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AssTrRACT. Endemic tapaculo birds (Rhinocryptidae) are biological indicators of habitat degradation
in the temperate forest of southern South America, but little is known about the physiognomical
features that determine the use of space in natural habitats. We studied the spatial structure and the
microhabitat use at different spatial scales of species of tapaculos in a well-conserved forest of NW
Patagonia (Argentina). We recorded the abundance of tapaculos and forest characteristics along
a 1500 m transect divided in 75, 20 x 20 m contiguous plots. We evaluated the spatial patchiness
in abundance of birds by Moran’s I correlograms. We disentangled the spatial variability of bird
abundance at three different, progressively finer (broad, intermediate, fine), spatial scales by using
Principal Coordinates of Neighbour Matrices analysis (PCNM). We assessed the microhabitat use
of each bird species with stepwise regression analyses using habitat physiognomical features as
independent variables and bird abundance predicted by PCNM at each spatial scale as dependent
variables. The clumps of Scelorchilus rubecula were smaller and more regularly distributed than
those of Pteroptochos tarnii. The PCNM analysis detected significant spatial variation at the different
scales for both bird species. Microhabitat use was only evident at the broadest spatial scale, but
differed between bird species. Scelorchilus rubecula used areas with higher tree cover and woody
plant volume but lower abundance of fallen branches, whereas P. tarnii was found mostly in areas
of higher abundance of branches but lower woody plant volume and plant species richness. The
differences between bird species in the use of space can also be interpreted in terms of differences
in body size, family system and feeding behaviour. The management of this temperate forest
needs to consider the scale- and species-specific response of endemic tapaculos to habitat features
in order to predict their response to the changes in heterogeneity that operate at different spatial
scales and are driven by different degradation processes.

[Keywords: understory birds, PCNM, Pteroptochos tarnii, Scelorchilus rubecula, spatial patchiness,
spatial scale]

ResuMeN. Estructura espacial y uso del microhabitat dependiente de la escala de “tapaculos”
(Rhinocryptidae) endémicos en un bosque templado de Sudamérica austral: Los tapaculos
(Rhinocryptidae) son aves endémicas del bosque templado de Sudamérica austral, que estan siendo
usadas como especies indicadoras de la degradacién de dicho habitat. Sin embargo, se sabe poco
sobre qué caracteristicas fisionémicas determinan el uso del espacio en los habitats naturales. Se
estudiaron la estructura espacial y el uso del microhdbitat a diferentes escalas espaciales de especies
de tapaculos en un bosque poco degradado del noroeste de la Patagonia (Argentina). Registramos la
abundancia de tapaculos y las caracteristicas del microhébitat a lo largo de un transecto de 1500 m
dividido en 75 parcelas contiguas de 20 x 20 m. La agregabilidad espacial de la abundancia de aves
se evalud a través de correlogramas de I de Moran. Utilizando Anélisis de Coordenadas Principales
de Matrices de Vecinos (ACPMV) se segregé la variabilidad espacial de la abundancia de aves en
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tres escalas diferentes: amplia, intermedia y fina. Ademas, se evalué el uso del microhébitat de cada
especie de ave con andlisis de regresiéon multiple usando las caracteristicas fisonémicas del habitat
como variables independientes y, como variables dependientes, la abundancia de aves predicha por
el ACPMV en cada escala espacial considerada. Los agregados espaciales de Scelorchilus rubecula
fueron mas pequerios y se distribuyeron de forma mas regular que los de Pteroptochos tarnii. El
analisis de ACPMYV detect6 variacion espacial significativa en la abundancia de aves para ambas
especies, a todas las escalas. Las relaciones entre las caracteristicas del microhdbitat y la abundancia
de aves fueron sélo patentes a la escala espacial mas amplia, y difirieron entre especies. Scelorchilus
rubecula escogid dreas con alta cobertura arbdrea y alto volumen de plantas lefiosas pero con baja
abundancia de ramas caidas, mientras que P. tarnii aparecié mayoritariamente en dreas de alta
abundancia de ramas caidas pero de bajo volumen de plantas lefiosas y baja riqueza especifica. Las
diferencias entre especies en estructura espacial y uso del microhébitat se interpretan también en
términos de tamarfo corporal, sistema familiar y comportamiento tréfico. La gestién y conservacion
de este bosque templado requiere considerar el grado de especificidad y de dependencia de la
escala espacial de la respuesta de los tapaculos a las caracteristicas del habitat. De este modo se
podra predecir la respuesta de estas aves a los cambios de heterogeneidad que operen a diferentes
escalas espaciales, por ser generados por diferentes procesos de degradacién.

