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Post-fire recovery occurs overwhelmingly by resprouting
in the Chaco Serrano forest of Central Argentina
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Abstract In fire-prone landscapes, differences in post-fire regeneration by resprouting between species or sites
could be far more important in explaining vegetation physiognomy and composition than seed regeneration. This
is the first study exploring the relative contribution of tree resprouts and seeds to post-fire crown volume in the
Chaco Serrano forest of South America. Additionally, we compare the resprouting response among species and
quantify post-fire changes in tree composition among sites. We established 290 permanent plots distributed in three
sites affected by wildfires in 2005. For all tree species in all plots we recorded survival of every individual 1 year after
the fire; at the plot level, we recorded the above-ground tree volume before and 3 years after the fire. Resprouting
from the base was the main resprouting type. Survival varied between species from 73% to 100% for native species
and from 7% to 100% for non-natives. Before the fire, crown volume was similar in the three sites, and was
completely lost after the fire in 92% of the plots. Three years after the fire, between 8% and 58% of crown volume
was recovered. The ratio of crown recovery because of resprouts and seedlings was 1562:1. Tree composition
exhibited few changes because of the high post-fire survival of most native species. We conclude that in the semiarid
Chaco Serrano ecosystem tree species regenerate mainly by resprouting. This regeneration mode should be taken
into account to better understand post-fire successional pathways of these forests, their management and the

restoration of burnt forest areas.
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INTRODUCTION

It is increasingly recognized that fire plays a key role
in vegetation physiognomy and composition. After
wildfires, plants may regenerate through resprouting
from tissues such as roots, the base of the stem or
aerial parts that were not killed by heat, or alterna-
tively, from seeds (Bond er al. 2005; Pausas & Keeley
2009). Thus, in fire-prone areas, vegetation physiog-
nomy and tree composition of present-day forests
should be explained by both resprouting success (‘per-
sistence niche’ sensu Bond & Midgley 2001) and estab-
lishment from seeds (‘regeneration niche’ sensu Grubb
1977). Post-fire resprouts grow faster than seedlings,
turnover of populations is reduced, and in extreme
cases, the dependence on seeds for population main-
tenance could become negligible (Bond & Midgley
2001; Pausas ez al. 2004; Lamont ez al. 2011).
Persistence by resprouting is presumed to be
successful in low productivity sites, where regenera-
tion by seeds is difficult, or in ecosystems with high
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disturbance rates, like fire-prone areas (Bellingham
& Sparrow 2000; Lamont eral. 2011). In turn,
resprouting may occur from different parts of the
plant, depending on bark thickness (LLawes ez al. 2011;
Brando ez al. 2012), combustibility, bud insulation and
bud position in the plant (Knox & Clarke 2011). Thus,
resprouting from adventitious buds or from the root
collar may be frequent in areas subjected to severe
fires or with thin-barked species, whereas resprouting
from axillary or terminal buds may be frequent in
low-intensity fires or in thick-barked species (Bond
& Midgley 2001). Plant height can also affect
resprouting type because the tallest individuals might
escape from low-intensity fires or keep the highest
buds unburnt (Keeley 2006; Vesk 2006; Brando ez al.
2012). Additionally, bigger plants can have more
starch storage than smaller plants, which might
increase survival through fires (Bowen & Pate 1993;
Canadell & Lopez-Soria 1998; Bond & Midgley 2001;
Gurvich ez al. 2005; Konstantinidis ez al. 2006).

On the other hand, regeneration by seed after a
fire is usually dependent on seed availability at the
site, either from dispersal from unburnt vegetation or
from the surviving seed bank. In turn, the patterns of
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regeneration from seeds present at the site are influ-
enced by patterns of seed predation, moisture, and a
suite of environmental filters that influence seedling
establishment, all of which have been extensively inves-
tigated (Fenner 2000), even in relatively less studied
biomes like the South American Chaco (Barchuk &
Pilar Diaz 1999; Verzino ez al. 2004; Barchuk er al.
2005; Funes & Venier 2006; Funes et al. 2009; Venier
et al. 2011, 2012; Torres & Renison 2012).

