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Abstract

Context Although small isolated habitat patches
may not be able to maintain a minimum viable
population, small patches that are structurally isolated
may be functionally connected if individuals can cross
the gaps between them, in which case, their areas
could be added to form a larger habitat patch,
eventually surpassing the size threshold for holding a
viable population.

Objectives We studied whether models based on the
size and isolation of habitat patches could be used to
predict the distribution of the Chestnut-throated Huet-
Huet (Pteroptochos castaneus) in fragmented land-
scapes of the coastal range of the Maule region, central
Chile.

Methods We selected seven 10,000-ha landscapes
(8.4-70.7% forest cover). For each habitat patch we
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made 18 predictions of the presence of the species
based on the combination of two thresholds: three
critical patch sizes for maintaining a viable population
(62.5, 125 and 250 ha) and six critical isolation
distances between patches (0, 10, 50, 100, 150 and
200 m). We used playbacks in 59 sampling points to
estimate the species’ presence/absence. We used
logistic regressions to test whether the output of the
patch-matrix models could explain part of the varia-
tion in the presence of Pteroptochos castaneus.
Results The best predictions for the presence of P.
castaneus were obtained with the most conservative
scenarios (125-250 ha to 0-10 m), including a posi-
tive effect of the understory cover and a lack of effect
of the forest type (native or exotic).

Conclusions Our findings suggest that the long term
persistence of P. castaneus may depend on the
existence of large and/or very connected forest tracts.

Keywords Habitat fragmentation - Functional
connectivity - Ground-dwelling forest birds -
Pteroptochos castaneus - Central Chile

Introduction

Habitat loss and fragmentation are considered major
threats to biodiversity conservation throughout the
world (Fahrig 2003). One of the main mechanisms of
the latter is the reduced viability of populations living
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in fragmented landscapes (Saunders et al. 1991).
Several studies have documented a reduced persis-
tence of species in smaller and more isolated habitat
fragments (Lens et al. 2002; Nanin et al. 2015; Zaiden
etal. 2015). Thus, if an isolated habitat patch is smaller
than the area required to maintain the minimum viable
population, it is expected that the population should
decline to extinction (With and King 1999).

The importance of landscape connectivity on
species persistence at the landscape level has been
widely stressed in the literature (e.g. Alderman et al.
2005; Crooks and Sanjayan 2006; Stevens and
Baguette 2008). Connectivity can be split into two
main domains: structural and functional. Structural
connectivity describes the topological relationships
among habitat patches without any consideration to
the specific attributes of the target organism (Kadoya
2009), while functional connectivity describes the
ease with which individuals can move through the
landscape, but explicitly considering the organism’s
behavioral response to landscape elements and their
spatial configuration (Kindlmann and Burel 2008).

An implication of the latter difference is that if
some small habitat patches are structurally isolated
(i.e. there is a gap between them) but functionally
connected (i.e. individuals can cross the gap), then
their areas could be summed up to form a larger habitat
patch, eventually surpassing the size threshold for
holding a viable population (Saura and Rubio 2010).
Therefore, modelling the effect of landscape frag-
mentation on a species’ population persistence will
require both a representation of the landscape config-
uration (e.g. patch size, shape, isolation, etc.) and the
relevant behavioral traits that describe the ways in
which the species interact with such landscape (e.g.
habitat selection, movement patterns, etc.).

A prediction of such models—supported by empir-
ical evidence—is that less mobile species, or species
that are reluctant to move into non-habitat areas, will
be more affected by landscape fragmentation (Toma-
sevic and Estades 2008). Among birds, large ground-
dwelling forest species are particularly sensitive to
habitat fragmentation (Thorton et al. 2012).

The coastal range of central Chile is dominated by
exotic Monterey pine (Pinus radiata) plantations and
scattered native forests fragments cover no more than
10% of the landscape (Estades and Temple 1999;
Echeverria et al. 2006). Throughout this region, total
forest cover (native and exotic) ranges from less than
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10 to more than 80%, usually contrasting with open
land uses such as prairies and crops. The use of
clearcutting for harvesting plantations exacerbates the
high contrast between forested areas and the landscape
matrix. The discrete nature of most land cover types in
this region makes size and distance landscape metrics
a potentially useful approach for the analysis of the
effects of landscape structure on biotic populations
(Wang et al. 2014).