[Palabras clave: aves del sotobosque, agregabilidad espacial, escala espacial, ACPMYV, Pteroptochos
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tarnii, Scelorchilus rubeculal

INTRODUCTION

The temperate forest of southern South Ame-
rica covers a narrow area on both sides of the
Andes range between 36° S and 55° S. This
habitat has insular characteristics, with low
species richness but high frequency of ende-
mism (Vuilleumier 1985; Armesto et al. 1996;
Armesto et al. 1998). In the last decades, this
forest has been rapidly disappearing because
of reduction and fragmentation of the forest
area by human encroachment, fire, agriculture,
cattle, logging and pine and eucalyptus planta-
tions (Lara et al. 1996; Estades & Temple 1999;
Pauchard & Villarroel 2002; Echeverria et al.
2006). All these forms of degradation alter the
habitat heterogeneity with detrimental effects
on plant and animal populations (Bustaman-
te & Castor 1998; Vergara & Simonetti 2004a;
Diaz et al. 2005). However, the negative effects
of these processes depend on the spatial scale
considered, since some changes only occur at
small scales (e.g., selective species cutting, re-
moval of dead plant material) whereas others
can cover larger areas (e.g., forest clearing).
The design of conservation and management
strategies for this forest must therefore take
into account the multi-scaled factors that
influence the distribution and abundance of
forest species (Lindenmayer et al. 1999; Lind-
enmayer 2000; Lindenmayer & Franklin 2002;
Haythornthwaite & Dickman 2006).

The effect of habitat degradation on this
temperate forest is usually assessed by the
response of animal species with strict forest
requirements, such as the tapaculos, an en-
demic group of understory bird species (Rhi-
nocryptidae) (Vergara & Simonetti 2004b;
Willson 2004). These birds are known to
respond negatively to habitat loss, isolation
of forest remnants as well as degradation
of vegetation structure (Sieving et al. 2000;
Vergara & Simonetti 2003; Sieving et al. 2004;
Vergara & Simonetti 2004a, 2004b; Willson
2004; Castellén & Sieving 2006; Vergara &
Simonetti 2006). Nevertheless, in order to
explain the response of tapaculos to habitat
and landscape changes, it is necessary to know
both the spatial structure of their populations
and their habitat requirements in unmodified
habitats. In this sense, the habitat use by ta-
paculos within the forest is expected to be
determined by the availability of vegetation
structures that provide refuge against preda-
tors and safe places for nesting (De Santo et
al. 2002; Reid et al. 2004; Vergara & Simonetti
2004b; Willson 2004). However, studies ex-
plicitly evaluating habitat use in undisturbed
forests are still lacking. Moreover, any study of
habitat use should take into account that these
birds may respond to different environmental
factors and habitat features at different spatial
scales (Orians & Wittenberger 1991; Pribil &
Pricman 1997; McCollin 1998; Hall & Mannan
1999; Lee et al. 2002). For example, landscape
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features, such as the type of forest patch, could
control bird presence at large-scale patterns,
whereas habitat structural elements, like the
number of canopy layers within a forest, could
account for small-scale variability of bird pre-
sence (Wiens et al. 1987; Jones 2001; Luck 2002;
Bakermans & Rodewald 2006; Cueto 2006).
Indeed, structurally complex habitats such
as the South American temperate forest may
provide gradients of internal structure (i.e.,
microhabitat heterogeneity) wide enough to
promote scale-dependent responses of forest
birds to habitat features.

In this study we evaluated microhabitat use
by two species of endemic tapaculos in an
undisturbed mature forest of north-western
Patagonia (Argentina) by assessing the rela-
tionships between forest characteristics and
bird abundance. We used a spatially explicit
approach enabling us to i) describe the spa-
tial structure of bird presence; ii) describe the
variability in microhabitat characteristics; iii)
dissect the spatial variation of bird presence
at different spatial scales within the forest;
and iv) identify the spatial scale(s) at which
tapaculos use microhabitats.

