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Abstract In central Argentina, Serrano forest has a long
history of fire disturbance; however, the impact of fire on
avifauna remains unknown. We compared the avian—hab-
itat relationships in forest patches with low, moderate, and
high fire regimes using a community-level (species rich-
ness, abundance, ordination and guilds) and species-level
(indicator species analysis) approach. In patches under
each fire condition, we recorded bird community compo-
sition, richness and abundance, and different vegetation
structure variables. The site under high-severity fire regime
was structurally poor and had been converted from original
forest to dense grassland. There, diversity of bird com-
munity was low, retaining approximately 30 % of the
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species present in the least impacted site. Avian assem-
blage was dominated by generalist and open area birds.
Guilds were underrepresented, showing an important
reduction of foliage granivorous, nectarivorous, omnivores,
and foliage and bark insectivorous, and absence of fly-
catchers. Moreover, low abundance of forest understory,
midstory, and canopy species and of birds belonging to
open and closed nesting guilds was detected. By contrast,
under low and moderate-severity fire regimes highest bird
diversity as well as highest representativeness of most
guilds was observed. Forest bird species were strongly
associated with low fire disturbance, whereas moderate fire
disturbance was characterized by the presence of forest and
generalist species. Given the critical conservation status of
Serrano forest in Cérdoba, Argentina, habitat restoration
and protection of forest relicts could be suitable measures
to promote avifauna preservation.

Keywords Bird diversity - Central Argentina -
Fire disturbance - Serrano forest

Introduction

Disturbance plays a critical role in structuring habitat
conditions for wild species because it alters vegetation
heterogeneity and resource availability (Greenberg et al.
1995; Brotons et al. 2005; Smucker et al. 2005; Adeney
et al. 2006). Fire is the major disturbance agent in many
ecosystems because it represent an unpredictable threat that
can spread across large areas over a short period (Barlow
and Peres 2004). Natural ignitions have sparked wildfires
from the origin of land plants to the present; however, human-
caused ignitions have increased greatly in recent decades,
altering fire regimes (e.g., frequency and destructiveness) and
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distribution (Bar Massada et al. 2009; Pausas and Keeley
2009). Different habitats undergo strong changes in vege-
tation, which become patches of structurally simple and
similar open vegetation that will progressively tend to
resume its former structure (Woinarski et al. 1999; Brotons
et al. 2005; Pons and Wendenburg 2005; Adeney et al.
2006). This process results in a radical conversion of within-
stand vertical structure, reducing niche space and resource
availability for native fauna. The urgent nature of the
problem makes it essential to know how structural changes
in vegetation, resulting from different fire regimes, affect
biodiversity; and the key to our knowledge is to have indi-
cators that are measurable, precise, consistent, and sensitive
to the phenomenon being tracked (Salafsky et al. 2001,
2002).

Birds are especially sensitive to habitat disturbances,
such as fire, because community assemblage is strongly
related to vertical and horizontal vegetation structure
(MacArthur and MacArthur 1961; Moreira et al. 2003;
Isaach et al. 2004; Slik and Van Balen 2006; Sevillano
Rios et al. 2011). The effects of fires on birds, which vary
with the different time scales and disturbance regimes,
have been widely documented. One of the effects of fire on
avifauna is the reduction of nesting sites for cavity birds or
for birds that build nests on trees or shrubs (Stribling and
Barron 1995; Dwyer and Block 2000; Milesi et al. 2002).
Repeated fires also increase the risk of nest predation and
parasitism in ground nesting birds due to the reduction of
understory vegetation cover (Recher 1997; Blake 2005;
Camprodon and Brotons 2006). In addition, fires reduce
food availability to avifauna, insectivorous species being
one of the most affected groups, particularly those species
that forage on the bark and foliage of trees or shrubs
(Raphael et al. 1987; Marone 1991; Stribling and Barron
1995; Lopez de Casenave et al. 1998; Milesi et al. 2002;
Politi 2003). Conversely, aerial insectivorous and ground
granivorous species are benefited by fires because the
foliage of trees and shrubs is reduced in burned areas,
favoring insect detection, and litter is removed, facilitating
seed detection and availability (Marone 1990; Stribling and
Barron 1995; Woinarski et al. 1999; Milesi et al. 2002;
Politi 2003; Pons and Wendenburg 2005).

