuals 
to breed either in nest boxes or tree cavities that otherwise 
would have been unavailable for them (Marshall and Cooper 
2004, Aitken and Martin 2012). Interestingly, the rayadito 
abundance did not continue increasing in the second year 
with the next boxes open. In fact, the slight decrease suggests 
that another limiting factor(s) might have restricted the max-
imum abundance.

The larger decline from blocking nest boxes than the add-
ition of them is similar to the response of SCN found in 
forests of British Columbia (Aitken and Martin 2012), sug-
gesting more sensitivity of A. spinicauda to the loss of avail-
able cavities than the addition of this resource. A potential 
underlying mechanism of this population decrease is that, 
when the nest-site availability is reduced, dominant individ-
uals may expand their territory size (Marshall and Cooper 
2004). This expansion may even reduce the cavity availability, 
and perhaps, forcing subordinate individuals to disperse to 
other sites (Robles et al. 2012). On the other hand, in agree-
ment with 81% of the studies carried out in old-growth for-
ests (Wiebe 2011 and references therein), nesting density did 
not change with nest-site density for A. spinicauda in old-
growth forests. This suggests that another resource, such 
as food supply, might limit the abundance of this species in 
forests with a higher basal area, density of larger trees, and 
cavity density (Newton 1998).

Response to the variation in cavity density might differ 
across species. A. spinicauda compete for cavities with con-
specifics, as well as Tachycineta leucopyga (Chilean Swallow) 
and Troglodytes aedon (Southern House Wren; Altamirano 
et  al. personal observation). Thus, the addition/removal of 
this key resource may also affect other species’ populations, 
increasing or reducing their population abundance depending 
on each species’ ability to respond to temporal and spatial 
changes in key resource density (Aitken and Martin 2008, 
Norris et al. 2013).

Forest Management Implications
This study provides evidence that the A. spinicauda might 
not be limited by cavity availability in old-growth forests 
but, in second-growth forests. In the latter, the abundance 
of rayaditos varied with cavity density, which was highly in-
fluenced by the density of larger trees. Our findings highlight 
the importance of supplying, maintaining, and/or increasing 
forest attributes that provide suitable cavities for SCNs in 
second-growth areas, especially in stands that have experi-
enced high forest disturbance. Old-growth forests do have 
appropriate structures for supporting sustainable popula-

tions of rayaditos, but given extensive habitat loss and con-
version, old forests are now found mainly in protected areas 
and at higher altitudes (Armesto et  al. 2009, Altamirano 
et al. 2020).

Maintaining remnant large and dead-standing trees in 
second-growth forests could improve habitat conditions 
for A. spinicauda (Altamirano et al. 2017), which are nega-
tively affected by the reduction and fragmentation of forest 
cover (Vergara and Armesto 2009). This would represent an 
important contribution by silviculture to the conservation 
of forest specialist birds inhabiting second-growth forest 
stands. However, most forest policies specify a minimum 
tree diameter for harvesting, thereby tending to protect 
younger trees, rather than large and old trees (Cockle et al. 
2011, Altamirano et  al. 2017). Chile’s national forestry 
policy only superficially mentions tree diameter as a cri-
terion for authorizing tree logging (CONAF 2014). We sug-
gest limiting the maximum diameter of trees for harvesting 
in order to ensure a sufficient number of larger trees 
(DBH ≥ 60 cm) to support a sustainable cavity-nesting bird 
community (Cockle et al. 2010). In addition, stipulating a 
minimum number of large and medium-sized trees to be 
maintained (future resource availability; Aitken and Martin 
2004), could be very useful in facilitating the breeding of 
cavity-nesting birds in second-growth forests. These sugges-
tions will also contribute to the Chilean Bird Conservation 
Strategy, which highlights the importance of maintaining 
large and dead-standing trees in managed forests (MMA—
ONU Medio Ambiente 2022).

Finally, cavity-nester populations may be limited by other 
factors not measured in this study, such as food abundance, 
predation rates, or abiotic constraints (Cornelius et al. 2008, 
Newton 1998, Zarnowitz and Manuwal 1985). Maintaining 
suitable nest trees may not entirely suffice to conserve the tree 
cavity-nesting bird community, indicating a need for further 
studies of population limitation in birds.