MATERIALS AND METHODS
Study area

The study was conducted in the Llao-Llao
Reserve, 25 km west of San Carlos de Barilo-
che, Rio Negro, Argentina (41°8” S, 71°19" W;
800 m.a.s.l.). The reserve covers 1220 ha and
has been a protected area since 1958, it never
supported cattle and logging was low before
the establishment of the reserve. A small forest
area (ca. 2 ha) of the reserve was cleared for
farming, but then was never farmed and the
forest is recovering since 1960. The only hu-
man activity allowed at present in the reserve
is recreation (i.e., hiking).

This native forest belongs to the Suban-
tarctic biogeographical region (Cabrera &
Willink 1980). Dominant canopy trees are the
evergreen southern-beech Nothofagus dombe-
yi and the conifer Austrocedrus chilensis. The
understory presents 15 woody species, but is
mainly dominated by the shrub Aristotelia chi-
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lensis and the bamboo Chusquea culeou (about
30% and 25% of total shrub cover, respective-
ly) that has a patchy distribution. These two
layers are well differentiated, with the tree ca-
nopy reaching up to 40 m and the understory
reaching 7 m. The forest has also small canopy
gaps of variable size generated by tree falls.
The bird community in the area is composed
of 24 species representing 17 families; the three
tapaculos species (Pteroptochos tarnii, Scelorch-
ilus rubecula, Scytalopus magellanicus) are re-
latively common (Amico & Aizen 2005). The
climate in this area is cold temperate, with a
dry season in spring-summer and a humid
season in autumn-winter. On average, only
12% of the annual precipitation (1800 mm)
falls during summer (December—February).
Snowfalls are common during winter. Annual
average temperature is 9 °C.

Methods

Sampling bird abundance and habitat fea-
tures was conducted along a 1500 m fixed-
distance linear transect that follows a trail
seldom visited by people. To assess spatial
micro-habitat use patterns of tapaculos, this
transect was subdivided in 75 contiguous
20 x 20 m plots. The starting point of each
plot was marked with flagging tape and a la-
belled stake in the ground. Along the transect
there were forest gaps, bamboo patches and
areas of higher density of understory treelets.
Difference in altitude among sampling plots
was less than 100 m.

Sampling was carried out during the austral
summer (February-March) that is, the post-
breeding season of the birds studied. Thus,
we considered that summer sampling was re-
presentative of both bird presence and habitat
use at the peak of seasonal bird abundance,
a key moment in the birds’ spatio-temporal
dynamic (Sieving et al. 1996; Sieving et al.
2000; Reid et al. 2004; Willson 2004; Castellén
& Sieving 2006).

Bird surveys

Bird surveys were carried out walking along
the transect and registering all birds encoun-
tered within 20 m on each side of the transect
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line. Every time a bird was seen or heard,
we registered the species, the plot where it
was present, the distance from the trail, the
forest layer occupied (canopy, understory or
ground) and its behaviour (feeding, moving or
perching). All surveys were carried out by the
same observer to minimize sampling errors.
A total of 15 surveys were performed from
6:30 to 8:30 am, between February and March
2005, avoiding rainy or windy days. We con-
centrated our sampling effort in the mornings
because these birds show more vocalization
activity at this time of day, facilitating detec-
tion (Willson et al 1994).

The species of tapaculos considered in this
study were: black-throated huet-huet (Pter-
optochos tarnii), chucao tapaculo (Scelorchilus
rubecula) and the Andean tapaculo (Scytalopus
magellanicus). The abundance of tapaculos was
estimated as the cumulative number of bird
records per plot across all surveys. Although
this parameter did not distinguish between
successive records belonging to the same or
different individuals or family groups of birds,
it was considered to be a fair estimate of the
frequency of use of a particular plot along
time, and thus, a suitable variable for repre-
senting the probability of occurrence of a given
species in a given sampling location.

Microhabitat characteristics

Habitat sampling was carried out by subdi-
viding each 20 x 20 m plot in eight subplots
(5 x10m) covering the whole area (four at each
side of the trail). In four non-adjacent subplots
(alternating sequentially left and right of the
trail) we measured the following six micro-
habitat structural variables that could affect
the presence of tapaculo species: 1) tree canopy
cover (%); 2) total understory cover (%); 3) un-
derstory bamboo (Chusquea culeou) cover (%);
4) understory volume; 5) abundance of fallen
branches and 6) richness of woody plant spe-
cies. We estimated the abundance of dead
stems and fallen branches and the woody plant
volume by means of a semi-quantitative scale
from 0 (none) to 5 (maximum). All these vari-
ables were calculated on a per plot basis, by
averaging values from the four subplots. The
richness of woody plant species was calculated
as the total number of woody species recorded

GC AMICO ET AL.