The Chestnut-throated Huet-Huet (Pteroptochos
castaneus) is an endemic, ground-dwelling forest bird
of central Chile. It is found in both native forests and
pine plantations (Estades and Temple 1999), but
actively avoids open areas (Vergara and Simonetti
2003; Tomasevic and Estades 2008). Although the
species is not considered as threatened, it has been
used as a model for the study of the response of
ground-dwelling forest birds to landscape interven-
tions by the forestry industry (Vergara and Simonetti
2003; Tomasevic and Estades 2008, Ramirez-Collio
et al. 2017). In this article we report on a study aimed
at analyzing the effect of landscape configuration on
the occurrence of Chestnut-throated Huet-Huets in a
region dominated by industrial pine plantations.
Specifically, we tested the hypothesis that a model
based on the size and isolation of forest (native or
exotic) patches can successfully predict the occur-
rence of Chestnut throated Huet-Huets in landscapes
of Central Chile.

Methods
Study region

The study was conducted in the eastern slope of the
coastal range of the Maule Region, in Central Chile
(Fig. 1). This slope has a drier climate than the side
that faces the ocean and, thus, has a more patchy forest
cover. Also natural forests have a lower proportion of
Nothofagus trees and a higher cover of sclerophyllous
species such as Lithraea caustica, Peumus boldus, and
Quillaja saponaria, among others. We considered
these forests, plus pine and eucalypt plantations as
potential habitat for the species, as we have observed
its occurrence in all of these environments in the past
(Estades and Temple 1999; Tomasevic and Estades
2008; authors’ unpublished observations). On the
other hand, we defined the landscape “matrix” (sensu
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Fig. 1 Maule region, Central Chile, showing the location of the seven studied landscapes and a detail of the configuration of three of

them (habitat patches in black)

Forman 1995) as all “open” land covers, including
prairies, sparse Acacia savannas, wetlands and agri-
cultural fields.

Patch-matrix models

Within the study region we selected seven 10,000-ha
landscapes (Fig. 1) trying to include in our sample a
wide range of percentages of habitat cover
(8.4-70.7%) along with differences in landscape
configuration (patch sizes and isolation). This design
allowed us to cover a wide geographical range and, at
the same time, to be able to test for simultaneous patch

and landscape effects. We obtained the land use data
from the “Catastro y Evaluacion de los Recursos
Vegetacionales Nativos de Chile” (CONAF et al.
1999), updated in 2011 (available in http://www.
conaf.cl). This data source contains vector information
on major forest types for Chile, derived from pho-
tointerpretation and ground truthing.

For each habitat patch in the studied landscapes we
predicted the occurrence of the species based on two
thresholds: a critical patch size for maintaining a
viable population and a critical isolation distance that
determines which patches are functionally connected
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and, therefore, whose areas can be added as a larger
patch.

Sieving et al. (2000) estimated that the densities of
Pteroptochos tarnii, a similar species of southern
Chile, ranged approximately from 0.2 to 1.2 ind/ha.
Our own unpublished point count estimates indicate
that the densities of P. castaneus in the study region
hardly reach 0.8 ind/ha of forested habitats (average
(SD) density = 0.42 (0.17), n=70). In order to
account for the uncertainty in the species population
density we analyzed scenarios with different values
for this parameter. Thus, considering a number of 50
individuals as a minimum viable population size
(Franklin 1980), we used three different critical habitat
patch sizes: 62.5, 125 and 250 ha, associated to
densities of 0.8, 0.4 and 0.2 ind/ha, respectively. The
latter range includes the lowest known population
density for the sister species and the highest recorded
local population density for our study subject.

In a playback study, Tomasevic and Estades (2008)
showed that, when stimulated, territorial P. castaneus
made very few (35% of trials) intrusions into clearcut
areas, and those birds who did enter the open sites,
moved an average of only 16.4 m (max 35 m) before
returning to the forest. However, these authors argued
that these results might underestimate the capacity of
the species to cross gaps in the forest cover as non-
territorial juveniles might move larger distances.
Because of the uncertainty regarding the movement
capacity of the latter individuals, we considered
different scenarios covering a wide range of values
for the critical isolation distance: 0 (complete reluc-
tance to cross gaps), 10, 50, 100, 150 and 200 m.

By combining the three critical habitat patch sizes
with the six critical isolation distances, we produced
18 different models with their corresponding predic-
tions for the presence of P. castaneus in the different
habitat patches. For that purposes we geoprocessed the
habitat maps in Qgis 2.4, with the help of Conefor
plugin, and we developed spatially explicit models of
structural connectivity between the edge of habitat
patches (Saura and Torné 2009) at each landscape to
determine connectivity and habitat availability. The
procedure for the latter began with the identification of
isolated patches (i.e. distance to the nearest
patch > critical isolation distance). Then, if the size
of the isolated patch > critical habitat patch size, the
polygon was assigned a value of 1 (predicted presence
of the species). Otherwise, it was assigned a value of 0
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(predicted absence of the species). For non-isolated
patches, the algorithm identified clusters of patches
“functionally” connected (i.e. all patches that can be
reached by crossing gaps < critical isolation dis-
tance). All polygons in a patch cluster whose total
area > = critical habitat patch size were, then,
assigned a value of 1 (predicted presence), whereas
the rest were assigned a O (predicted absence). These
binary prediction maps were later used as predictors of
the actual occurrence of the species in the landscape
(see “Statistical analysis™).

