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ABSTRACT — Fragmentation and degradation of forest habitats affects (the susceptibility of several species
is high) highly sensitive species, provoking a serious decrease in biodiversity. To deal with this problem it
is necessary to consider the conservation level of bioindicator species and the development of a sustainable
forest management of the natural resources. Within this framework, the current study poses the statistical
binomial logit modeling to identify the potential habitat of endemic birds (Rhinocryptids) in rain forests
in the south of Chile, biodiversity “hostpot” worldwide. The research allowed to identify a potential area
of habitat of 14619 hectares with high probability presence of the studied birds. This area presented certain
habitat constraints both topographic and vegetation factors. The studied birds showed a high selection of
habitats associated to mixed forests of Nothofagus species, sites with high stratification and understory presence.
The low quantity of Rhinocryptidae family species was associated to exclusive forests of Araucaria araucana,
which exist at higher altitudes. The model of potential habitat of bioindicator birdlife (avifauna) within a
system of geographic information it is presented as an efficient tool of information among the degree of
alteration of ecosystems and for decision-makings in native forest management.

Keywords: Forest management; Conservation (preservation), Biodiversity.

MODELANDO DE HABITAT PARA FAMILIA DE RINOCRIPTIDOS EM FLORESTA TEMPERADA
NO SUL DO CHILE: APLICACAO A CORDILHEIRA DE NAHUELBUTA

RESUMO — A fragmentacdo e degradacdo de habitats florestais afeta espécies altamente sensiveis, causando
um sério declinio na biodiversidade. Para resolver este problema é necessario considerar o nivel de conservagdo
de espécies bioindicadoras e desenvolver o manejo florestal sustentdavel dos recursos naturais. Neste contexto,
o presente estudo sugere o uso de modelagem estatistica Logit binomial para identifica¢do de potencial habitat
de aves endémicas (Rinocriptidos) em florestas temperadas do sul do Chile, “hotspot” da biodiversidade
global. A pesquisa identificou um potencial de 14,619 hectares de habitat com alta probabilidade de presenca
das aves estudadas. Esta drea apresenta certas condigdes particulares de habitat, tanto topogrdficas como
de vegetagdo. As aves estudadas apresentaram alta selec¢ao de habitat associado com florestas mistas de
espécies de Nothofagus, locais com alta estratificacdo de vegetagdo arbustiva e presenca de sotoboque. A
baixa presenca de espécies Rinocriptidos foi associada com florestas puras Araucaria araucana, presentes
em altitudes mais elevadas. O modelo de habitat potencial bioindicador para as aves, integrado a um sistema
de informagdo geogrdfica, é mostrado como uma ferramenta eficiente de informagdo sobre o grau de alteragdo
dos ecossistemas e para tomada de decisdo na gestdo de florestas nativas.

Palavras-Chave: Gestdo de florestas; Conservagdo, Biodiversidade.
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1.INTRODUCTION

At global, regional and local levels a huge concern is
declared because of the loss of biodiversity (Hunter and
Brehm, 2003; Miranda et al., 2015) and homogenization
of landscape (Devictor et al., 2008). The existence of wider
diversity of species, genetic diversity and the ecosystem
structural complexity allow a bigger and better adaptation
of ecosystems to changes (Smith et al., 2000; Martin et
al.,2014). As opposed, ecosystems of fewer biodiversity
are more fragile and susceptible to disturbances (Graham
etal., 2006), facts that could alter its integrity and stability
more easily (Chapin et al., 2000).

Chile has a great variety of forest ecosystems, within
the native forests; rain forests in the south of Chile are
remarkable. These forests are highly fragmented because
of anthropic and natural pressures (Molina et al., 2016).
Forest fragments are considered one of the main shelters
of the biodiversity of the planet (Holanda et al., 2010),
that is why their care should be a priority for our governments.

Habitats degradation of bioindicator species could provoke
adecrease in biodiversity (Castellon and Sieving, 2006; Fahrig,
2003), by which the diagnosis and later decision making
is of great importance for sustainable management of the
resources and conservation of biodiversity (Lopez-Alfaro
etal., 2012; Singh and Kushwaha, 2011).