Habitat use is another factor frequently related to the
effects of fire on birds. For instance, understory birds are
one of the groups most vulnerable to forest disturbance, as
they are usually sedentary and shy, showing intolerance of
canopy gaps (Barlow et al. 2002). In a burned forest, closed
canopy and understory are reduced, and niche space and
resource availability for interior birds decrease, favoring
species turnover to generalists, open forest and edge birds
(Magurran 2004; Pons and Wendenburg 2005; Slik and
Van Balen 2006; Ukmar et al. 2007). This effect can be
exacerbated if post-fire salvage logging is performed in
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those places (Castro et al. 2010). On the other hand, at the
landscape level, moderate fires can create a mosaic with
vegetation communities of different successional stages,
generating new habitats that can increase bird diversity
(Marone 1990; Stribling and Barron 1995; Adeney et al.
2006).

Fire ecology and its effect on bird diversity has been
well studied in Australia (e.g., Recher 1997; Woinarski
et al. 1999; Leavesley et al. 2010) and the USA (e.g.,
Fontaine et al. 2009). However, in South America, these
studies are comparatively scarce (e.g., Marone 1990;
Barlow et al. 2002, 2006); and the avian responses to dif-
ferent fire regimes in forests remain poorly studied.

In central Argentina, the Chaco montane semi-arid
forest in the Sierras Chicas of Cordoba (hereafter Serrano
forest) provides an excellent opportunity to study the
impact of fire on biodiversity. This area is very rich in
fauna and flora and represents significant terrestrial eco-
systems for biodiversity conservation by TNC (2005), and
is a priority area for bird conservation (Beissinger et al.
1996). Serrano forest has a long history of fire distur-
bance. In the sixteenth century, after the Spanish con-
quest, new settlers started to disrupt the balance of the
systems with increasing ignitions and deforestation to
promote livestock raising and crop production (Gavier
2002). These activities have continued into the present
with increasing intensity (Diaz et al. 1994; Zak et al.
2008), reducing Serrano forest biodiversity. At present,
native forest is reduced to ~5 % of its original area,
distributed as a collection of fragments embedded in a
matrix of agriculture (Zak et al. 2004). Fragmentation and
the resulting increment in forest edge leads to structural
changes such as greater tree mortality, reduced living
biomass and increased fuel loading. Hence, fire suscepti-
bility poses a special risk to forest fragments (Uhl and
Kauffman 1990; Cochrane 2001). The situation is even
more serious if we consider that in these forest remnants
at least one fire event occurs every year (Secretariat of
Environment and Sustainable Development 2009).

Because it is essential to know how loss of forest
structure affects avifauna, we assessed the response of
bird communities in sites with different fire severity lev-
els. Our objectives were to compare the avian—habitat
relationships in forest patches with low, moderate and
high-severity fire disturbance, and to identify the bird
species characteristic of each fire disturbance condition.
We used a community-level (species richness, abundance,
ordination) and a species-level (indicator species analysis,
ISA) approach to identify bird species associated with the
vegetation structure of sites under each fire condition. We
also used bird group or guild approach to evaluate the
collective response of species to changes in habitat under
each fire condition.
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Materials and methods
Study area

The study area was located in the Serrano forest in central
Argentina (Coérdoba Province), which is a subtype of
Chaco subtropical semi-arid forest (Zak et al. 2004;
Appendix Fig. 1 in supplementary material). The climate is
temperate semi-arid with a monsoonal precipitation
regime. Average annual rainfall is 750 mm, and is mainly
concentrated in the warm season (October—April), with
mean maximum and minimum temperatures of 26 and
10 °C, respectively (Capitanelli 1979). This region is
considered a semiarid environment because of the high
potential for evapo-transpiration, which determines a water
deficit during most of the year (Capitanelli 1979). Natural
vegetation consists of four vegetation zones: lowlands
Chaco forest (plains up to 750 m asl), Serrano forest (hills
between 700 and 1,150 m asl), shrubland (between 1,150
and 1,200 m asl) and grassland (usually above 1,200 m asl;
Luti et al. 1979; Cabido and Zak 1999; Gavier and Bucher
2004). Serrano forest was characterized by an overstory
dominated by 8- to 10-m trees of Schinopsis haenkeana,
Lithraea molleoides, Celtis ehrenbergiana, Zanthoxylum
coco, and Ruprechtia apetala. The understory was domi-
nated by shrublands of Acacia spp., Schinus spp. and
Condalia montana; and ground cover (up to 1 m) com-
posed of herbs, grasses and vines (Luti et al. 1979; Cabido
et al. 1991; Gavier and Bucher 2004).