Supplementary material
Supplementary material is available at Ornithological 
Applications online.

Acknowledgments
We thank the Chilean Ministry of the Environment (FPA 
Project 09-078-2010, 9-I-009-12), Chilean Forest Service 
(CONAF), Center of Local Development (CEDEL—Villarrica 
Campus, PUC), Darwin Initiative 15-006, The Peregrine 
Fund (especially F.H. Vargas), François Vuilleumier Fund for 
Research on Neotropical Birds (Neotropical Ornithology 
Society), and Live Andes (Microsoft Research). In addition, we 
are indebted to M. Acevedo, A. Dittborn, G. Fuster, C. Gálvez, 
A. Hargreaves, J. Laker (Kodkod: Lugar de Encuentros), M. 
Sabugal, R. Sanhueza, R. Timmerman, T. Tüchelmann, D. 
Bonacic, G. Valdivieso, M. Venegas, Huerquehue National 
Park, Lahuen Foundation and Cañi Sanctuary, Kawelluco 
Private Sanctuary, and other landowners for allowing us to 
work on their property. Numerous friends, local inhabit-
ants and students provided priceless assistance in the field. 
We appreciate the review made by Esteban Botero-Delgadillo 
(Associate Editor) and 2 anonymous reviewers, which signifi-
cantly improved an early version of the manuscript.

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/article/126/4/duae031/7717984 by O

xford Journals Library Sales user on 22 M
ay 2026



8 Cavity availability limits populations of Aphrastura spinicauda	 T. A. Altamirano et al.

Funding statement
This study was supported by ANID/FONDECYT de 
Iniciación (11230504). TAA was supported by a postdoctoral 
grant from Comisión Nacional de Investigación Científica y 
Tecnológica (74160073) and he acknowledge the financial. JTI 
acknowledges the support from the Center for Intercultural 
and Indigenous Research–CIIR (ANID/FONDAP 15110006), 
the European Union to the Observatorio de Bosques y 
Políticas Forestales (NDICI CSO/2023/451-084), and from 
the Technological Centers of Excellence with Basal Financing 
ANID-Chile to the Cape Horn International Center–CHIC 
(ANID PIA/BASAL FB210018) and the Center of Applied 
Ecology and Sustainability–CAPES (ANID PIA/BASAL 
FB0002). CB thanks ANID Grant 1221644 (Fondecyt).

Ethics statement
Our research was developed under the permit of the National 
Forestry Service permission to carry out research in protected 
areas. Wildlife was not manipulated. We followed the IOU 
Code of Ethics (https://www.internationalornithology.org/
iou-code-ethics).

Conflict of interest statement
The authors declare that they have no conflicts of interest.

Author contributions
T.A.A., C.B., J.T.I., and K.M. conceived the idea, design and 
experiment. T.A.A and F.N. performed the experiments (col-
lected data, conducted the research). T.A.A., S.N., and F.N. 
analyzed the data. C.B. and K.M. contributed substantial re-
sources. T.A.A. and J.T.I. wrote the manuscript with substan-
tial support of S.N., K.M., and C.B.

Data availability
Analyses reported in this article can be reproduced using the 
data provided by Altamirano et al. (2024).

LITERATURE CITED
Aitken, K. E. H., and K. Martin (2004). Nest cavity availability and se-

lection in aspen conifer groves in a grassland landscape. Canadian 
Journal of Forest Research 34:2099–2109.

Aitken, K. E. H., and K. Martin (2007). The importance of excavators 
in hole-nesting communities: Availability and use of natural tree 
holes in old mixed forests of western Canada. Journal of Orni-
thology 148:425–434.

Aitken, K. E. H., and K. Martin (2008). Resource selection plasticity 
and community responses to experimental reduction of a critical 
resource. Ecology 89:971–980.

Aitken, K. E. H., and K. Martin (2012). Experimental test of nest-site 
limitation in mature mixed forests of central British Columbia, 
Canada. The Journal of Wildlife Management 76:557–565.

Alaback, P. (1991). Comparative ecology of temperate rainforests of 
the Americas along analogous climatic gradients. Revista Chilena 
de Historia Natural 64:399–412.