The present work aims at modeling of the potential
habitat of four species from the family Rhinocryptidae,
based on an analysis of the ecophysiographical variables
of importance in the presence of the selected species (Mezquida,
2004; Moreno et al., 2010; Naoki et al., 2006).

2. MATERIALAND METHODS

2.1 Study area

The study area is located in Nahuelbuta Mountain
Range, which corresponds to the section of the mountain
range of the coast of Chile located to the South of the
Bio-Bioriver (37° 11" S) and to the North of Imperial river
(382457 S) (fig 1). The selected area corresponded to
156732.24 ha, both public and private ownership, highlighting
the presence of the “Nahuelbuta National Park”.

2.2. Generation of ecophysiographical information for
the construction of the model

The model is based on topographical and ecological
variables. Topographic variables, altitude, slope and exposure
were used for evaluating these parameters using a digital
spatial resolution 25 x 25 m elevation model (Rodriguez
y Silvaetal., 2010).
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Figure 1 — Map of ubication of the study area.
Figura 1 — Mapa de localizagdo da area de estudo.

The altitudinal categorization was based on hight above
the sea level (Luebert and Pliscoff, 2004; Pliscoffand Luebert,
2006) defining three intervals or categories (< 895 m.a.s.,
895-1175m.a.s.land> 1175 m.a.s.1). The slope was categorized
in five categories (< 15%, 15-30%, 30-45%, 45-60% and
> 60%) in function of the types of vegetation management
prepared by native forest law, finally the exposure was
categorized into three categories (shade, partial —shade, and
sunny).

In relation to environmental variables, the
cartographic work allowed us to identify eight types
of land use: urban use, meadow, scrubland, plantation
and forest of Araucaria araucana, mixed forest of 4.
araucana and Nothofagus spp., Nothofagus spp. forest
and Nothofagus spp. forests with tolerant species.
Characteristics of the four forest types allowed to evaluate
differences in three strata canopy referred to: Dominant
(more than 75% of the sunburnt foliage), codominant
(between 50 -75% of the sunburnt foliage), intermediate
(between 25-50% of the sunburnt foliage) and delated
(less than 25% sunburnt tree tops)

2.3 Inventory of birds

The inventory of birds was carried out using the
method of listening stations (Blondel et al., 1981; Gonzalez-
Oreja et al., 2010). Fifty circular listening stations of
20 m radius were set up within the forests of the study
area, separated at 250 m. To eliminate the edge effect,
gathering the data less than 30 m from the axis of the
roads is bypassed (Bibby et al., 1992; Moreno et al.,

2010).
SIIF



Habitat modeling for the family of...

The inventory recorded the presence of birds in
each listening station according to their listening or
watching (Filloy and Bellocq, 2007). The study included
four species from the family of Rhynocryptidae:
Pteroptochos tarnii (Hued-Hued), Scelorchilus
rubecula (Chucao), Scytalopus magellanicus (Churrin)
and Eugralla paradoxa (Churrin de la Mocha),
designated as bioindicators of forests in balance and
high biodiversity (Moreno, etal., 2011; Soto-Mora and
Urrutia, 2010) by their specificity to the habitat.

2.4. Statistical analysis

The statistical analysis was based on the binomial logistic
modeling, whose result is interpreted as the probability
(p) for the prediction of the high diversity of birds, according
to a range of independent variables (predictors).

The selection of this model is justified by obtaining,
not only the probability of an event, but also the influence
or relative importance of the variables in the model (Graf
etal., 2005; Jalkanen and Mattila, 2000; Martin et al., 2014).
In addition to being more robust than other statistical techniques
when normal conditions are not met (Marti Ballester, 2012;
Quintero et al., 2017). The result will be the probability
that an area or potential habitat is associated with the presence
of a high diversity of Rhinocryptids.

3. RESULTS

The statistical model employed a differential of
the qualitative categories of exposure (o, 0, 0.,)
and the type of vegetation (awv,, av,, av,), and analysis
direct from the quantitative categories of altitude a., |
and slope a,,, (Table 1).