Fieldwork was performed in patches with different post-
fire conditions, i.e., ‘natural treatments’. A burned patch
was defined as a relatively homogeneous area of similar
stand condition (e.g., basal area, species composition) that
had the same fire history. Post-fire conditions were classi-
fied into low-severity fire regime (LF), moderate-severity
fire regime (MF) and high-severity fire regime (HF). LF
was an area (ca. 25 ha; 30°50'S; 64°29'W) that had not
undergone fire events for more than 60 years. This area is
part of an Important Bird Area, AR159 sensu Birdlife
International, (Coconier and Di Giacomo 2009). Dominant
trees were L. molleoides and S. haenkeana, with a shrub
stratum dominated by Acacia caven, A. atramentaria and
Schinus fasciculatus. The area under MF (ca. 25 ha;
30°49'S; 64°29'W) experienced three fire events in the last
60 years, two in 1992 and one in 2005. Here, the dominant
vegetation structure was the shrub stratum of A. caven and
A. atramentaria, and few isolated trees of S. haenkeana and
L. molleoides. The HF area (ca. 25 ha; 30°54'S; 64°29'W)
experienced many fire events in the last 60 years, with high
incidence in the last decade and five fire events from 1996
to 2006. The last one in November 2006, some days before
starting bird surveys. In this patch, vegetation was domi-
nated by an herbaceous stratum of Clematis montevidensis,

Melica macra, Bidens pilosa and Conyza bonariensis. The
studied sites were all in mountainous areas only accessible
by hiking or horse riding. None of the sites were subjected
to salvage logging practices to our concern, or had sig-
nificant exotic invasion; there were also no large native
herbivorous species present or cattle overgrazing in any
site in the last 60 years. Maximum separation between sites
was 10 km; all of them share the same bird species pool
(sensu Nores 1996). Sites were located in privately owned
areas and none of them were legally protected.

Because most of the Serrano forest in the region is in a
poor state of conservation (Gavier and Bucher 2004; Bar-
chuk et al. 2009) and is seriously affected by exotic plant
invasions (Hoyos et al. 2010; Tecco et al. 2010; Giorgis
et al. 2011), overgrazing and urbanization (Gavier and
Bucher 2004; Zak et al. 2008), we were unable to find other
well preserved forest patches with similar post-fire condi-
tions or habitat characteristics. Although our results could
be considered difficult to extrapolate beyond the areas
surveyed, the lack of relicts with similar ‘natural treat-
ments’ to truly replicated plots is uncommon in studies on
fire effects (e.g., van Mantgem et al. 2001; 2006; Talamo
and Caziani 2003; Blake 2005; Pelegrin and Bucher 2010;
Rush et al. 2012). Additionally, accumulating local studies
is often the only approach for obtaining general patterns
(Blake 2005).

Bird surveys

Data were collected during the austral spring and summer
(November 10, 2006 to February 23, 2007), when bird
richness peaks due to the presence of migrant and resident
breeding species. Bird species richness and abundance
were estimated using standard point counting techniques,
by observers who recorded all birds seen and heard within
a 25-m radius for 5 min (Ralph et al. 1993; Bibby et al.
2000). A total of 25 survey points (9 in LF, 9 in MF and 7
in HF) were located at least 150 m apart, to avoid double-
counts of the same bird at neighboring points, and at 50 m
from the patch edge to reduce its effect. At each point, the
observer waited for a settling-down period of 5 min before
the beginning of the count to minimize possible negative
effects on bird behavior (Ralph et al. 1993; Bibby et al.
2000).

Point count stations were visited twice in each breeding
season, always under favorable weather conditions (mini-
mal wind and no rain), and between dawn and 11 a.m.,
totaling four counts at each point. Nocturnal species
(Strigidae and Caprimulgidae) and species that only flew
over the forest were not considered. Taxonomical classi-
fication follows Remsen et al. (2012). Point locations were
recorded with a Garmin 12XL GPS (Garmin Etrex Legend,
2004).
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Vegetation structure