Field work

During February (Austral summer) 2015, we ran-
domly distributed 59 sampling points within habitat
patches in the seven studied landscapes, with an
average of 8.4 (range 8-10) points per landscape.
Although we originally tried to sample 10 points per
landscape, access constraints prevented us from
reaching that number. The average (range) distance
between closest points within a landscape was 2681
(226-6707) m. We sampled a wide range of habitat
patch sizes (2.4-9392.8 ha, median = 253.6 ha). All
sampling points were located at a minimum distance
of 50 m from the forest/plantation edge. At each point
we used playbacks to estimate the presence/absence of
the species (Boscolo et al. 2006). We obtained a 1-min
recording of the species’ vocalizations from the site
www.xeno-canto.org (Xeno-canto 2015). We repro-
duced this recording with the help of an 8w speaker
using the following protocol: after arriving to the plot
and waiting for a moment, we played the 1-min
recording, followed by a 2-min wait and, then, by
another 1-m of playback. We finished our assessment
of the site with a 5-min wait. After that time we
recorded the presence of the species if one or more
individuals responded to the call, either vocally or by
approaching to us. If no responses were detected we
recorded the absence of the species in the site. Previ-
ous experience with P. castaneus (Tomasevic and
Estades 2008, authors’ own unpublished data) sug-
gests that the used protocol provides a reasonable
estimate of the presence of this highly territorial bird.
Each point was visited once during the study.

At each point we also recorded some habitat
variables such as the forest type (native or exotic)
and the cover (%) of the herbaceous (0-0.30 m),
understory (0.3—2 m) and canopy (2 m +) layers. For
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the latter we applied a visual assessment protocol used
by us in previous studies in the region in both native
forests and plantations (e.g. see Estades and Temple
1999; Tomasevic and Estades 2006).

Statistical analysis

Using a logistic regression (Hosmer and Lemeshow
2000) we tested whether the output of our patch-
matrix models would successfully explain part of the
variation in the occurrence of P. castaneus estimated
in the field. Logistic regression models have been
successfully used to assess the effects of habitat area
and isolation on fragmented animal populations
(Prugh et al. 2008; Zarri et al. 2008). For each of the
18 models we obtained the prediction (presence or
absence) for the coordinates in which we conducted
the playback study. Then, we used these numbers as an
independent variable in the regression, along with
covariates, such as the site’s vegetation attributes, the
total amount of habitat in the landscape, and the
geographic coordinates of each sampling point.

We tested the effect of the different patch-matrix
models separately, and compared their contribution
using the AICc criterion (Buckland et al. 1997).
Logistic regressions were conducted using the GLM
module of the r-project system (R Core Team 2013).

Results

We recorded the presence of P. castaneus in 20 of the
59 sampled points. Figure 2a shows the global accu-
racy (% true positives + true negatives) of the differ-
ent tested models, which tends to increase with lower
isolation distances and greater critical habitat patch
sizes.

Although most of the tried models showed a
significant positive effect on the occurrence of the
species, the three that had the best performance were
based on a critical patch size of 250 ha and a critical
isolation distance of 0 and 10 m (p = 0.005), and a
critical patch size of 125 ha and a critical isolation
distance of 0 m (p = 0.005), all with AICc = 65.8.
They also included a positive effect of the understory
cover (p = 0.03), Fig. 2B shows the AICc for all the
regressions including one of the 18 patch-matrix
models plus the effect of the understory cover.

The model including only the understory cover was
also statistically significant (p = 0.03, AICc = 74.9)
with a positive effect, as was the one including a
positive effect of the understory cover (p = 0.02) and a
positive effect of the total amount of habitat in the
landscape (p = 0.05), with AICc = 73.1. None of the
other covariates had a significant effect as predictors
of the presence of the species.

Discussion

Most available evidence would predict that a medium-
sized (24 cm, 130 g, authors’ data), ground-dwelling,
insectivorous forest bird, such as P. castaneus, might
be particularly sensitive to habitat fragmentation (e.g.
see Thorton et al. 2012; Powell et al. 2015). Our
observations seem to support this expectation. Thus,
our results show that the presence of P. castaneus at a
given point can be successfully predicted using
information about the patch’s size and isolation. And
although most of the tested models had a significant
effect on the presence of the species, the best
predictions were obtained when using the most
conservative  scenarios, assuming that large
(125-250 ha) patches may be required to sustain
viable P. castaneus populations. The best models also
assume that if patches are smaller than the critical size,
they can act as a larger one only if they are very close
to each other (10 m of isolation). The fact that three
models (125 ha-0 m, 250 ha-0 m and 250 ha-10 m)
made the same predictions (and, thus, had identical
effects as independent variables) is likely related to the
lack of all possible parameter combinations in the
studied landscapes that we sampled. For instance, in
the case of 0-m critical distance the sampled patches
> 125 ha were also larger than 250 ha.