There were not Rhinocryptids listening or bird
watching in pure forests of A. araucana, so this category
of vegetation was deleted, generating the following

Table 1 — Model and coefficients.
Tabla 1 — Modelo e coeficientes.

Model

1

}<l):il+Exp(")’

x= (‘u +ay, l/(1)+Q'VZ V(Q)Jram V(})Jra/' P -y, E(|)+0~r,2 E(z)JrO‘m E(})_a,.r A)

Coefficients
-21,254 0,847 20,71
43,066 0,099 0,187
0,374 - 20,826 - 0,265

encoding of variables for the model: mixed forest of
A. araucana and Nothofagus spp. (aV ), Nothofagus
spp. forest, (aB,) and Nothofagus spp. forest with
species tolerant (aV,) and its ratios (B) and the
exponential coefficients (Exp (B)) for each variables
considered in the model (Table 2).

The goodness of fit of the models is collaborated
by Hosmer —Lemeshow test. The high significance
of'the test 0,911 according to the analysis performed,
indicating a good fit of the model, which can be
interpreted as the absence of significant differences
between the observed and predicted by the model
values. This test was supplemented by the coefficient
of determination of Nagelkerke. The value of y2 was
2.698 and R? of Nagelkerke reached the value 0f 0.42,
i.e. which explains 42% of the variance of the
ecophysiographical variable.

The application of the model and extrapolation
using the GIS obtained a map of potential Rhinocryptids
microhabitat for the zone of study (Fig.2). We used
five qualitative categories of potential habitat for the
visual interpretation of the results: Very Low (<20%),
Low (20-40%), Moderate (40-60%), High (60-80%) and
Very High (> 80%).

4 DISCUSSIONS

This study confirms the importance of
ecophysiographical variables in the selection of species
of fauna, mainly those bioindicators of the quality of
ecosystems, such as the species of the family of the
rhinocryptids (Amico etal., 2008; Moreno etal., 2011).
Such importance is increasing in highly vulnerable
ecosystems, such as the temperate forests of Chile,

Table 2 — Variables and coefficients (B, Exp (B)) model.
Tabela 2 — Variaveis e coeficientes (B, Exp (B)) modelo.

Variables B Exp(B)
Exposure

Exposure(1) - 20,826 1,108E9
Exposure (2) 20,710 9,870E8
Exposure (3) ,187 1,205
Slope ,099 1,104
Altitude -,265 ,767
Vegetation

Vegetation (1) 43,066 5,050E18
Vegetation (2) ,374 1,453
Vegetation (3) ,847 2,332
Constant -21.,254 ,000

Source: own elaboration
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Figura 2 — Mapa de microhabitat potencial preditivos
rinocriptidos.

due to the fragmentation of the native forest and high
anthropogenic pressure (Castellon and Sieving, 2007;
Echeverria et al., 2006).

The set of abiotic variables and vegetation allowed
a good prediction of potential habitat, based on the
selection/ use of the same habitat by studied birds,
confirming the utility of the logit model recommended
for studies with small size samples as those associated
with predictions of habitat (Martin et al., 2014; Jalkanen
and Mattila, 2000). The greatest biodiversity arose in
sun exposure and partial-shade areas, mostly the latter,
like other studies (Avendafio et al., 2015). Above 1,175
m altitude, the presence of the species studied
considerably decreased, in direct relation with the
presence of pure forests of A. araucana. Similarly,
a preference of the species was obtained by areas of
low and moderate slope (<45%), that could be associated
to limited mobility of birds occupants of the forest
floor (Moreno et al., 201 1; Krabbe and Schulenberg,
2017).

It has not been found an abundance of the species
selected in forest of Nothofagus with tolerant species,
possibly due to their high fraction of coverage canopy
and understory cover. Birds selected as potential habitat
forests of A. araucana and Nothofagus spp., usually
multi-structuraded with some coverage of the understory
(Amico etal., 2008; Hermes etal. 2017). less populated
the sites with a high presence of shade-tolerant species.
This fact is justified from the point of view of the need
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for a forest habitat, with a plant structure that provides
food, shelter from predators and security nest (Soto-
Mora and Urrutia, 2010) but not excessively closed
preventing mobility (Krabbe and Schulenberg, 2017).