Knowing the proportional contribution of persis-
tence and regeneration niches, and the factors that
influence both niches, is important to understand eco-
system dynamics and how to manage and restore
burnt forest areas (Keeley ez al. 2011). Forest areas
that depend mostly on resprouting for post-fire regen-
eration might benefit from strategies that protect
resprouts from herbivores, competition from grasses
and forbs, and from further fires (Vieira & Scariot
2006; Wang ez al. 2007; Vallejo ez al. 2012); in turn,
forest sites that mainly depend on seeds might benefit
from strategies such as seeding or planting of seedlings
at the adequate sites, and modifying sites to favour
natural seed regeneration (Ledgard & Davis 2004;
Simoées & Marques 2007). However, to date most
post-fire restoration efforts have been focused on
seeding and planting, often ignoring post-fire growth
of resprouts (Moreira ez al. 2009).

The factors influencing regeneration by resprouting
and by seeds have been studied in several fire-prone
shrub and forest communities in Australia, South
Africa, North America, the Mediterranean basin and
Asia (Pausas 1999; Kruger & Midgley 2001; Vesk &
Westoby 2004; Pausas & Verdu 2005; Keeley 2006;
Wang er al. 2007; Zhu et al. 2012). However, few
studies have quantified the relative contribution of
resprouts and seedlings to woody community recovery
after a fire (Hoffmann 1998; Kennard ez al. 2002;
Ganatsas et al. 2004; Hooper et al. 2004; Otterstrom &
Schwartz 2006). Hence, it is still difficult to determine
the important factors affecting regeneration niche and
persistence at the regional scale. The relative impor-
tance of tree species recruitment by seed has not been
studied in the Chaco Serrano forest of South America
and few studies have been conducted on the variation
in post-fire resprouting ability in relation to sites, fire
incidence and pre-fire size of individuals. Thus, our
aims were to (1) quantify post-fire biomass recovery
and compare regeneration mode (either by resprouting
or by seedling); (2) compare resprouting type among
study sites and species, and determine whether fire
incidence and pre-fire tree size could be related to
differences in fire response of woody species; (3) quan-
tify the magnitude of fire-induced changes in tree
composition.

We expected a reduction in crown volume because
of fires and a ratio of post-fire recovery by resprouts to
post-fire recovery by seeds of at least 19:1, as reported
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for other ecosystems with fire-prone vegetation (e.g.
Ganatsas er al. 2004). Because resprouting was the
predominant post-fire recovery strategy, we expected
few changes in floristic composition of the woody
communities studied.

METHODS

Study area

The study was conducted in the lower Cordoba Mountains,
central Argentina. The vegetation in the study area corre-
sponds to the Chaco Serrano forest (Cabrera 1976). The
dominant trees in mature forests are Schinopsis marginata
Engl. and Lithraea molleoides (Vell.) Engl., which are
co-dominant with different tree species along the altitudinal,
latitudinal and longitudinal gradients (Giorgis er al. 2011a).
Fires, combined with livestock grazing, urbanization and
agriculture, have greatly reduced forest extension and mature
forests are almost non-existent (Gavier & Bucher 2004; Zak
et al. 2004; Renison et al. 2011). Additionally, in the last two
decades large areas of remnant Chaco Serrano forests have
been invaded by several non-native species (Giorgis ez al.
2011b,c); in some sectors, these species represent more than
90% of the plant cover (Hoyos er al. 2010). Mean annual
precipitation is about 800 mm, mainly concentrated in the
warm season (October to April) and mean annual tempera-
ture is about 13.9°C (Capitanelli 1979). Precipitations
during the study period were lower than the mean (annual
mean of 644 mm between 2004 and 2007; range: from 554
to 727). Fires, which nowadays are mainly ignited by
humans, with a return interval of 2—15 years, generally occur
at the end of the dry season, from June to October or Novem-
ber, depending on the start of the wet season (Miglietta
1994). Past fire regimes are unknown, but a long history
of fire disturbances is presumed because most trees are
resprouters (Gurvich er al. 2005).

