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ABSTRACT
Capsule: Many protected forests at high elevations show higher endemic biodiversity than
unprotected habitats at low elevations. In seasonal ecosystems, however, harsh environmental
conditions during winter may force individuals to move from protected forests to unprotected
degraded forests in lowlands.
Aims: To examine how forest types and seasons affect avian diversity and habitat-use guilds in
protected and unprotected forests.
Methods: Habitat and seasonal avian surveys were conducted to test forest type and seasonal
differences on avian species richness, relative abundances and relative abundance of habitat-use
guilds.
Results: Twenty-three avian species (∼40% endemics) were recorded. Highland old growth forests
showed the highest richness (4.1–4.9 species/point count). The lowest richness was recorded in
mid-elevation secondary forests (3.1 species/point count). The highest relative abundances for
habitat-specialist understorey users and large tree users were recorded in highland old growth
forests. However, the abundance of large tree users was higher in secondary forests at low
elevations during colder seasons.
Conclusions: Some species and guilds may move to lower elevations outside protected areas
during winter. Increasing degradation of unprotected areas will likely affect the suitability of
‘winter habitat’ for specialist guilds, and thus the ecological processes and source/sink dynamics
occurring across boundaries of protected and unprotected areas.
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Protected areas play an essential role in biodiversity
conservation worldwide (Geldmann et al. 2013, Gray
et al. 2016). Although 12.7% of the Earth’s land surface
is protected, this surface is not considered enough to
halt loss of endemic biodiversity under current rates of
anthropogenic disturbance of terrestrial habitats
(Geldmann et al. 2013, Chauvenet & Barnes 2016).
UNESCO Biosphere Reserves are areas aimed to assist
in reconciling production activities (e.g. agriculture,
livestock farming) with biodiversity conservation
within and beyond protected areas (Ishwaran et al.
2008). Based on a management zonation system,
Biosphere Reserves comprise core areas (strictly
protected areas), buffer zones surrounding core areas
(delimited for low-impact activities) and transition
zones (where the greatest activity is allowed, but still

some conservation management is encouraged in
permanent cooperation with local stakeholders;
Mehring & Stoll-Kleemann 2011).

South American temperate forests are considered one
of the 35 global biodiversity hotspots because of their
high concentration of endemic species and high rates
of anthropogenic disturbance, including habitat
degradation (Myers et al. 2000, Echeverría et al. 2007,
Ibarra et al. 2014a). Anthropogenic disturbances have
not been distributed randomly across southern
temperate landscapes. In Andean temperate
ecosystems, continuous tracts of structurally complex
old growth forests are mostly found within National
Parks and Reserves (hereafter NPRs), with over 90% of
remaining forests in NPRs at high elevations (>700 m
above sea level (asl); Armesto et al. 1998). Old growth

© 2017 British Trust for Ornithology
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forests are usually located within core areas of Biosphere
Reserves. Conversely, lowlands are mostly used for
human settlement, intensive agriculture, livestock
farming and forestry; thus, lowland forest sites show
higher degrees of degradation than those located at
higher elevations (Ibarra et al. 2012).

A guild refers to a group of species exploiting the same
class of resources in a similar way (Root 1967, Simberloff
& Dayan 1991). Evidence is mounting that habitat
degradation strongly affects avian guilds with
specialized habitat requirements (Reid et al. 2004, Díaz
et al. 2005, Ibarra & Martin 2015a, Ibarra et al. 2017).
For example, the reduction of standing dead trees (i.e.
snags) had detrimental effects on the abundance,
diversity and richness of cavity excavators (e.g.
woodpeckers) in Loblolly Pine Pinus taeda forests of
North America (Lohr et al. 2002). Ribon et al. (2003)
showed that understorey species were more threatened
than other avian guilds by the degradation of Atlantic
forest fragments of southeastern Brazil. In coastal
forests of Chiloé Island, southern Chile, the abundance
of large tree users and understorey users was higher in
old growth compared to early successional forests
(Díaz et al. 2005).