Vegetation data were gathered on transects of 25 m in
length, always facing east. The initial point on each transect
was each bird point count. We sampled the following vari-
ables: ground cover, litter depth, understory vegetation
structure, canopy cover and tree density. Percentage of
ground cover and depth of litter (cm) were estimated using
square plots (1 m?), which were situated directly adjacent to
the transect line. Ground cover was recorded using the
Braun-Blanquet method with six cover categories: (a) <1 %,
(b) 1-5 %, (c) 5-25 %, (d) 25-50 %, (e) 50-75 %, and
(f) 75-100 % (Kercher et al. 2003). Litter depth was mea-
sured with a conventional ruler. Vegetation structure of the
understory was recorded with the interception point tech-
nique (Hays 1981); three strata were considered: 0-0.5,
0.5-1 and 1-1.5 m. Canopy cover was quantified using an
ocular sighting tube (15 cm diameter, Van’t Hul et al. 1997).
Tree and snag density (individuals/ha) was estimated with
the line transect technique. We recorded the perpendicular
distance with respect to the transect line of the ten closest
trees (dbh >10 cm) or snags (Moreira et al. 2003; Rabino-
witz 2003). We also recorded the percentage of fire scars on
trees and shrubs.

Data analysis

We used species richness (S) and average individuals’
abundance (n) as measures of biodiversity. Changes in
composition of avian communities among the different fire
regimes (beta diversity) were tested with the Sorensen
qualitative index (Magurran 2004).

Bird species were grouped into different guilds
(Appendix Table 1 in supplementary material) according
to the literature (Jacome 1996; Nores 1996; Lopez de
Casenave et al. 1998; Blendinger 2005; Dardanelli et al.
2006a, b). We refer to the term ‘guild’ as the group of birds
that exploit the same resources in a similar way and belong
to the same communities (Magurran 2004). Grouping bird
species that are functionally similar is more effective for
developing management guidelines than examining species
individually (Canterbury et al. 2000; Mitchell et al. 2006),
because intra-guild richness reflects integrity of an area
(Bishop and Myers 2005). Birds were grouped into three
groups of guilds: diet, nesting, and habitat use. Diet guilds
included: terrestrial-insectivorous, TI (insectivorous birds
that feed mainly on the ground); foliage and bark insec-
tivorous, FI (birds that feed on insects mostly in shrub and
tree foliage and on the bark); aerial insectivorous and fly-
catchers, F (birds that catch insects in the air); terrestrial
granivorous, TG (birds that feed mainly on seeds on the
ground); foliage granivorous, FG (birds that feed mainly on
seeds and fruits on the foliage); nectarivorous, N, and
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omnivores, O. Nesting guilds included: open-nesting birds
(open nest above the ground), closed-nesting birds (cavities
and domed nests above the ground) and ground-nesting
birds (any nest on the ground). Habitat use guilds included:
forest understory species, FU (species that use mainly the
understorey or the ground of the forest); forest midstory
and canopy species, FMC (species that use mainly the
medium stratum and the canopy of the forest); generalist
species, G (species that inhabit forests and open areas
equally); and open areas species, OA.

Data normality and variance homogeneity were tested
using Saphiro Wilks and Levene tests, respectively. Data
expressed in percentages were previously arcsine trans-
formed and species richness and abundance were square-
root transformed to adjust normal distribution assumptions
(Quinn and Keough 2002). We used one-way ANOVA to
test for differences in overall bird richness and bird abun-
dance among fire regimes (factor with 3 levels: HF, MF,
LF) and Duncan’s post hoc test to assess differences among
fire regimes (Quinn and Keough 2002). Spatial autocorre-
lation of ANOVA residuals was tested using the autocor-
relation module provided by Past v 1.89 (Hammer et al.
2009) and no correlation was found (Appendix Fig. 2 in
supplementary material for details). Moreover, we used
one-way ANOVA-Duncan tests to check for differences in
abundance of bird species per guild and vegetation char-
acteristics among fire regimes (HF, MF, LF, Quinn and
Keough 2002).

We also calculated the indicator value (IV) index
(Dufrene and Legendre 1997) to find species signifi-
cantly associated with a particular burn regime within the
bird assemblage (i.e., LF, MF and HF) following the
formula:

where A;;, is the mean abundance of species i in the
treatment of group j compared to all groups in the study. B;;
is the relative frequency of occurrence of the species i in
the sites of groups j. Final multiplication by 100 produce
percentages. An IV = 100 % shows that a species is a
perfect indicator to a given habitat typology (for details,
see Dufrene and Legendre 1997). Indicator values were
tested for significance with a Monte Carlo randomization
procedure (Quinn and Keough 2002).