Ecologia Austral 18:169-180

per plot. Bamboo cover is considered to be rel-
evant for the presence of tapaculos (Ridgely
& Tudor 1994; Reid et al. 2004), whereas the
abundance of fallen branches as well as woody
plant volume may represent the availability of
feeding, refuge and nesting microhabitats (De
Santo et al. 2002; Reid et al. 2004).

Data analysis

The first analytical goal was to describe the
spatial aggregation (patchiness) in the abun-
dance of each bird species by means of Moran’s
I correlograms. A correlogram is a graph in
which spatial autocorrelation values of a given
parameter are plotted, on the ordinate, against
distance classes among sampling points (Leg-
endre & Fortin 1989; Legendre & Legendre
1998). The spatial autocorrelation value at a
given distance class x indicates how predict-
able, positive or negatively, is the abundance
of birds in a given point of the sampling frame-
work, as a function of the abundance of birds
in a sampling point located at the distance x.
Autocorrelation Moran’s index typically var-
ies between -1 (repulsion) and +1 (contagion),
with non-significant values close to zero. A
positive significant Moran’s I value indicates
the existence of a patch (or a peak of a patch)
ata given distance class, and a negative signifi-
cant value indicates the existence of a “valley”
between patches at two distance classes. The
difference in distance classes between positive
significant values in the correlogram indicates
the distance between the peaks of successive
aggregation patches in the transect. The same
is applied for negative values, but representing
the valleys between aggregation patches (the
areas with no presence of birds). Taking into
account our sampling design, we considered
30 distance classes of 50 m interval, using the
starting point of each sampling station as an
unidimensional coordinate. We chose this
number arbitrarily, in order to provide a high
level of spatial resolution for interpreting the
spatial structures of bird abundance and, at
the same time, to enable us to estimate most
autocorrelation indices with reasonable power
(i.e., all autocorrelation indices, except those
corresponding to the distance classes of 1450
and 1500 m, were calculated from more than
20 pairs of distances between points). In addi-
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tion, we tested for the relationship between the
abundance of different tapaculo species with
partial Mantel tests (Legendre & Fortin 1989).
A partial Mantel statistic is similar to a partial
correlation coefficient (with a value from -1 to
+1) and can account for the spatial position
of sampling points. This test will allow us to
evaluate if the distribution of one species along
the transect is independent of the presence of
the other. The significance level for the partial
Mantel test was determined by a permutation
procedure (from 1000 permutations). Both
spatial correlograms and partial Mantel test
were performed with R 4.0 statistical soft-
ware (Autocorrelation and Mantel programs,
respectively; Casgrain et al. 1997).

As a second analytical goal, we dissected the
spatial variability of the abundance per plot of
each bird species at different spatial scales, by
using Principal Coordinates of Neighbour Ma-
trices analysis (PCNM) (Borcard & Legendre
2002; Borcard et al. 2004). The PCNM belongs
to the family of spatial models designed to
cope with spatially-structured data, taking ex-
plicitly into account the presence of large-scale
spatial structures and/or fine-scale spatially
autocorrelated structures, and relating the
form of these spatial structures with environ-
mental factors (Borcard et al. 2004; Dray et al.
2006). As a first step, the PCNM achieves a
spectral decomposition of the spatial relation-
ships among all the sites in a given sampling
framework, creating new variables (spatial
predictors called vectors of principal coordi-
nates) that correspond to all the spatial scales
that can be perceived in the sampled dataset.
In our case, we used SpaceMaker 2 (Borcard &
Legendre 2004) to generate 50 PCNM vectors
from the 75 sampling points along the transect.
These vectors were then used as explana-
tory variables in a multiple regression model
against the bird abundance per plot (response
variable) in order to identify the spatial tem-
plates accounting for some spatial variability
in bird presence (those predictors significantly
correlated after fitting). All significant spatial
predictors were then partitioned into three
additive spatial submodels corresponding to
three progressively finer scales: broad (includ-
ing those significant predictors among the 14
first PCNM vectors, which would represent
progressively smaller patches from about 750
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to nearly 180 m in diameter), intermediate
(significant predictors among PCNM15 and
PCNM34, which would represent patches
from ca. 170 to nearly 80 m in diameter) and
fine scale (predictors among PCNM35 and
PCNM50, which would represent patches
from about 70 to nearly 65 m in diameter).
The coefficient of determination of each spa-
tial submodel represents the proportion of
predictable spatial variability accounted for
by each scale. Before fitting to PCNM spatial
submodels, the bird abundance of each spe-
cies was log-transformed and detrended from
significant linear trends (residuals of fitting
to the unidimensional coordinate; Borcard &
Legendre 2002).