In several ecoregions, avian diversity and dynamics
are also affected by seasonal changes in abiotic (e.g.
temperatures, snow depth) and biotic (e.g. food
resources, species interactions) conditions that vary
across elevation gradients (Virkkala 2004, Körner 2007,
Altamirano et al. 2015, Boyle & Martin 2015). Harsh
environmental conditions may force some avian
species to descend from protected old growth forests,
located in highlands, to unprotected degraded forests
in lowlands (Blake & Rougès 1997, Antelo & Brandán
2000, Boyle et al. 2010). For example, some species
may make short distance movements to lower
elevations during winter when the understorey is
covered by snow (Salewski & Bruderer 2007, Ibarra
et al. 2010). Therefore, avian community dynamics in
southern Andean temperate forests may be subject to
the interaction of habitat degradation and seasonal
changes occurring across elevation gradients, and guild
responses to these conditions may vary according to
their degree of habitat specialization (Díaz et al. 2005).
This is especially true in southern Chile, where most
avian species (∼80%) are distributed from the sea level
up to the tree line (Vuilleumier 1985).

The aim of this study was to examine how seasons and
forest degradation, along elevation gradients, affect local
species richness and relative abundance of forest avian
biodiversity in the Araucarias Biosphere Reserve,
southern Andes of Chile. We further tested the
interaction among seasons and forest types for use

guilds in core areas, buffer zones and transition zones.
We predicted that avian diversity (richness and relative
abundance) and the relative abundance of habitat-
specialist guilds were higher in highland old growth
forests located in core areas. However, considering that
old growth at high elevations becomes less suitable
habitat during colder months, we also predicted that in
autumn and winter, the abundance of habitat-specialist
guilds decreases in highland forests and increases in
unprotected forests in buffer and transition zones
located at low elevations. Our final objective was to
elucidate critical relationships between avian diversity,
forest types and seasons in mountainous temperate
ecosystems. This assessment can potentially be used by
environmental and forestry agencies to prevent species
losses, especially of endemic species, in a seasonal
global biodiversity hotspot from southern South
America.

Methods

Study area

The Villarrica watershed in the Andean zone of the La
Araucanía Region (39°15′S 71°0′W) has a temperate
climate with a short dry season of less than 4 months.
The area shows a mean precipitation of 1945 mm/year
that falls mostly as snow above 700 m asl (Luebert &
Pliscoff 2006). The watershed is characterized by an
elevation gradient from 230 to 2850 m asl at the
highest mountain peak (Rukapillan or Villarrica
Volcano). The Villarrica watershed is encompassed by
the Araucarias Biosphere Reserve, which was created in
1983. The Araucarias Biosphere Reserve comprises
2716 km2 of core areas, 3728 km2 of buffer zones and
5000 km2 of transition zones (Gedda 2014). Human
settlements in small to medium-sized villages and
towns are located in buffer and transition zones. These
are zones used mainly for livestock farming, other
agriculture and forestry.

During 2008–2009, we conducted seasonal avian
surveys across an elevation gradient from 600 to
1300 m asl. Core areas considered in this study were
the Villarrica National Park (630 km2), Huerquehue
National Park (125 km2), El Cañi Private Sanctuary
(5 km2) and Kawellucó Private Sanctuary (6 km2). The
elevation gradient comprised four forest types and a
total of eight forest stands were surveyed (two for each
forest type). Each replicate forest stand comprised an
area of at least 50 ha. The forest types surveyed were:
(1) old growth (>200 years old) Araucaria Araucaria
araucana and Lenga Nothofagus pumilio with the core
area located at 1250–1280 m asl; (2) old growth
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evergreen Mañío Saxegothaea conspicua and Tepa
Laureliopsis philippiana with the core area located at
870–920 m asl; (3) secondary forests (35–70 years old)
of Nothofagus dombeyi and Lophozonia obliqua with a
buffer zone located at 700–850 m asl and (4) disturbed
forests under both livestock pressure and logging use,
with the transition zone located at 550–700 m asl.

Habitat inventory

At each of the eight forest stands, we randomly
established a 140 m transect with eight habitat plots
(N = 64) separated by a minimum distance of 20 m
away from the next (Ibarra et al. 2012). At each plot
we measured: (i) canopy cover (%); (ii) density of
understorey up to 3 m high (number of contacts [CN]/
3 m), following Díaz et al. (2006); (iii) diameter at
breast height (DBH, in cm); (iv) density of all trees
larger than 10 cm in DBH (number/ha), following
Mueller-Dombois & Ellenberg (1974) and (v) density
of standing dead trees or snags (number/ha; Ibarra
et al. 2012). Values of each habitat attribute for the
eight plots were averaged and thus a single mean value
was obtained for each stand.