Finally, we ran a canonical correspondence analysis
(CCA) to relate forest structure and avifauna (measured as
richness and abundance of birds per community and guilds)
of each fire regime. The significance of the CCA was
evaluated using a Monte Carlo permutation test; then,
Spearman’s correlation test was used to assess the associ-
ation among independent variables and the CCA axes
selected (Conover 1999). Statistical analyses were per-
formed with Infostat v.2010 (Di Rienzo et al. 2010).
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Results
Habitat variables

Mean attributes of vegetation structure differed among
sites under different fire regimes. Arboreal density, shrub
cover in the 1-1.5 m understory, and litter depth were
inversely related to the fire disturbance regimes (i.e.,
LF > MF > HF; Table 1), whereas percentages of fire
scars were directly related (Table 1). The main differences
were recorded in the HF site, which was structurally poor
and dominated by grass species in the 0—-0.5 m understory
cover. Ground quality was also poor in the HF site, with
low percentage of cover and lack of litter (Table 1). The
remaining vegetation variables were similar in MF and LF
sites, except for canopy cover, which was better repre-
sented in LF than in MF (Table 1). We did not find dif-
ferences in snag density among fire regimes (Table 1).

Bird communities

We recorded 53 bird species; 41 species and 350 individ-
uals were detected in the LF site, 47 species and 473
individuals in the MF site, and 17 bird species and 114
individuals in the HF site (Appendix Table 1 in supple-
mentary material). Bird richness and abundance varied
among sites (F = 19.25; p < 0.0001), the HF site showing
the lowest values (Appendix Table 1 in supplementary
material).

Sorensen’s similarity index showed that species turn-
over increased with increasing severity of the disturbance.
LF and MF sites shared 89 % of the bird species, LF and
HF shared 45 %, and HF and MF sites shared 44 % of
species (Appendix Table 1 in supplementary material).
Four species were found only in the LF site; eight were

detected only in the MF and three were present only in the
HF site. Thirteen species were ubiquitous (Appendix
Table 1 in supplementary material).

Birds per guild also showed variation among fire regimes
(Fig. 1): abundance of terrestrial granivorous (F = 5.92;
P = 0.009), foliage and bark insectivorous (F = 25.08;
P < 0.0001), and ground-nesting (F = 9.88; P = 0.0009)
species was highest in MF, with significant differences from
the remaining sites (Fig. 1). The HF site was characterized
by the low abundance of foliage granivorous (F = 13.23;
P = 0.0002), nectarivorous (F = 20.31; P < 0.0001),
omnivores (F = 29.14; P < 0.0001) foliage and bark
insectivorous (F = 25.08; P < 0.0001), and by the absence
of fly-catchers (Fig. 1). The HF site also had the lowest
abundance of forest understory (F = 18.41; P < 0.0001),
forest midstory and canopy species (F = 33.85;
P < 0.0001) and of birds belonging to open (F = 53.04;
P < 0.0001) and closed (F = 9.88; P = 0.0009) nesting
guilds (Fig. 1). The LF site had the lowest richness of open
area species (F = 19.39; P < 0.0001, Fig. 1). No differ-
ences were recorded in the guild of birds generalist in
habitat use (F = 3.07; P = 0.07), and terrestrial insecti-
vores (F = 1.66; P = 0.21, Fig. 1).

Species-habitat associations

Canonical correspondence analysis (CCA) showed signif-
icant correlation among bird species and habitat variables
for two canonical axes (CCA axis 1: eigenvalue = 0.32;
P =0.02; CCA axis 2: eigenvalue = 0.27; r = 0.95,
P =0.01). Axis 1 was positively associated with the
0-0.5 m understory cover (Spearman r = 0.69; P < 0.05)
and percentage of fire scars (r = 0.46; P < 0.05) and
negatively with the 1-1.5 m understory cover (r = —0.77;
P <0.05), tree density (r= —0.8; P <0.05 and

Table 1 Comparison of vegetation structure variables among sites with different fire regimes in the Serrano forest (central Argentina)

Vegetation structure variable Mean + SE F P
LF MF HF

Tree density (individuals ha™1) 700 + 100* 100 £+ 0* 0* 50.85 <0.0001
Canopy cover (%) 52.39 + 11.02* 2.08 £+ 2.08 0 15.49 <0.0001
Vertical understory structure (%)