Altamirano, A., and A. Lara (2010). Deforestación en ecosistemas 
templados de la precordillera andina del centro-sur de Chile. 
Revista Bosque 31:53–64.

Altamirano, T. A., D. de Zwaan, J. T. Ibarra, S. Wilson, and K. Martin 
(2020). Treeline ecotones shape the distribution of avian species 

richness and functional diversity in south temperate mountains. 
Scientific Reports 10:18428.

Altamirano, T. A., F. Hernández, M. de la Maza, and C. Bonacic (2013). 
Güiña (Leopardus guigna) preys on cavity-nesting nestlings. 
Revista Chilena de Historia Natural 86:501–504.

Altamirano, T. A., J. T. Ibarra, M. de la Maza, S. Navarrete, and 
C. Bonacic (2015). Reproductive life-history variation in a 
secondary cavity-nester across an elevational gradient in An-
dean temperate ecosystems. The Auk: Ornithological Advances 
132:826–835.

Altamirano, T. A., J. T. Ibarra, F. Hernández, I. Rojas, J. Laker, and 
C. Bonacic (2012). Hábitos de nidificación de las aves del bosque 
templado andino de Chile. Pontificia Universidad Católica de Chile. 
Facultad de Agronomía e Ingeniería Forestal, Santiago, Chile.

Altamirano, T. A., J. T. Ibarra, K. Martin, and C. Bonacic (2017). The 
conservation value of tree decay processes as a key driver struc-
turing tree cavity nest webs in South American temperate rainfor-
ests. Biodiversity and Conservation 26:2453–2472.

Altamirano, T. A., F. Novoa, J. T. Ibarra, S. A. Navarrete, C. Bonacic, 
and K. Martin (2024). Data from: Tree cavity density is a limiting 
factor for a secondary cavity nester in second-growth Andean 
temperate rainforests. Ornithological Applications 126:duae031. 
https://doi.org/10.5061/dryad.95x69p8tb [Dataset].

Aravena, J. C., M. R. Carmona, C. A. Pérez, and J. J. Armesto (2002). 
Changes in tree species richness, stand structure and soil properties 
in a successional chronosequence in northern Chiloé Island, Chile. 
Revista Chilena de Historia Natural 75:339–360.

Armesto, J., R. Rozzi, C. Smith-Ramirez, and M. Arroyo (1998). Con-
servation targets in South American temperate forests. Science 
282:1271–1272.

Armesto, J., C. Smith-Ramírez, M. Carmona, J. Celis-Diez, I. Díaz, 
A. Gaxiola, A. Gutiérrez, M. Núñez-Avila, C. Pérez, and R. Rozzi 
(2009). Old-growth temperate rainforests of South America: con-
servation, plant–animal interactions, and baseline biogeochemical 
processes. In Old-Growth Forests: Function, Fate and Value (C. 
Wirth, G. Gleixner, and M. Helmann, Editors). Springer, Berlin, 
Germany. pp. 367–390.

Brawn, J., and R. Balda (1988). Population biology of cavity nesters 
in northern Arizona: Do nest sites limit breeding densities? The 
Condor 90:61–71.

Botero-Delgadillo, E., V. Quirici, Y. Poblete, E. Cuevas, S. Kuhn, A. 
Girg, K. Teltscher, E. Poulin, B. Kempenaers, and R.A. Vásquez 
(2017). Variation in fine-scale genetic structure and local dispersal 
patterns between peripheral populations of a South American pas-
serine bird. Ecology and Evolution 7:8363–8378.

Burschel, H., A. Hernández, and M. Lobos (2003). Leña: una fuente 
energética renovable para Chile. Editorial Universitaria, Santiago, 
Chile.

Carmona, M., J. Armesto, J. Aravena, and C. Perez (2002). Coarse 
woody debris biomass in successional and primary temperate 
forests in Chiloé Island, Chile. Forest Ecology and Management 
164:265–275.

Caviedes, J., and J. T. Ibarra (2017). Influence of anthropogenic disturb-
ances on stand structural complexity in Andean temperate forests: 
Implication for managing key habitat for biodiverisity. PloS One 
12:e0169450.