Avian surveys

Each forest stand was surveyed during autumn (April),
winter (August–September), spring (November) and
summer (January). Surveys were conducted between
06:00 and 10:00 hours on clear days. We used a fixed
radius point count of 50 m (Bibby et al. 1992), and
recorded all bird species heard or seen within a 7-
minute time period (Ralph et al. 1995). Point count
stations were established along transects randomly
located within each stand. We established a minimum
distance of 125 m between point counts to avoid
counting the same individuals on neighbouring stations
(Bibby et al. 1992). For each season we conducted five
point counts per stand (160 point counts conducted),
totalling 1120 minutes of survey time.

Data analysis

Although five point counts per stand is generally
considered an adequate sampling effort to completely
describe avian diversity per stand in southern
temperate forests (Jiménez 2000, Ibarra & Martin
2015a), no comprehensive information exists on
adequate sampling effort per stand in seasonal surveys
(Rozzi et al. 1996). Therefore, to assess our sampling
effort of point count data, we constructed sample-
based rarefaction accumulation curves for autumn,

winter, spring and summer for each of four forest
types. Adequate effort measuring species richness of a
particular system occurs when there is no longer an
increase in species as individuals accumulate (Gotelli &
Colwell 2001). The accumulation of species richness
was plotted against the number of individuals from
1000 random ‘runs’ without replacement conducted in
the program EstimateS (Colwell 2009). This approach
controls for non-randomness in the way samples are
ordered which could affect the shape of the
accumulation curve (Southwood & Henderson 2000).

Following Díaz et al. (2005), we categorized each
avian species in a habitat-use guild, based on its
primary use of forest structure for nesting and/or
feeding. These guilds included: (1) understorey users
(species that meet their feeding, refuge and nesting
requirements under dense understorey vegetation,
chiefly bamboo), (2) large tree users (species that feed
and nest in large decaying and standing dead trees), (3)
vertical profile generalists (species that use the entire
vertical profile of forest stands, including canopy and
sub-canopy structures) and (4) shrub users (species
that mostly use open areas of shrub but sometimes
occur in forest). Understorey users and large trees
users were habitat-specialist guilds while vertical profile
generalists and shrub users were habitat generalist
guilds (Ibarra & Martin 2015b).

We tested forest type and seasonal differences on
avian (i) species richness, (ii) relative abundances (i.e.
number of individuals per point count) and (iii)
relative abundance of habitat-use guilds. Only species
considered as forest users were included in the analysis
(Ibarra & Martin 2015b). We conducted two-way
repeated measures analysis of variance (ANOVA) to
test differences on mean species richness, relative
abundance and relative abundance of habitat-use guilds
among forests types, seasons and their interactions.
Least significant difference (LSD) and Bonferroni post
hoc tests were used to conduct pairwise comparisons
across forest types and across seasons. Species richness
and relative abundances were not normally distributed
(Kolmogorov–Smirnov test; P > 0.05), and so data were
log (x + 1) transformed.

Results

Avian diversity across forest types and seasons

In the Araucarias Biosphere Reserve, increasing levels of
habitat disturbance were associated with changes in
stand-level attributes that provide habitat for birds
(Table 1). Mean tree DBH, understorey density and
snag density declined with increasing habitat
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disturbance across forest type treatments (disturbed >
secondary > old growth; Table 1). A total of 23 avian
species in 14 families were recorded and classified
according to habitat-use guild (Table 2). The
Tyrannidae family had the highest species richness
(four species, 17.4%). Nine avian species (39.1%) were
endemic to South American temperate forests and ten
(43.5%) were restricted to southern South America
(Table 2). Rarefaction curves showed that, although an
asymptote was not reached for winter in old growth
Araucaria-Lenga and secondary forest stands, the
curves reached marginal levels of increase for most
forest types and seasons (Figure 1).

We found differences for species richness across forest
types (F3,36 = 4.88, P < 0.01; Figure 2(A)). Old growth
Araucaria-Lenga stands showed the highest values for
species richness, but were not significantly different
from old growth Mañío-Tepa stands. Disturbed forest
stands showed similar species richness to both old
growth Mañío-Tepa and secondary forest stands
(Figure 2(A)). We did not find significant differences
on relative abundances across forest types but there
was a trend (F3,36 = 2.82, P = 0.052; Figure 2(A)).