1-1.5 m stratum 25.32 £ 3.09* 13.32 £ 2.56* 0* 23.39 <0.0001

0.5-1 m stratum 29.62 £ 3.72 2946 £ 2.6 0* 30.52 <0.0001

0-0.5 m stratum 45.06 + 5.79 57.22 + 3.87 100 £+ 0* 116.48 <0.0001
Ground cover (%) 72.76 + 7.19 84.1 £ 6.32 28.18 £ 2.93% 12.86 0.0002
Litter depth (cm) 1.65 + 0.16* 1.08 + 0.17* 0* 48.11 <0.0001
Fire scars (%) 10 + 6.67* 45.65 £+ 9.48* 57.14 £ 20* 4.48 0.02
Snags (individuals ha™") 31 £ 21 32+ 11 29 + 14 0.44 0.65

LF low fire regime, MF moderate fire regime, HF high fire regime

* Significant differences on fire regimes based on Duncan test (P < 0.05)
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Fig. 1 Bird mean abundance (+SE) by guilds in Serrano forest
(central Argentina) sites with different fire regimes. Diet: 77
terrestrial-insectivores, FI foliage insectivores, F fly-catchers, BI
bark-insectivores, TG terrestrial granivorous, FG foliage granivorous,
N nectarivorous and O omnivores. Habitat use: FU forest understory
species, FMC forest midstory and canopy species, G generalist
species and OA species from open areas and/or forest edge and
nesting guilds. Black bars High fire regime, grey bars medium fire
regimes and white bars low fire regimes. Asterisk indicates significant
differences on fire regimes based on Duncan test (P < 0.05)

percentage of ground cover (r = —0.57; P < 0.05). Axis 2
was positively associated with litter depth (r = 0.75;
P < 0.05), 0.5-1 m understory cover (r = 0.56; P < 0.01),
and canopy cover (r = 0.73; P < 0.05); in addition, axis 2
had a negative association with 0-0.5 m understory cover
(r =0.6; P <0.05; Appendix Fig. 3 in supplementary
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material). Snag density had a low correlation (r = 0.22 and
r = —0.15; P < 0.05) with axis 1 and 2 respectively.

Four bird species were positively associated with axis 1
(Appendix Fig. 4 in supplementary material), and hence
0-0.5 m understory cover and fire scars. Eleven bird spe-
cies were negatively associated with axis 1 (Appendix
Fig. 4 in supplementary material). Four species were pos-
itively related to CCA axis 2 (Appendix Fig. 4 in supple-
mentary material), and consequently to litter depth, 0.5-1
understory cover and canopy cover; whereas seven bird
species were negatively associated with axis 2 (Appendix
Fig. 4 in supplementary material).

Indicator species analysis

Nine bird species were selected as significant (Monte Carlo
test based on 1000 permutations; P < 0.05) indicators of
(or species closely associated with) a particular habitat
type. We considered six bird species as marginally sig-
nificant (P < 0.10; Table 2) to the conservative level of
significance used in the present work. One species was
closely associated with the LF site, eight species with the
MF site, and no species were significantly associated
(P < 0.05) with the HF site; however, two species showed
a marginal association with this site (Table 2).

Table 2 Indicator species analysis showing bird species signifi-
cantly associated with Serrano forest (central Argentina) sites with
different fire regimes

Fire regime Bird species Indicator P value
value (%)
LF Elaenia parvirostris 41.7 0.04
Saltator aurantiirostris 43.2 0.07
Poospiza melanoleuca 323 0.09
MF Sappho sparganura 61.7 0.002
Synallaxis frontalis 60.6 0.004
Chlorostilbon lucidus 55.2 0.01
Poospiza nigrorufa 54.3 0.02
Geothlypis 48.1 0.02
aequinoctialis
Myiophobus fasciatus 46.3 0.02
Asthenes baeri 44.4 0.01
Saltatricula multicolor 44.4 0.02
Melanopareia 47.6 0.05
maximiliani
Thraupis bonariensis 31.7 0.09
HF Troglodytes aedon 34 0.09
Embernagra platensis 28.6 0.07

LF low fire regime, MF moderate fire regime, HF high fire regime

The best indicator species are indicated in bold
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Discussion

This work is a first approach to the understanding of the
effects of fire regimes on birds of Serrano forest in central
Argentina and serves as a starting point for further com-
prehensive studies. Our results show that local severity of
fire, qualitatively measured as low, moderate and high
severity regimes, had a strong effect on avifaunal compo-
sition. The highest contrast in bird diversity, species
composition and guild representation was driven by the
impoverishment of habitat attributes induced by repeated
fires. High-severity fire disturbance (HF site) produced the
conversion from original forest to dense grassland with the
encroachment of the lower understory and reduction of tree
density, litter depth and ground cover. In HF, avifauna was
noticeably different, retaining only approximately 30 % of
the species present in the least impacted site (LF), and with
a significant turnover of birds to disturbance tolerant spe-
cies or successional species (generalists and open area
species).