Cockle, K. L., K. Martin, and M. C. Drever (2010). Supply of tree-holes 
limits nest density of cavity-nesting birds in primary and logged sub-
tropical Atlantic forest. Biological Conservation 143:2851–2857.

Cockle, K. L., K. Martin, and T. Wesołowski (2011). Woodpeckers, 
decay, and the future of cavity-nesting vertebrate communities 
worldwide. Frontiers in Ecology and the Environment 9:377–382.

CONAF (2014). Ley sobre recuperación del bosque nativo y fomento 
forestal y reglamentos, sidalc.net. Ministry of Agriculture, San-
tiago, Chile.

CONAF, CONAMA, and BIRF (1999). Catastro y evaluación de 
recursos vegetacionales nativos de Chile: Informe nacional con vari-
ables ambientales. https://sit.conaf.cl/varios/Catastros_Recursos_
Vegetacionales_Nativos_de_Chile_Nov2021.pdf

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/article/126/4/duae031/7717984 by O

xford Journals Library Sales user on 22 M
ay 2026

https://www.internationalornithology.org/iou-code-ethics
https://www.internationalornithology.org/iou-code-ethics
https://doi.org/10.5061/dryad.95x69p8tb
https://sit.conaf.cl/varios/Catastros_Recursos_Vegetacionales_Nativos_de_Chile_Nov2021.pdf
https://sit.conaf.cl/varios/Catastros_Recursos_Vegetacionales_Nativos_de_Chile_Nov2021.pdf


T. A. Altamirano et al. � Cavity availability limits populations of Aphrastura spinicauda 9

Cornelius, C. (2008). Spatial variation in nest-site selection by a sec-
ondary cavity-nesting bird in a human-altered landscape. The 
Condor 110:615–626.

Cornelius, C., K. L. Cockle, N. Politi, I. Berkunsky, L. Sandoval, V. 
Ojeda, L. Rivera, M. Hunter, and K. Martin (2008). Cavity-nesting 
birds in Neotropical forests: Cavities as a potentially limiting re-
source. Ornitolgía Neotropical 19:253–268.

Díaz, I. A., J. J. Armesto, S. Reid, K. Sieving, and M. Willson (2005). 
Linking forest structure and composition: Avian diversity in suc-
cessional forests of Chiloé Island, Chile. Biological Conservation 
123:91–101.

Donoso, C. (1993). Bosques templados de Chile y Argentina: Variación, 
estructura y dinámica. Editorial Universitaria, Santiago, Chile.

Dudinszky, N., S. Ippi, T. Kitzberger, G. Cerón, and V. Ojeda (2021). 
Tree size and crown structure explain the presence of cavities re-
quired by wildlife in cool-temperate forests of South America. 
Forest Ecology and Management 494:119295.

Echeverria, C., D. Coomes, J. Salas, J.M. Rey-Benayas, A. Lara, and A. 
Newton (2006). Rapid deforestation and fragmentation of Chilean 
temperate forests. Biological Conservation 130:481–494.

Echeverría, C., A. C. Newton, A. Lara, J. M. R. Benayas, and D. A. 
Coomes (2007). Impacts of forest fragmentation on species com-
position and forest structure in the temperate landscape of southern 
Chile. Global Ecology and Biogeography 16:426–439.

Estades, C. F., and J. A. Tomasevic (2004). Oferta de cavidades para 
aves de bosque en relación a parámetros dendrométricos en hualo 
(Nothofagus glauca) y coihue (Nothofagus dombeyi). Boletín 
Chileno de Ornitología 10:26–29.

Fan, Z., D. Larsen, S. Shifley, and F. Thompson (2003a). Estimating 
cavity tree abundance by stand age and basal area, Missouri, USA. 
Forest Ecology and Management 179:231–242.

Fan, Z., S. Shifley, M. Spetich, F. Thompson, and D. Larsen (2003b). 
Distribution of cavity trees in midwestern old-growth and second-
growth forests. Canadian Journal of Forest Research 33:1481–
1494.

Hahn, I., U. Roemer, and P. Vergara (2010). Conserving Chile’s most 
critically endangered bird species: First data on foraging, feeding, 
and food items of the másafuera rayadito (Aves: Furnariidae). Ver-
tebrate Zoology 60:233–242.