We found seasonal differences for species richness and
relative abundances (F1,36 > 7.08, P < 0.05; Figure 2(B)).
The highest values for species richness were recorded

Table 1.Mean (± se) habitat structural attributes for eight forest stands in core areas (CA), buffer zones (BZ) and transition zones (TZ) in
the Araucarias Biosphere Reserve, southern Chile.

Forest type
Biosphere Reserve

zonation
Canopy cover

(%)
Understorey density

(number of contacts/3 m) DBH (cm)
Tree density
(number/ha)

Snag density
(number/ha)

Old growth
Araucaria-Lenga

CA 54.7 ± 40.7 3.4 ± 0.7 52.5 ± 33.5 207.9 46.0
CA 81.3 ± 21.7 2.1 ± 1.1 48.9 ± 36.6 616.3 14.0

Old growth Mañío-
Tepa

CA 56.3 ± 34.7 2.6 ± 0.5 67.7 ± 44.9 170.6 13.0
CA 57.3 ± 41.5 1.0 ± 0.3 44.1 ± 25.7 193.3 15. 0

Secondary forest BZ 96.3 ± 10.6 1.7 ± 0.5 24.0 ± 13.5 900.5 11.0
BZ 95.6 ± 8.6 0.3 ± 0.1 34.2 ± 15.0 869.8 7.0

Disturbed forest TZ 15.0 ± 33.5 0.8 ± 1.2 19.4 ± 12.9 152.3 0.0
TZ 28.1 ± 42.1 0.5 ± 0.2 30.5 ± 17.6 180.6 0.0

Table 2. Relative abundances (mean individuals/point count ± se) of avian species for four forest types in the Araucarias Biosphere
Reserve, southern Chile. Habitat-use guilds are: VPG, vertical profile generalists; LTU, large tree users; UU, understorey users; SU,
shrub users. Geographic distribution abbreviations are: E, endemic; SSA, southern South America; SA, wide spread South America;
and PA, Pan America. Migratory status abbreviations are: R, resident; M, migratory and P, partial migrant.

Family Scientific name
Habitat-
use guild

Migratory
status

Geographic
distribution

Forest type

Old growth
Araucaria-Lenga

Old growth
Mañío-Tepa

Secondary
forest

Disturbed
forest

Columbidae Patagioenas araucana VPG P SSA 0.0 ± 0.0 0.0 ± 0.0 0.15 ± 0.53 0.0 ± 0.0
Trochilidae Sephanoides

sephaniodes
VPG M SSA 0.25 ± 0.54 1.0 ± 1.36 0.23 ± 0.48 0.55 ± 1.22

Picidae Veniliornis lignarius LTU R SSA 0.05 ± 0.22 0.0 ± 0.0 0.03 ± 0.16 0.0 ± 0.0
Colaptes pitius LTU R SSA 0.23 ± 0.70 0.03 ± 0.16 0.10 ± 0.44 0.0 ± 0.0
Campephilus
magellanicus

LTU R E 0.18 ± 0.55 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Falconidae Milvago chimango VPG R SSA 0.0 ± 0.0 0.0 ± 0.0 0.10 ± 0.30 0.35 ± 0.80
Psittacidae Enicognathus

ferrugineus
LTU P E 1.18 ± 3.34 0.0 ± 0.0 0.50 ± 1.87 0.10 ± 0.63

Rhinocryptidae Pteroptochos tarnii UU R E 0.40 ± 0.87 0.28 ± 0.51 0.15 ± 0.48 0.0 ± 0.0
Scelorchilus rubecola UU R E 0.60 ± 0.81 1.20 ± 1.07 0.35 ± 0.58 0.0 ± 0.0
Scytalopus
magellanicus

UU R SSA 0.15 ± 0.36 0.30 ± 0.69 0.05 ± 0.22 0.10 ± 0.38

Furnariidae Pygarrhichas
albogularis

LTU R E 0.85 ± 1.23 0.33 ± 0.66 0.33 ± 0.83 0.0 ± 0.0

Aphrastura spinicauda LTU P E 2.43 ± 2.00 1.93 ± 1.77 2.03 ± 2.28 1.0 ± 1.52
Sylviorthorhynchus
desmursii