Similar results were found in the dry forest of Mada-
gascar, where recurrent fires turned a rich specialized forest
avifauna, with some restricted range species, into one of
opportunistic and open habitat birds, characteristic of
savannas (Pons and Wendenburg 2005). Leavesley et al.
(2010) found a similar pattern in dry Mulga woodlands in
Australia, which was transformed into grassland by repe-
ated burning, with loss of specialist birds, and generalist
bird species dominating the assemblages.

The lack of significant differences in avian diversity
between LF and MF sites could be related to the similarity
in habitat structure between sites. Albeit the lack of dif-
ferences in diversity, the small variations in tree density
and, hence, canopy cover of the forest in the MF site led to
the presence of eight species (most of them belonging to
midstory and canopy species) that were not recorded in the
LF site (Appendix Table 1 in supplementary material).

Structural changes of habitat attributes due to severity of
fire events also produced variations in guild composition.
Within feeding guilds, the oversimplification of habitat
structure in the HF site notably reduced the diversity of
food items, leading the reduction in numbers of foliage
granivorous, omnivorous; nectarivorous and foliage and
bark insectivorous. Similar results were found by Marone
(1991) and Milesi et al. (2002) in Monte desert shrublands
in western Argentina, and by Ldpez de Casenave et al.
(1998) and Politi (2003) in lowland dry Chaco forest in
northern and central Argentina. Fly-catchers were absent
from the HF site possibly because of the lack of trees and
shrubs used for perching, and the reduction of flying insect
biomass available (Meehan and George 2003). By contrast,
birds that forage on the foliage and the bark of trees and
shrubs and terrestrial granivorous species were much more

abundant at the moderately disturbed site (MF). Insectiv-
orous birds were favored probably because of the increase
in habitat heterogeneity; Leavesley et al. (2010) also found
that insectivorous birds were dominant in the intermediate
disturbance situation in burned Mulga woodlands in Aus-
tralia. In turn, the terrestrial granivorous birds increased
due to better accessibility and detection of grains on the
ground due to reduced litter depth, lower tree density and
lower upper understory cover. This phenomenon has also
been suggested for other similar studies in pine forests in
the USA (Raphael et al. 1987; Stribling and Barron 1995),
in temperate spruce and pine forest in Sweden (Edenius
2011), in savannas in northern Australia (Woinarski et al.
1999) and in Chaco lowland forest in central Argentina
(Politi 2003). The lack of differences in terrestrial insec-
tivorous among sites could be related to the low density of
these birds in the entire study area.

Regarding habitat use, the loss of structural complexity
of vegetation in the HF site reduced the occurrence and
abundance of forest bird species, favoring the proliferation
of habitat generalists and open area species, which are
probably evolutionarily adapted to disturbances caused by
fire (Edenius 2011). Similar results were detected by
Ukmar et al. (2007) and Battisti et al. (2008) in pinewoods
in Italy, by Slik and Van Balen (2006) in a lowland tropical
rainforest of eastern Borneo and by Pons and Wendenburg
(2005) in dry forests in Madagascar.

In general, nesting guilds show diverse responses to fire
regimes (Saab and Powell 2005; Rush et al. 2012). In our
study, LF and MF sites presented the largest number of
closed and open nesting birds that use trees and shrubs to
nest. Both groups were notably underrepresented in the HF
site due to the absence of canopy and understory nesting
substrate for these species. The abundance of ground
nesting birds was higher in the MF site, probably because
of a greater heterogeneity of micro-sites than in the LF site
and, in turn, greater availability of resources than in the HF
site. These findings are in agreement with observations in
Alabama piedmont (Stribling and Barron 1995) and pine
forests of northern Arizona, USA (Dwyer and Block 2000),
and the Monte desert shrublands in western Argentina
(Milesi et al. 2002).