We selected three sites affected by fires that occurred
between September and November 2004. There are no
records of the fire intensities, but these three fires completely
scorched most of the above-ground parts of the plants
present in the area and part of the top soil; hence, we assume
that the fires were of high intensity, typical of the dry season
in years of low precipitation. The three burnt sites differed in
vegetation composition, environmental characteristics and
land-use history: (1) Rio Ceballos (31°9’S; 64°18"W, slope
24%, south aspect, 787 m a.s.l.); this site is located at the
foothills of the Sierras Chicas, near the locality of Rio
Ceballos, which has a population of 19 100 inhabitants. The
Rio Ceballos site was affected by one fire in 2003, the year
before the study fire, and no fires in the previous 13 years.
A large portion of the area is surrounded by stands of non-
native glossy privet (Ligustrum lucidum, Hoyos et al. 2010).
There were no livestock at this study site before or after
the fire; (2) Cuesta Blanca (31°28’S; 64°34'W, slope 17%,
south-west aspect, 750 m a.s.l.) is at the foothills of the
Sierras Grandes and 0.2 km from the small locality of Cuesta
Blanca; the area was burnt by an extensive fire 20 years
before our study. Most trees were shrub-like, with some
isolated tall trees. The area was used for goat and horse
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grazing at very low densities (0.074 goats ha™ and 0.015
horses ha™', as determined from 34 direct counts from
November 2004 to February 2006); and, (3) Uritorco
(30°50’S; 64°29"W, slope 17%, east aspect, 1000 m a.s.l.) at
the foothills of the Sierras Chicas and 10 km from the town
of Capilla del Monte, with 10 400 inhabitants. Selective
logging was performed in the area about 60 years before our
study, two forest fires affected part of the area 10 and 20
years before the study fire, whereas the remaining area has
been unaffected by disturbances for over 60 years, this being
the best preserved sector of the study area. The Capilla del
Monte site was used for cattle grazing at low densities of
about 0.026 cattle ha™ (pers. comm. of the land manager,
2004).

Survival and growth by resprouting

From July to November 2005 (about 1 year after the fires),
we established 290 permanent 12.6-m? circular plots (90
plots in Rio Ceballos, 100 in Cuesta Blanca and 100 in
Uritorco) where we recorded live and dead tree individuals
>30 cm tall. We identified dead individuals to the species
level based on bark and shape of the remaining stems. We
considered a species to be of tree growth form when it
reached at least 4 m in height and 7 cm of diameter at 1.30 m
height (Demaio ez al. 2002). We estimated pre-fire basal
circumference, crown height and width based on the remain-
ing tree stems (following Renison ez al. 2002). The use of
remaining tree stems may underestimate pre-fire tree size;
however, in the study region only small branches and twigs
are completely burnt, representing an insignificant propor-
tion of the total pre-fire woody biomass (Gurvich ez al.
2005). We also recorded fire incidence on each tree as the
proportion of the crown that was scorched; for surviving
individuals, we determined if it resprouted from the base,
stem or root, and measured crown height and width (live
tissue, usually the resprouts). We revisited plots for two sub-
sequent years and again recorded all the tree individuals
>30 cm within the plot, their species, basal circumference,
height, and crown width.

Woody species were divided into native and non-native
species. We considered non-native species those listed as
adventitious, introduced, naturalized or exotic in the cata-
logue of the Vascular Plants of the Southern Cone (Zuloaga
et al. 2008). Argentine native species from a phytogeographic
region other than Chaco Serrano were also considered as
non-native (Giorgis er al. 2011c).

Seed regeneration

We recorded the species, number and height of seedlings in a
subsample consisting of four fixed 0.25-m?quadrats placed
within the circular plots once a year in 2005, 2006 and 2007.
We subsampled seedlings in this smaller but more intensively
searched area to make sure we detected all seedlings.

Data analysis

To quantify biomass recovery by resprouting and seedling
regeneration for sampling each year we first estimated an

doi:10.1111/aec.12084

indicator of crown volume of trees and seedlings using
the formula V=4/3*1*’, r= (tree height + tree greatest
width + tree width perpendicular to greatest width)/3)/2. For
post-fire estimations we considered the live tissue (usually
resprouts). For seedlings we considered width as 50% of
seedling height. We then analysed changes in crown volume
(cubic root transformed) of resprouts of the most abundant
species and seedlings among sampling years separately using
repeated measures analysis of variance. We modelled time
(pre-fire and post-fire years 1, 2 and 3) as the within-subject
factor, site as a between-subject factor with three levels (sites)
and time * sites interaction.

To compare resprouting type among sites and species, we
carried out a multinomial logistic regression using the data of
species that were present in at least eight plots obtained on
the first sampling date (2005). The response variables were
the categories: dead, stem resprouts, root resprouts, basal
resprouts, multiple resprouts (from different parts of the
plant) and escape (some unburnt part of the crown). We
included fire incidence and pre-fire height as covariables and
the native/non-native groups as a categorical variable. We also
included the interactions pre-fire height * site and fire inci-
dence * site in the model.