UU R E 0.15 ± 0.36 0.13 ± 0.33 0.03 ± 0.16 0.0 ± 0.0

Tyrannidae Elaenia albiceps VPG M SA 1.70 ± 2.10 1.35 ± 1.56 1.25 ± 1.79 1.23 ± 1.79
Anairetes parulus SU R SA 0.0 ± 0.0 0.05 ± 0.32 0.0 ± 0.0 0.13 ± 0.46
Xolmis pyrope VPG P SSA 0.08 ± 0.27 0.03 ± 0.16 0.10 ± 0.30 0.18 ± 0.38
Colorhamphus
parvirostris

VPG M E 0.10 ± 0.30 0.35 ± 0.74 0.0 ± 0.0 0.0 ± 0.0

Hirundinidae Tachycineta meyeni LTU M SA 0.90 ± 2.02 0.03 ± 0.16 0.0 ± 0.0 0.08 ± 0.27
Troglodytidae Troglodytes aedon SU M PA 0.45 ± 1.06 0.0 ± 0.0 0.30 ± 0.76 0.60 ± 0.98
Turdidae Turdus falcklandii VPG R SSA 0.48 ± 0.96 0.45 ± 0.88 0.25 ± 0.44 0.80 ± 1.32
Thraupidae Phrygilus patagonicus VPG M E 0.65 ± 0.86 0.40 ± 0.81 0.18 ± 0.81 0.63 ± 1.10
Icteridae Curaeus curaeus VPG R SSA 0.33 ± 1.10 0.03 ± 0.16 0.05 ± 0.22 0.93 ± 3.12
Fringillidae Spinus barbatus SU M SSA 0.60 ± 1.48 0.10 ± 0.50 0.33 ± 1.16 0.53 ± 0.96
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for summer and spring, and the lowest in winter. Relative
abundance was significantly higher in summer, followed
by spring, autumn and winter (Figure 2(B)).

Habitat-use guilds across forest types and
seasons

Vertical profile generalists (N = 9, two endemic species)
showed the highest species richness, followed by large
tree users (N = 7, four endemic species), understorey
users (N = 4, three endemic species) and shrub users
(N = 3, no endemics; Table 2).

Understorey users. Old growth forest stands, including
Mañío-Tepa and Araucaria-Lenga, showed significantly
higher mean species richness of understorey users,
followed by secondary forest and disturbed forest stands
(Figure 3). Old growth Mañío-Tepa showed the highest
relative abundance of understorey users, followed by old
growth Araucaria-Lenga, secondary forest and disturbed
forest stands (Figure 3). We found no interaction
between season and forest type for understorey users
(Table 3). The highest relative abundance for
understorey users was recorded for summer, followed by
autumn, spring and winter (Figure 4).

Figure 1. Sample-based rarefaction curves for species richness versus number of individuals across forest types and seasons in the
Araucarias Biosphere Reserve, southern Chile. OG, old growth.

Figure 2. (A) Mean (± se) species richness (black bars, capital letters) and relative abundances (grey bars, lower case) across four forest
types in the Araucarias Biosphere Reserve, southern Chile. OG, old growth. Different letters above bars indicate significant differences at
α = 0.05 (repeated measures ANOVA: for species richness F3,36 = 4.88, P < 0.01, LSD post hoc test and for relative abundances F3,36 =
2.82, P > 0.05, Bonferroni post hoc test). (B) Seasonal differences on mean (± se) species richness (black bars, capital letters) and
relative abundances (grey bars, lower cases) in the Araucarias Biosphere Reserve, southern Chile. Different letters above bars
indicate significant differences (repeated measures ANOVA for both species richness and relative abundances, F1,36 > 7.08, P < 0.05).
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Large tree users. Old growth Araucaria-Lenga stands
had higher species richness and relative abundance of
large tree users than any other forest type. The lowest
richness of large tree users was recorded in disturbed
forest stands (Figure 3). We found a significant
interaction between season and forest type for large

tree users (Table 3). Old growth Araucaria-Lenga
stands showed the highest relative abundance of large
tree users for winter, spring and summer; however, the
relative abundance of this guild for secondary forests
during autumn exceeded all other forest types (Figure 4).

Vertical profile generalists. Both species richness and
relative abundance of vertical profile generalists were
relative similar across forest types (Figure 3). We found
a significant interaction between season and forest type
for vertical profile generalists (Table 3). While disturbed
forest and secondary forest stands showed the highest
relative abundance for autumn and winter, old growth
Mañío-Tepa for spring and old growth Araucaria-Lenga
for summer showed the highest relative abundance of
vertical profile generalists (Figure 4).