Holt, R. F., and K. Martin (1997). Landscape modification and patch 
selection: The demography of two secondary cavity nesters colon-
izing clearcuts. The Auk 114:443–455.

Ibarra, J. T., F. J. Novoa, H. Jaillard, and T. A. Altamirano (2020). Large 
trees and decay; suppliers of a keystone resource for cavity-using 
wildlife in old-growth and secondary Andean temperate forests. 
Austral Ecology 45:1135-1144.

Koch, A. J., S. A. Munks, D. Driscoll, and J. B. Kirkpatrick (2008). Does 
hollow occurrence vary with forest type? A case study in wet and 
dry Eucalyptus obliqua forest. Forest Ecology and Management 
255:3938–3951.

Lambrechts, M. M., F. Adriaensen, D. R. Ardia, A. V. Artemyev, F. 
Atiénzar, J. Bańbura, E. Barba, J.-C. Bouvier, J. Camprodon, C. 
B. Cooper, et al. (2010). The design of artificial nestboxes for the 
study of secondary hole-nesting birds: A review of methodological 
inconsistencies and potential biases. Acta Ornithologica 45:1–26.

Lindenmayer, D. B., R. B. Cunningham, C. F. Donnelly, M. T. Tanton, 
and H. A. Nix (1993). The abundance and development of cav-
ities in Eucalyptus trees: A case study in the montane forests of 
Victoria, southeastern Australia. Forest Ecology and Management 
60:77–104.

Marshall, M. R., and R. J. Cooper (2004). Territory size of a migratory 
songbird in response to caterpillar density and foliage structure. 
Ecology 85:432–445.

Martin, K., K. Aitken, and K. Wiebe (2004). Nest sites and nest webs for 
cavity-nesting communities in interior British Columbia, Canada: 
Nest characteristics and niche partitioning. The Condor 106:5–19.

Martin, K., and J. M. Eadie (1999). Nest webs: A community-wide 
approach to the management and conservation of cavity-nesting 
forest birds. Forest Ecology and Management 115:243–257.

McGehee, S., J. Eitniear, and B. Glickman (2010). Unusual ground 
level tree cavity nesting in the Thorn-tailed Rayadito (Aphrastura 
spinicauda). Boletín SAO 20:12–17.

MMA - ONU Medio Ambiente (2022). Estrategia Nacional de 
Conservación de Aves 2021-2030. Elaborada por Tomás A. 
Altamirano, consultor proyecto GEF/SEC ID: 9766 “Conservación 
de Humedales Costero de la Zona Centro-Sur de Chile.” Ministerio 
del Medio Ambiente, Santiago, Chile.

Moreno, J., S. Merino, R. A. Vásquez, and J. J. Armesto (2005). 
Breeding biology of the Thorn-tailed Rayadito (Furnariidae). in 
south-temperate rainforests of Chile. The Condor 107:69–77.

Myers, N., R. A. Mittermeier, C. G. Mittermeier, G. A. da Fonseca, and 
J. Kent (2000). Biodiversity hotspots for conservation priorities. 
Nature 403:853–858.

Neira, E., H. Verscheure, and C. Revenga (2002). Chile’s Frontier For-
ests: Conserving A Global Treasure. Global Forest Watch, World 
Resources Institute, Washington, D.C., USA.

Newton, I. (1994). The role of nest sites in limiting the numbers of 
hole-nesting birds: A review. Biological Conservation 70:265–
276.

Newton, I. (1998). Population Limitation in Birds. Academic Press, 
London, UK.

Norris, A., M. Drever, and K. Martin (2013). Insect outbreaks increase 
populations and facilitate reproduction in a cavity-dependent song-
bird, the Mountain Chickadee Poecile gambeli. Ibis 155:165–176.

Olson, D., and E. Dinerstein (1998). The Global 200: A representation 
approach to conserving the Earth’s most biologically valuable eco-
regions. Conservation Biology 12:502–515.

Pattanavibool, A., and W. Edge (1996). Single-tree selection silviculture 
affects cavity resources in mixed deciduous forests in Thailand. The 
Journal of Wildlife Management 60:67–73.

Politi, N., M. Hunter, and L. Rivera (2010). Availability of cavities 
for avian cavity nesters in selectively logged subtropical montane 
forests of the Andes. Forest Ecology and Management 260:893–
906.