Similarly, the number of strata of vegetation was
associated with the presence of the species selected
(Amico etal., 2008). The greatest biodiversity associated
with the presence of three strata of vegetation (dominant,
intermediate and suppressed) or four strata (dominant,
codominant, intermediate, and suppressed), which ratifies
the vulnerability of these birds to the degradation and
fragmentation of the mixed forests (4. araucana with
Nothofagus spp.). This study involved the absence
or low presence of birds studied in mono-stratification
forests or with low coverage of the canopy, which comes
to corroborate the fragility of these species before
natural and/or anthropogenic perturbations, involving
the loss of the multi layered structure forest.

The exponential model estimated from the information
generated by the listening stations, although it explains
only 42% of the variability in the range of variance
of the study, presents an acceptable value, close to
other similar models (Grafet al., 2005; Ludwig et al.,
2009). The low values of the statistical analysis in this
matter may respond to the great variability of the natural
environment and the need for a sample of larger size
for the modelling of ecological parameters (Anderson
etal., 2003; Ludwig et al., 2009).

The employment of the R?, as test of goodness
of fit the model should be analyzed with caution, since
it may not be construed as a determination coefficient
of a linear regression, given the pseudo-R-squared
(Lopez-Roldan and Fachelli, 2015), which prevents the
model reaches the value 1. The logistic model has been
built based on predictor variables categorized, that
determines which value of R?is only indicative, unlike
of in continuous variables (Bewick et al., 2005).

Extrapolation of the information to the area of study
using GIS identified 57.53% of the study area as “Very
high potential” (14530.17 ha) and 68.5% as potential
suitable for selected species (table 3).

From the studied area, there is a 26.73% which
presents associated characteristics to “very low potential
ofhabitat”, usually associated with pure 4. araucana
forests located above 1175 m.a.s.l and mainly with mono-
stratification and with low coverage in the understory
due to extreme weather conditions. These results support
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Table 3 — Potential microhabitat of the birds under study,
probability of presence and surface category.

Tabela 3 — Microhabitat potencial das aves em estudo, a
probabilidade de presencga e de superficie.

Potential Probability Surface Surface
microhabitat of presence (%) (ha) (%)
Very low 0-20 6751.07 26.73
Low 20-40 1189.33 4.71
Half 40-60 2698.45 10.68
high 60-80 88.42 0.35
Very high 80-100 14530.17 57.53
Total 25257.44 100

Source: own elaboration

the relevance and preference of the family of the
Rhinocryptids by Nothofagus forest (Moreno et al.
2014; Reid et al., 2004).

In Figure 2 you can see the distribution by
categorization of potential habitat. It is possible to
infer that there is the opportunity to generate biological
corridors or sectors of monitoring space of bioindicator
species (Sanchez-Azofeifa et al., 2002; Rouget et al.,
2006), which contribute to a more sustainable management
of forest ecosystems and its biodiversity.

5. CONCLUSIONS

Itis possible to establish a modeling of the potential
habitat of four species from the Rhinocryptidae family,
based on ecophysiographical variables: specifically,
in the case of birds studied, they present a greater
habitat selection in multi layered structure forest and
multispecies, understory media coverage with sunny
and partial- shade exposure.

The potential habitat of birds generated bioindicator
model, delivers relevant information as a tool for the
design of action measures for the conservation of
biodiversity and, consequently, sustainable forest
management, both for the selection of cutting methods
as for the promotion of the conservation of the diversity
of species present and the maintenance of ranges of
coverage of the understory, situations that would enhance
the sustainability of forest ecosystems of high ecological
value.

In the context of the sustainability of forests
temperate South of Chile, high ecological and landscape
value, a study of potential habitat should be incorporated
together variables of a topographical nature and
vegetation. Such importance is enhanced when it comes

SIIF

to the conservation of wildlife species, highly fragile
to degradation and fragmentation of its potential
ecosystems, such as birds of the Rhinocryptids group.
The availability of mapping of biodiversity and fragility
of these species may allow the design of biological
corridors or buffer of the loss of biodiversity and
mitigation measures.
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