Shrub users. Disturbed forest and old growth
Araucaria-Lenga stands showed the highest species
richness of shrub users (Figure 3). Old growth Mañío-
Tepa showed the lowest values for species richness
across forest types (Figure 3). Disturbed forests and old
growth Araucaria-Lenga stands showed the highest
relative abundance of shrub users, but old growth
Araucaria-Lenga did not differ from secondary forest
stands (Figure 3). We found a significant interaction
between season and forest type for shrub users

Figure 3. Mean (± se) species richness (black bars, capital letters) and relative abundances (grey bars, lower cases) of avian habitat-use
guilds across four forest types in the Araucarias Biosphere Reserve, southern Chile. Different letters above bars indicate significant
differences at α = 0.05 (repeated measures ANOVA for both species richness and relative abundances, F3,36 > 3.35, P < 0.05).

Table 3. Statistical summaries for the tests of differences in the
relative abundance of habitat-use guilds across forest type,
season and their interactions, in the Araucarias Biosphere
Reserve, southern Chile. Significant statistical differences are
shown in bold.
Habitat-use
guild Source

Type III
SS df

Mean
square F P

Understorey
users

Season 1.33 3 0.44 14.0 0.00
Season ×
Forest type

0.33 9 0.04 1.18 0.32

Error 3.41 108 0.03
Large tree users Season 1.23 3 0.41 5.94 0.01

Season ×
Forest type

1.53 9 0.17 2.46 0.01

Error 7.45 108 0.69
Vertical profile
generalists

Season 10.77 3 3.59 65.7 0.00
Season ×
Forest type

1.38 9 0.15 2.82 0.01

Error 5.90 108 0.06
Shrub users Season 2.12 3 0.70 17.6 0.00

Season ×
Forest type

1.11 9 0.12 3.06 0.00

Error 4.35 108 0.04
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(Table 3). Disturbed forest stands showed the highest
relative abundance of shrub users for autumn, winter
and spring; however, the relative abundance of this
guild for old growth Araucaria-Lenga during summer
exceeded all other forest types (Figure 4).

Discussion

Consistent with global assessments of biodiversity inside
and beyond protected areas (Gray et al. 2016), our study
shows that local avian biodiversity is higher in protected
areas (core areas) than outside protected areas (buffer
and transition zones). Moreover, our results show that
core areas of an Andean Biosphere Reserve are highly
relevant for the conservation of avian endemic species
and guilds with specialized habitat requirements. Seven
out of nine endemic species recorded in our study were
categorized as members of two habitat-specialist guilds:
understorey users and large tree users. Abundances of
these two guilds were higher in protected areas. In
contrast, avian guilds comprising species more tolerant
to habitat degradation showed similar or even higher
diversity values in buffer and transition zones.

In Chile, protected areas are frequently located at high
elevations and are subject to extreme seasonal changes
(Armesto et al. 1998, Pauchard & Villaroel 2002). Harsh
environmental conditions during winter in these
seasonal ecosystems make protected areas less suitable
for birds (Webster & Marra 2005). Our data suggest
that extreme conditions during colder months may
force some species to move to lower elevation forest
into the buffer and transition zones. Because
unprotected areas in southern temperate forests are

increasingly being degraded (e.g. reduction of both
understorey density and standing dead trees; Díaz et al.
2005, Echeverría et al. 2007, Ibarra & Martin 2015a),
habitats within buffer and transition zones may offer
less suitable winter habitat for specialist avian guilds. A
set of specific principles guiding forest management
beyond protected areas is necessary to secure suitable
habitat across seasons for forest avian communities.
These principles may be relevant for conservation
because land use on surrounding areas may strongly
influence ecological processes and population source/
sink dynamics occurring across boundaries of protected
and unprotected areas (Hansen & De Fries 2007).