Ralph, C., G. Geupel, P. Pyle, T. Martin, D. DeSante, and B. Millá 
(1996). Manual de Métodos de Campo para el Monitoreo de Aves 
Terrestres. Pacific Southwest Research Station, Forest Service, U.S. 
Department of Agriculture, Albany, CA, USA.

Robles, H., C. Ciudad, and E. Matthysen (2012). Responses to experi-
mental reduction and increase of cavities by a secondary cavity-
nesting bird community in cavity-rich Pyrenean oak forests. Forest 
Ecology and Management 277:46–53.

Rozzi, R., J. Armesto, A. Correa, J. Torres-Mura, and M. Sallaberry 
(1996). Avifauna de bosques primarios templados en islas 
deshabitadas del archipiélago de Chiloé, Chile. Revista Chilena de 
Historia Natural 69:125–139.

Tomasevic, J., and C. Estades (2006). Stand attributes and the abun-
dance of secondary cavity-nesting birds in southern beech 
(Nothofagus) forests in south-central Chile. Ornitología Neotrop-
ical 17:1–14.

U. de Chile (2012). Informe país: Estado actual del medio ambiente en 
Chile. Universidad de Chile, Santiago, Chile.

Vergara, P. (2007). Effects of nest box size on the nesting and renesting 
pattern of Aphrastura spinicauda and Troglodytes aedon. Ecología 
Austral 17:133–141.

Vergara, P., and J. Armesto (2009). Responses of Chilean forest birds to 
anthropogenic habitat fragmentation across spatial scales. Land-
scape Ecology 24:25–38.

Wiebe, K. (2011). Nest sites as limiting resources for cavity-nesting 
birds in mature forest ecosystems: A review of the evidence. Journal 
of Field Ornithology 82:239–248.

Zamorano-Elgueta, C., L. Cayuela, J. M. Rey-Benayas, P. J. Donoso, 
D. Geneletti, and R. J. Hobbs (2014). The differential influences of 
human-induced disturbances on tree regeneration community: A 
landscape approach. Ecosphere 5:1–17.

Zarnowitz, J., and D. Manuwal (1985). The effects of forest manage-
ment on cavity-nesting birds in northwestern Washington. The 
Journal of Wildlife Management 49:255–263.

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/article/126/4/duae031/7717984 by O

xford Journals Library Sales user on 22 M
ay 2026


	Tree cavity density is a limiting factor for a secondary cavity nester in second-growth Andean temperate rainforests
	INTRODUCTION
	METHODS
	Study Area
	Forest Attributes and Cavity Density
	Resource Addition and Removal
	Secondary Cavity-nesting Bird Abundance
	Data Analysis

	RESULTS
	Forest Structural Attributes and Cavity Density
	Cavities as a Limiting Resource

	DISCUSSION
	Forest Attributes and Cavity Density
	Nest-Site Limitation
	Forest Management Implications

	Supplementary material
	Acknowledgments
	LITERATURE CITED

	Tree cavity density is a limiting factor for a secondary cavity nester in second-growth Andean temperate rainforests
	INTRODUCTION
	METHODS
	Study Area
	Forest Attributes and Cavity Density
	Resource Addition and Removal
	Secondary Cavity-nesting Bird Abundance
	Data Analysis

	RESULTS
	Forest Structural Attributes and Cavity Density
	Cavities as a Limiting Resource

	DISCUSSION
	Forest Attributes and Cavity Density
	Nest-Site Limitation
	Forest Management Implications

	Supplementary material
	Acknowledgments
	LITERATURE CITED

	Tree cavity density is a limiting factor for a secondary cavity nester in second-growth Andean temperate rainforests
	INTRODUCTION
	METHODS
	Study Area
	Forest Attributes and Cavity Density
	Resource Addition and Removal
	Secondary Cavity-nesting Bird Abundance
	Data Analysis

	RESULTS
	Forest Structural Attributes and Cavity Density
	Cavities as a Limiting Resource

	DISCUSSION
	Forest Attributes and Cavity Density
	Nest-Site Limitation
	Forest Management Implications

	Supplementary material
	Acknowledgments
	LITERATURE CITED