Once the spatial variability of the bird abun-
dance per plot at three different spatial scales
was assessed, we evaluated scale-dependent
microhabitat use by relating this scale-de-
pendent variability to the characteristics of
the habitat. For that, we calculated the pre-
dicted values of bird abundance provided by
each of the aforementioned spatial submod-
els. Then, we used these predicted values
as response variables in multiple regression
models considering the six microhabitat vari-
ables as explanatory variables. We performed
backward elimination of explanatory variables
based on significance value and checked visu-
ally the linearity of the relationship between
the dependent and each (untransformed)
explanatory variable. Prior to the use of the
microhabitat tests, and in order to avoid the
inclusion in the regression models of highly
correlated explanatory variables, we checked
for the correlation among microhabitat vari-
ables by means of Pearson’s coefficient.

REsuLTS

Weregistered 229 tapaculos, from which 162
observations belonged to Scelorchilus rubecula,
56 to Pteroptochos tarnii, and 11 to Scytalopus
magellanicus. Most tapaculos were observed
on the ground or perching at the lowest un-
derstory level. Because of the small sample
size, no further analyses were performed for
S. magellanicus. We observed, on average,
10 individuals (range 3-16) per census for S.
rubecula, and four individuals (range 1-12)
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for P tarnii. The average number of observa-
tions of S. rubecula per plot was 2.1 (CV=70),
while for P. tarnii was 0.7 (CV=168). Most P.
tarnii were recorded in small groups, usually
of two individuals, occurring in the same or
in neighbouring plots. In three opportunities
we registered a family of four individuals,
two adults and two juveniles. Conversely, S
rubecula individuals usually were alone, some
of them being juveniles.

Spatial patchiness of bird presence

Moran’s I correlograms revealed significant
spatial autocorrelation in bird abundance,
with different spatial structures between
species (Figures 1). Scelorchilus rubecula cor-
relogram, with five successive and regularly
distributed changes from positive to negative
significant Moran’s I values (Figure 1b), sug-
gested the occurrence of patches of similar

[ Scelorchilus rubecula

Abundance
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size (about 150 radius), separated regularly
(peaks nearly every 300 m) along the transect
(Figure 1a). Pteroptochos tarnii presence was
also patchy, but with a less regular spatial
structure: three large patches of variable size
(100 to 250 m radius), separated by variable
distances (300 to 800 m, Figure 1d). On the
other hand, S. rubecula distribution along the
transect was independent of the presence of P.
tarnii (partial Mantel test: r=-0.066, P=0.123).

Variability in microhabitat features

All the microhabitat characteristics showed
strong variation along the transect (Table 1).
Measurements of most variables were found
to cover the whole range of potential values in
their respective gradients. The coefficients of
variation suggested highly aggregated spatial
distribution for all variables (Table 1). Micro-
habitat features showed some correlations

Pteroptochos tarnii c
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Figure 1. Abundance (cumulative number of records) of Scelorchilus rubecula and Pteroptochos tarnii in
different sampling plots along the 1500 m transect (a, c) and spatial correlogram (b, d). Solid symbols
indicate significant Moran’s I values (P<0.05), for globally significant correlogram after sequential

Bonferroni adjustment.

Figura 1. Abundancia (niimero acumulado de registros) de Scelorchilus rubecula y Pteroptochos tarnii en
diferentes parcelas de muestreo a lo largo de la transecta de 1500 m (a, c) y correlograma espacial (b, d).
Los circulos llenos indican valores significativos de I de Moran (P<0.05), para correlograma globalmente
significativo después del ajuste secuencial de Bonferroni.
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among them. The understory cover showed a
positive and significant relationship with the
abundance of branches, woody plant volume
and bamboo cover (Table 2). Bamboo cover
was positively correlated to woody plant vol-
ume but negatively correlated to the number
of plant species.