Predation risk might force large, conspicuous birds
to be more conservative when crossing forest gaps
(Belisle and Desrochers 2002). Previous observations
indicated a clear reluctance of territorial individuals on
P. castaneus to leave forested areas, likely as a
predation avoidance behavior (Tomasevic and Estades
2008). We cannot claim that O or 10 m are “real”
critical isolation distances for the species, because
these value are indirectly tied to an arbitrary definition
of a minimum viable population size of 50 individuals,
and also because we only tried a limited set values for
the studied parameters. Also, 10 m may well be under
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the precision level of the database used to build our
models. Thus, we interpret our results qualitatively
only as a clear indication that P. castaneus may require
very large and/or very connected habitat patches to
persist in the landscape. The latter is in agreement with
the notion that PVA-derived models might be better at
producing relative than absolute predictions (Ball
et al. 2003).

Awade et al. (2012) conducted a similar study with
a ground-dwelling bird (Pyriglena leucoptera) of the
Brazilian Atlantic forest. They concluded that using a
probabilistic approach to gap crossing events was
better to analyze the effects of fragmentation on these
birds than using a binary model such as the one used by
us. However, we consider our simpler approach more
in accordance with the nature of the data available to
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us. Because natal dispersal may be an important
mechanism in determining the distribution of birds in
fragmented landscapes (Witter and Berggren 2007)
and we did not possess information on such factor
(neither did Awade et al. 2012, as they explicitly
acknowledged), we opted for a more conservative
qualitative approach to the problem, comparing a wide
range of movement capacities.

Besides the mentioned limitations of our study,
there are other factors that prevent us from deriving
precise management recommendations. We can iden-
tify at least two. First, there might be differences in the
actual sizes and shapes of some of patches we used in
our analyses, as we worked with a land use database
from 2011, and, also, some of the plantation stands
might have been clearcut during the time of our field
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study, rendering a smaller effective forested area. The
second source of “noise” in our model comes from the
fact that the presence of individuals in some of our
sample sites may not be evidence of a viable
population but a case of extinction debt (sensu Tilman
et al. 1994). Thus, some local extinctions might still be
in process in the less favorable conditions, which
would likely exacerbate the observed pattern in the
future.

The observed general pattern is consistent with the
finding of a positive effect of the percentage of habitat
cover at the 10,000-ha landscape level on the occur-
rence of the species in a sampling plot. The amount of
remaining habitat in the landscape has a negative
association with the degree of isolation between
habitat patches and a positive relationship with the
average patch size (Fahrig 2003, 2013) and, conse-
quently, has been shown to have a significant effect on
the persistence of forest birds in fragmented land-
scapes (Fahrig 2002; Radford et al. 2005; Betts et al.
2007).

Other interesting result was the fact that P. casta-
neus did not seem to discriminate among forest types,
as suggested by the lack of a statistical effect of this
factor on the presence of the species. This agrees with
previous observations that indicate that the species can
use artificial vegetation (e.g. pine plantations) if it has
a sufficient tree cover (Estades and Temple 1999;
Tomasevic and Estades 2008). In our case we also
detected the species in an eucalypt stand and even in
some partially burned pine plantations.

A third clear pattern was the positive effect of the
understory cover on the probability of recording the
species in a given site. This result is also in agreement
with several studies that have shown that the abun-
dance of Rhinocryptids, including P. castaneus, is
positively related to the density of the understory
(Estades 1997; Estades and Temple 1999; Reid et al.
2002; Vergara and Simonetti 2003; Diaz et al. 2005;
Tomasevic and Estades 2008, Ramirez-Collio et al.
2017). A complex, dense understory provides with
many resources for this species, including habitat for
the insects that constitute its main food item and
protection against predators (Tomasevic and Estades
2008).

Our results clearly suggest that the long term
persistence of a ground-dwelling bird such as the
Chestnut-throated Huet-Huet may depend on the
existence of large and very connected forest tracts

(native or not), ideally with well-developed understo-
ries. Although the latter conditions are relatively
common in most of the Maule coastal range, while we
were writing a first draft of this paper, a large portion
of this region was burnt by the worst forest fires ever
recorded in Chile (CONAF 2017). Sadly, not only
these fires may have destroyed a large proportion of
the habitat of the species, but also raised public
concern about the dangers that large continuous tracts
of forest may pose for the spread of fire. Hopefully the
redesign of a firebreak system in this region will take
into account the biology of fragmentation-sensitive
species.
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