In agreement with avian diversity and guild patterns,
indicator bird species of each site were also strongly related
to the degree of habitat disturbance. The species charac-
teristic or indicator of low disturbance by fire (LF) was
Elaenia parvirostris, a forest species that uses the upper
understory, midstory and canopy strata. This species has
also been found to be sensitive to other types of habitat
alteration, like forest exploitation (selective logging and
understory alteration by livestock breeding) in coastal
woodlands of eastern-central Argentina (Cueto and Lopez
de Casenave 2000), and to shrub removal in Chaco dry
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woodlands in northern Argentina (Codesido et al. 2009).
Additionally, E. parvirostris also prefers native forest
without exotic species to forest severely invaded by
introduced trees and shrubs in central-eastern Argentina
(Fandifio et al. 2010).

Bird species that were best associated with the habitat
type of the MF site included a generalist species, like
Sappho sparganura, a species that uses the forest under-
story, such as Synallaxis frontalis, but also species that use
more than one forest strata, such as Chlorostilbon lucidus,
Asthenes baeri, Myiophobus fasciatus, Saltatricula multi-
color, Poospiza nigrorufa, and Geothlypis aequinoctialis.
Some other studies in Argentina have shown similar
results. S. multicolor disappeared or its density was
severely reduced in sites affected by fires, where tree and
shrub cover were poor or absent, in desert scrublands in
central-western Argentina (Milesi et al. 2002). A. baeri has
been found to be sensitive to shrub removal in Chaco dry
forests in northern Argentina (Codesido et al. 2009).
S. frontalis was reported as sensitive to forest exploitation
(selective logging and understory alteration by livestock
grazing) in coastal woodlands of eastern-central Argentina
(Cueto and Lopez de Casenave 2000) and to shrub removal
in Chaco dry forests in northern Argentina (Codesido et al.
2009). G. aequinoctialis was also found to be associated
with intermediate disturbance (a fire occurred 8 years
earlier) in the Chaco lowland forest in central Argentina
(Politi 2003). On the other hand, C. lucidus preferred
unburned Chaco lowland forest in central Argentina (Politi
2003) but showed tolerance to shrub removal in the same
type of forest in northern Argentina (Codesido et al. 2009)
and can live in exotic pine plantations with no shrubs
(Dardanelli 2003). Additionally, most of these species were
resilient to forest fragmentation in lowland woodlands in
central Argentina (Dardanelli et al. 2006a).

No species were selected as significant indicators of
high disturbance by fires. However, if we relax the sig-
nificance level (to p < 0.1) one generalist species, Trog-
lodytes aedon, and one open area species, Embernagra
platensis, appear as indicators. 7. aedon seems to be a
species adapted to successional conditions, as it is con-
sidered a very common and generalist species in central
Argentina (Nores 1996) and was found to prefer burned
forests (Politi 2003) and areas where the shrub stratum was
experimentally removed in Chaco lowland dry forests in
northern Argentina (Codesido et al. 2009). E. platensis also
seems to be adapted to successional conditions. It is con-
sidered a common open area species in central Argentina
(Nores 1996) and behaves as a forest edge species in highly
fragmented lowland dry forests (Dardanelli et al. 2006b).

In conclusion, the loss of forest bird diversity and sim-
plification of assemblage structure was directly related to
the local severity of fire disturbance, as has been observed
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in similar studies (e.g., Ukmar et al. 2007, Battisti et al.
2008). A moderate-severity fire regime, in turn, was not
detrimental to avian diversity; in fact, foliage and bark
insectivorous, terrestrial granivorous and ground nesting
birds were best represented under these conditions. How-
ever, some forest species were not able to cope with this
moderate level of forest disturbance, and needed a less
disturbed forest to persist. Moreover, recurrent fires in an
already relictual ecoregion like the Serrano forest which
has gone through a dramatic deforestation and fragmenta-
tion process (Gavier and Bucher 2004; Zak et al. 2004,
2008), leave very few habitats available to forest bird
species, especially for those sensitive to area loss (Darda-
nelli et al. 2006a). More severe effects on the avifauna will
probably be evident in the future because of the extinction
debt (Tilman et al. 1994). In this scenario, restoration of
Serrano forest appears to be an appropriate tool for biodi-
versity recovery; hence, further research is needed to better
understand habitat successional dynamics in an ecosystem
that has experienced different fire regimes. The creation of
more protected areas in the region should also be a high
priority action for biodiversity conservation, especially
considering that this ecosystem is one of the richest in
Cérdoba Province.
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