Avian diversity across forest types and seasons

We found that forest types, with different degrees of
degradation, mostly affected species richness while
seasons affected both avian species richness and
relative abundances. The highest species richness
measured in old growth forest stands might be due to
their higher structural complexity (Ibarra & Martin
2015b, Caviedes & Ibarra 2017), which refers to a
higher availability of structural attributes and
microhabitats for many species (McElhinny et al.
2005). Consistent with our habitat inventory, previous
studies have shown that old growth temperate forest
stands are characterized by having a relatively dense
understorey and relatively high availability of large
decaying trees and snags (Díaz et al. 2005, Ibarra et al.
2014a, Caviedes & Ibarra 2017). For example, the
endemic and vulnerable Magellanic Woodpecker
Campephilus magellanicus was only recorded in old

Figure 4. Seasonal relative abundances of avian habitat-use guilds across four forest types in the Araucarias Biosphere Reserve,
southern Chile. OG, old growth.
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growth forest stands, because it likely requires large
forest tracts and large decaying trees for both foraging
and nesting (Ojeda & Chazarreta 2014, Vergara et al.
2016). In contrast to old growth forest, degraded
forests show significant reductions of avian species,
especially habitat specialists (Virkkala 1991, Peh et al.
2005, Ibarra et al. 2017). For example, in tropical
forests of Malaysia, structurally degraded stands
contained only 75% of avian species recorded in old
growth forests, with an increased proportion of habitat
generalist species (Peh et al. 2005). We found a similar
pattern in disturbed forest stands, with 31% lower
overall avian species richness than old growth
Araucaria-Lenga stands. When we compare avian
habitat-use guilds across forest types, disturbed forests
contained lower species richness and lower relative
abundance of habitat-specialist species in comparison
to old growth. For instance, the relative abundance of
Austral Parakeet Enicognathus ferrugineus, a large tree
user (Ibarra & Martin 2015b), decreased significantly
in disturbed forests and there were no recorded
individual Chucao Tapaculos Scelorchilus rubecula, an
understorey user, in disturbed forests.

The lower species richness and relative abundance
recorded across forest types during winter suggests
partial or total migration for some species likely
triggered by thermal restrictions during winter and/or
an increase in food resources during spring/summer
(Jaksic & Feinsinger 1991, Rozzi et al. 1996, Ippi et al.
2009). In South American temperate forests, nearly
half of the avian species are partial (i.e. a portion of the
population performs latitudinal migrations; 31%) or
total migrants (i.e. the whole population performs
latitudinal migrations; 17%; Cofre et al. 2007). The
White-crested Elaenia Elaenia albiceps performs a
latitudinal migration from South American temperate
forests to their wintering grounds in the Amazonia
after the austral breeding season (Brown et al. 2007,
Jiménez et al. 2016) and likely explains the observed
overall decrease in avian relative abundance during
winter. Among resident species, however, information
on species making altitudinal migration movements is
mostly lacking (Ibarra et al. 2010). Resident species
leave their breeding territories, forming mixed-species
flocks and move more widely in search for food, likely
visiting several forest stands across the elevation
gradient in winter (Ippi & Trejo 2003, Ibarra et al. 2010).

Avian habitat-use guilds are affected by forest
types and seasons

Habitat-use guilds responded differently to forest types
with different degrees of degradation, and to the

interactive effect of forest type and seasons. Because
understorey users and large tree users are more
vulnerable to forest degradation, we predicted higher
species richness and abundance of these two guilds in
old growth forests (core areas) in relation to secondary
(buffer zones) and disturbed (transition zones) forests.
We confirmed this prediction for understorey users but
the response for large tree users was less clear. The
highest species richness of understorey users was found
in Araucaria-Lenga and Mañío-Tepa old growth forest
stands. However, relative abundances were consistently
higher in Mañío-Tepa stands throughout the year. Our
results in forest stands attributes are comparable with
those reported in coastal areas, as old growth forests
showed a denser understorey and higher volume of
coarse woody debris, in comparison to secondary and
disturbed forests, favouring the presence of understorey
users (Carmona et al. 2002, Reid et al. 2004, Díaz et al.
2005). Understorey users are birds with poor flying
abilities and, like most habitat-specialist species, are
expected to be favoured by habitat stability (Devictor
et al. 2010, Areta & Cockle 2012, Ibarra & Martin
2015a). Mañío-Tepa stands likely have steadier
resources throughout the year than old growth
Araucaria-Lenga, because the former stands are less
exposed to snow in winter months; Mañío-Tepa stands
are located at lower elevations and have relatively closed
canopies which will be opened almost exclusively by
small-scale forest gaps (Veblen 1982, Ibarra et al. 2012).
This stability secures understorey pockets available
throughout the year for understorey users. Furthermore,
two understorey users (Chucao Tapaculo and
Magellanic Tapaculo Scytalopus magellanicus) depend
almost exclusively on cavities available in fallen trees, or
coarse woody debris, for nesting (Altamirano et al.
2017). These species have been proposed as ‘fallen tree
specialists’ (Altamirano et al. 2017), similar to other
taxa showing a strong selection of coarse woody debris
for breeding (e.g. Diptera; Rotheray et al. 2001). In
southern temperate forests, stands with understorey and
coarse woody debris are generally considered by forest
managers and landowners as ‘unhealthy and dirty’
(Ibarra & Martin 2015b), and so these habitat attributes
are often the first to be removed in secondary and
disturbed forest stands.