PCNM analysis and variation of bird presence at
different spatial scales

Five out of the 50 PCNM variables were sig-
nificant for S. rubecula abundance (Table 3),
distributing equitably among the three spatial
submodels (two on broad, two on intermediate
and one on fine scale), the whole spatial model
explaining ca. 32% of the spatial variability. In
the case of P. tarnii, three out of the 50 PCNM
variables were significant, two of them cor-
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responding to the broad scale and one to the
fine scale (Table 3). The whole spatial model
explained nearly 28% of the spatial variability.
The broad-scale spatial submodel accounted
for most of the predictable spatial variability
in the abundance of both bird species (Table 3),
spatial randomness increasing with decreasing
scale. The periodic bumps depicted by predict-
ed values of broad spatial models (Figures 2)
fitted well with the large-scale patches sug-
gested by correlograms (Figures 1).

Scale-dependent microhabitat use

The relationship between the predicted
values of bird abundance at different spatial
scales and microhabitat characteristics was
only significant at the broad scale. The coef-
ficient of determination was not significant

Table 1. Microhabitat characteristics of the temperate forest. Coefficient of variation (CV), maximum
(Max) and minimum (Min) values for each of the six variables measured. Abundance of fallen branches

and understory volume: 0=none, 5=maximum.

Tabla 1. Caracteristicas del microhabitat del bosque templado. Coeficiente de variacién (CV), valores
maximo (Max) y minimo (Min) para cada una de las seis variables relevadas. Abundancia de ramas caidas

y volumen del sotobosque: 0=ninguno, 5=maximo.

Variable Mean Median Cv Max Min
Tree cover (%) 71.8 82.5 40 100 0
Understory cover (%) 73.0 80.0 34 100 10
Branches 1.6 1.5 45 3.3 0
Volume 2.6 2.7 44 5 0
Bamboo cover (%) 31.3 17.5 104 97.5 0
Num. of species 7.3 7.0 32 13 2

Table 2. Spearman correlation between microhabitat characteristics (upper hemi matrix: coefficients of

correlation; lower hemi matrix: significance level, P).

Tabla 2. Correlaciones de Spearman entre las caracteristicas del microhébitat (hemimatriz superior:
coeficientes de correlacién; hemimatriz inferior: niveles de significancia, P).

Understory Bamboo Num. of
Tree cover cover Branches Volume cover species
Tree cover 1 0.098 0.359 0.021 0.030 -0.043
Understory cover 0.402 1 0.589 0.879 0.500 0.079
Branches 0.002 <0.001 1 0.545 0.107 0.034
Volume 0.861 <0.001 <0.001 1 0.616 0.054
Bamboo cover 0.801 <0.001 0.362 <0.001 1 -0.293
Num. of species 0.712 0.498 0.771 0.642 0.011 1
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Table 3. Summary of multiple regression models
fitting the abundance of each tapaculo species to
PCNM vectors. Also shown are: the significant
PCNM vectors for each spatial submodel
representing three progressively finer scales, the
coefficient of determination (R?) for the total spatial
model and the coefficient of significance p value.

Tabla 3. Resumen de los modelos de regresién
multiple ajustando la abundancia de cada especie
de tapaculo a los vectores de ACPMV. Se indican
los vectores de ACPMV significativos para cada
submodelo espacial (amplio, intermedio, fino),
el coeficiente de determinacién (R?) para todo el
modelo espacial y el valor de significancia.