Large tree users are known to show a positive
relationship with the density of trees over a certain
diameter (DBH > 80 cm; Díaz et al. 2005). This
relationship may explain the highest species richness
and relative abundance of large tree users recorded in
old growth Araucaria-Lenga stands. Structurally
complex Araucaria-Lenga stands are characterized by
their naturally open canopies (54–81% canopy cover)
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and a lack of shade tolerant trees, with relatively high
frequency of large old living trees and standing dead
trees, combined with homogeneously distributed
bamboo in high elevation stands (900–1300 m asl;
Veblen et al. 1980, Ibarra & Martin 2015b). The increase
in relative abundance of large tree users in secondary
forests in autumn, exceeding the abundance of these
birds in old growth Araucaria-Lenga during this season,
might be explained by the usual presence of habitat
legacies (e.g. snags) remaining after disturbance in these
habitats (Franklin et al. 2002). A plausible explanation
for this increase in autumn is that a portion of the local
populations of Austral Parakeet and Thorn-tailed
Rayadito Aphrastura spinicauda descend to secondary
forests during autumn, increasing their foraging area.

We found that vertical profile generalists and shrub
users used mostly disturbed forests during autumn and
winter and old growth Araucaria-Lenga in summer.
Generalist avian species such as Black-chinned Siskin
Spinus barbatus and House Wren Troglodytes aedon are
common around human habitation and are known to
rapidly use recently opened areas, thus explaining their
higher abundance at lower areas (Silva et al. 2015).
Shrub users and vertical profile generalists likely move
to high elevation areas during spring and summer, as a
result of the increasing availability of resources in old
growth forest stands. The increase of habitat generalist
guilds in high elevation areas during spring and
summer coincides with the arrival of migratory species
such as Patagonian Tyrant Colorhamphus parvirostris
and White-crested Elaenia. This arrival contributes
significantly to the increase in relative abundance of
these habitat generalist guilds (Rozzi et al. 1996). In any
case, assessments of seasonal variations in mean
temperature and food availability across forest types
would help to clarify some of our findings.

Recommendations for seasonal sampling and
managing habitat for specialist guilds

Using rarefaction curves we found an increasing ‘species
versus individuals’ trend for old growth Araucaria-Lenga
and secondary forest stands during autumn and winter.
This result may be associated with lower detection
rates in these seasons for forest avian species.
Therefore, we recommend: (a) increasing the number
of point counts per stand during winter and autumn
and/or (b) assessing sources of variation in species
detectability (Ibarra et al. 2014b, Ibarra &Martin 2015b).

The rapid deforestation and degradation processes
occurring in South American temperate forests demands
integrative ways to manage forested habitats in order to
conserve endemic bird species and habitat-specialist

guilds. A first recommendation from our assessment is
identifying and protecting old growth forests that have
not been inventoried and that may be present in buffer
and transition zones of the Araucarias Biosphere
Reserve. Secondly, we recommend that these two zones,
where forestry and agricultural activities take place, need
to be managed so as to benefit habitat-specialist guilds.
Recently, Ibarra & Martin (2015a) provided specific
guidelines to benefit habitat specialists in South
American temperate forests. These recommendations
consist of keeping stands with a range of tree sizes
(average DBH per stand = 37.6 cm, DBH average range
per stand 19–78 cm), including large, decaying trees and
snags, with relatively high understorey cover (average
cover per stand 34.2%, understorey cover average
range per stand 10–90%). By incorporating these
recommendations, government agencies in charge of
managing the Araucarias Biosphere Reserve will be
better able to meet the full life-cycle requirements of
habitat-specialist guilds comprised by several species
endemic to southern temperate forests.
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