Scelorchilus ~ Pteroptochos
rubecula tarnii
Scale abundance abundance
Broad
PCNM vectors 3,12 7,14
R? 0.15 0.23
P 0.011
Intermediate
PCNM vectors 30,31
R? 0.08
P 0.049
Fine
PCNM vectors 39 40
R? 0.09 0.05
P 0.043 0.007
R? Total 0.32 0.28

for S. rubecula at the intermediate and fine
scales (R?=0.12, P=0.234; R?=0.03, P=0.95, re-
spectively) and for P. tarnii only at a fine scale
(R?=0.06, P=0.745). Multiple regression mod-
els at broad-scale with microhabitat features
accounted for ca. 27% of the variance for S.
rubecula and nearly 17% for P. tarnii (Table 4).
Nevertheless, the models incorporated differ-
ent microhabitat characteristics with different
signs for each bird species. Scelorchilus rubecula
showed positive relationships with tree cover
and woody plant volume and a negative rela-
tionship with abundance of branches (Table 4,
Figure 2). On the other hand, P. tarnii pres-
ence at the broad scale related positively to
the abundance of branches, and negatively to
woody plant volume and the number of plant
species (Table 4, Figure 2).
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Table 4. Summary of stepwise regression models
fitting microhabitat characteristics to the values of
abundance of the two tapaculo species, predicted by
the broad spatial submodel from previous PCNM
(see Table 3). Also shown are: the coefficient
of determination (R?) for the whole model, the
standardized regression partial coefficient and the
level of significance p value.

Tabla 4. Resumen de los modelos de regresién
multiple ajustando los valores predichos de
la abundancia de tapaculos del submodelo a
macroescala (generado previamente por el ACPMV
a las caracteristicas del microhébitat (ver Tabla 3).
Se indican, para cada especie de ave, el coeficiente
de determinacién (R?), los coeficientes parciales
de regresion y los valores de significancia cuando
P<0.1.

Scelorchilus Pteroptochos

rubecula tarnii
R? 0.270 0.162
Tree cover 4.58 (p<0.001)
Branches -1.93 (p=0.057)  2.57 (p=0.012)
Volume 2.11 (p=0.038) -1.84 (p=0.068)
Num. of -2.60 (p=0.011)
species

Discussion

Our study suggests that Scelorchilus ru-
becula and Pteroptochos tarnii, two species of
tapaculos co-occurring in the same areas of
well-conserved temperate forests of northern
Patagonia, showed different population spa-
tial structures and forest habitat use patterns.
Moreover, each species is distributed within
the forest independently of the presence of the
other; our data suggest lack of competition or
facilitation between species.

Spatial autocorrelation and PCNM analy-
ses evidenced a patchy distribution in bird
records, meaning that some plots in the
transect were significantly more used by
tapaculos than others. Moreover, patchiness
differed between tapaculos species, with S.
rubecula showing smaller and more regularly
distributed patches than P. tarnii. Besides the
potential effect of habitat features on the bird
population spatial structure (see below), dif-
ferences in patchiness may be explained in
terms of differences between species in terri-
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toriality, body size and family structure. Inthe  spatial patchiness of this species changes. If
first place, as S. rubecula has a strong territorial ~ this is the case, the area required by P. tarnii
behaviour (Sieving et al. 1996) we hypothesize ~ will probably vary depending on the time of
that the sampled individuals showed a greater ~ year, increasing after the chicks” hutch.

regularity in territory distribution, because
they moved and/or were established in new
areas at the end of the reproduction season. On
the other hand, differences in average patch
size seem to correspond to differences in body
size, as S. rubecula weighs on average 40 g,
whereas P. tarnii weighs 150 g (Sieving et al.
2000). Therefore the former requires smaller
average home ranges, that may affect the size

9f t.)lr.d clusters. In addition, the n}lm})er of patterns depicted by correlograms. More im-
1nd1v1dgals obse.rved for' each Specles I ONE  yortantly, the dissection of spatial variance by
plot or in the nelghbourlng plots differed as |1 ,0ans of the PCNM enabled us to identify
well. In fact, P. tarnii was found more oftenin (1ot habitat features contribute the most to
groups (more than one individual per plot)  the major trends of spatial patchiness of each
than S. rubecula. This pattern can be related  bird species. In fact, habitat variables affected
to the family system of the former species, each bird species differently (Sieving & Karr
adults moving with juveniles at the time of  1997; Parker et al. 2005; Peh et al. 2005). Forest
sampling, resulting in the need for a bigger  cover, a major structural feature assumed to
feeding area for the group. It might be that be decisive for the persistence of most forest
when the juveniles abandon the adults, the bird species was only positively significant

Our spatially-explicit analysis allowed to
identify the most significant scales for va-
riation in bird abundance within the spatial
extent of the sampling transect, as a previous
step to assess microhabitat use. In both spe-
cies, spatial predictability was higher at the
broader scale, the spatial patchiness depicted
by the predicted values of abundance at this
scale being concordant with the aggregation
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Figure 2. Abundance of birds (cumulative number of records) predicted by the broad spatial submodel of
PCNM (thin line) and in thick line for Scelorchilus rubecula the percentage of tree cover (a) and volume of
woody plants (b); and for Pteroptochos tarnii the abundance of branches (c) and number of woody species
(d) in different sampling plots along the 1500 m transect.

Figura 2. Abundancia de aves (nimero acumulado de registros) predicho por el ACPMYV a escala espacial
amplia (linea fina) y en linea gruesa para Scelorchilus rubecula el porcentaje de cobertura arbérea (a) y
volumen de plantas lefiosas (b); para Pteroptochos tarnii la abundancia de ramas caidas (c) y ntimero de
especies lefiosas (d), en las diferentes parcelas de muestreo a lo largo de la transecta de 1500 m.
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for S. rubecula. On the other hand, the effect
of the abundance of branches was positive
for P. tarnii but negative for S. rubecula. The
tendency was reversed for the volume of un-
derstory woody plants, S. rubecula preferring
plots with high volume whereas P. tarnii occu-
pying low understory volume areas. Similar
relationships with woody plant volume had
been found for these birds in Chile (Reid et al.
2004; Diaz et al. 2005). Conversely, we did not
detect any effect of bamboo cover, as had been
previously suggested for S. rubecula (Reid et al.
2004). However, in that study the bamboo spe-
cies was Chusquea quila and not C. culeou, and
the cover was very different in both studies:
75% in Reid et al. (2004), while in our study it
was less than 40%, thus this may explain why
there was no effect in our study.

Microhabitat use differences between spe-
cies reported here could also be associated to
differences in feeding behaviour and diet. In
this sense, S. rubecula has been reported to be
an omnivore, mostly feeding on insects but
also on fleshy fruits or seeds (Correa et al.
1990). The diet of P. tarnii is unknown, but
it is considered to be mainly an insectivore.
Regarding their feeding behaviour, P. tarnii
searches for food principally on the ground
and outside dense bamboo patches (authors’
unpublished observation), removing ground
litter (debris, soil, leaves, etc.) with its legs. On
the other hand, S. rubecula never uses its legs
to search for food and most of the observatio-
ns were in dense patches. This species takes
insects from the ground or from low levels
of the understory but without removing any
material. This behaviour will promote the pre-
ference for areas of high vegetation volume
where above-ground food is more abundant,
as corroborated by our data. Conversely, in
areas with low vegetation volume it would be
easier for P. tarnii to remove ground material
to find food.

Conservation and management implications

Endemic tapaculos have been identified as
species highly susceptible to forest habitat
loss and therefore, they have been used as
indicators of degradation of temperate forest
in southern South America (Sieving et al.
1996; Sieving et al. 2000; Castellén & Sieving
2006). Moreover, species such as S. rubecula
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are known to use degraded forest areas de-
pending on understory vegetation structure
(Castellon & Sieving 2006). Despite of previous
findings evidencing habitat-bird relationships
at the large scale in fragmented landscapes,
conservation plans based on relationships
between tapaculos abundance and micro-
habitat features within unmanaged forest is
absent. We present here two findings to be
considered as management guidelines for
these birds and their natural habitats. First,
microhabitat priorities are species-specific,
with no common multi-specific response to a
single habitat feature, and thus different forms
of habitat degradation or even management
may affect different species diversely. For
example, S. rubecula would be affected by
forest cover losses, whereas P. tarnii would
be even affected by the removal of dead
branches (a common practice in forest fire
prevention even in protected areas). Second,
bird population patchiness and microhabitat
use is scale-dependent, most of habitat-bird
relationships emerging at particular scales
within the extent of forest stands. In this sen-
se, the size of patches of birds may be used as
a threshold grain size above which the diffe-
rent forms of habitat modification should be
avoided. Thus, taking into account the diffe-
rences in patch size between bird species, the
management recommendation is that forest
canopy removal would be only acceptable in
small patches, even smaller than the removal
of fallen branches within the forest. Clearly,
the management of this South American tem-
perate forest requires a multi-scale approach
that considers the specific response of forest
birds to the changes in forest heterogeneity at
different spatial scales.
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