To determine the main directions of variation in tree
composition, a data matrix of 1024 plots X 21 species was
subjected to Detrended Correspondence Analysis (DCA,
Legendre & Legendre 1998). We used 1024 plots and 21
species because to run the program we deleted 34 records
with zero individuals in at least one of the studied years
and three species with represented by a single individual.
Thus, each plot was positioned along two main axes that
summarized their composition. We analysed the changes in
axis values over time using a repeated measures analysis of
variance.

RESULTS

Fires killed all the above-ground biomass in 92% of
the plots (268 out of 290), whereas the remaining 8%
(22 out of 290) had at least one tree with one branch
or part of the stem remaining alive. Twelve of these
partially burnt plots were located in Uritorco, five in
Rio Ceballos and five in Cuesta Blanca. In the study
plots we recorded 1665 individuals taller than 30 cm,
mean 4567 + 170 individuals ha™, of which 90% were
native and 10% were non-native trees. There were 15
native species, with six species recorded in all three
sites, two species recorded at two sites and seven
species recorded exclusively in one of the sites
(Appendix S1). We also recorded a total of nine non-
native tree species in the Rio Ceballos and Cuesta
Blanca sites, with no non-natives being recorded in
Uritorco. Rio Ceballos showed the highest density
of non-native trees, mainly Ligustrum lucidum, which
was in 43% of the plots. One year after the fire, sur-
vival varied among species, from 73% to 100% for
native species and from 7% to 100% for non-natives
(Appendix S2).
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Resprouts and seedlings

The ratio of estimated above-ground crown volume
regenerated by resprouts to that regenerated by seeds
was 1562:1 three years after the fire, in 2007 (crown
volume of resprouts and seedlings was 2342.9 £ 217.1
and 1.5 + 0.6 m® ha!, respectively; Fig. 1).

The estimated pre-fire crown volume was similar
across sites, ranging from 7123.4 £ 930.8 m®> ha! in
Uritorco to 7871.7 £ 858.3 m® ha™! in Cuesta Blanca
(Fig. 1a). After the fire, crown volume was gradually
restored by resprouting to 32%, 58% and 8% of the
pre-fire crown volume, for Uritorco, Rio Ceballos, and
Cuesta Blanca, respectively, at the end of the study
period, in 2007 (Fig. 1a). Biomass recovery was sig-
nificantly higher in Uritorco and Rio Ceballos than
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Fig. 1.
seedlings in the three study sites. Bars show SE.

Table 1.
species in the Chaco Serrano forest

Uritorco
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in Cuesta Blanca (both Tukey post-hoc tests P < 0.01),
with no differences between Rio Ceballos and
Uritorco (Tukey post-hoc test P = 0.2; repeated meas-
ures ANOVA, site effect F =12.57, P< 0.001).

Basal post-fire resprouting was the main survival
mode (71%), followed by resprouting from roots
(8%) and stems (0.1%). We recorded two or more
resprouting types (e.g. basal and root resprouts) in
2.6% of the cases, and part of the crown was unburnt
in 1% of the cases. The resprouting type was related
to pre-fire size, site and species (Multinomial
logistic regression, n = 1637, y*=828.47, P< 0.001,
Table 1).The presence of stem resprouts was positively
related to pre-fire height, except for Cuesta Blanca,
where the opposite pattern was observed (site * pre-
fire height interaction). Two species showed a different

(b)
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(a) Mean of pre- and post-fire estimated crown volume of resprouting, and (b) post-fire estimated crown volume of

Variables/term included in the multinomial regression model predicting the post-fire resprouting type of woody

Resprouting type

Stem resprouts Root resprouts Basal resprouts Multiple resprouts Escape
Terms Wald P Wald P Wald P Wald P Wald P
Variables
Site 0.0 0.9 0.0 0.9 0.0 0.9 0.0 0.9 0.0 0.9
Rio Ceballos 27.1  <0.001 (-)
Native/non-native species 0.0 0.9 0.2 0.7 0.9 0.3 0.1 0.7 0.0 0.9
Species 0.2 0.6 0.06 0.8 0.6 04 0.1 0.7 0.0 0.9
Aspque’ 4.0 0.05 (V)
Ligluc* 5.7 0.02 (-) 8.5 0.004 (-
Covariables
Pre-fire height 153 <0.001 (+) 0.2 0.6 2.2 0.1 0.0 0.9 0.1 0.7
Fire incidence 0.0 0.9 0.0 1 0.0 1 0.0 0.9 0.0 0.9
Interactions
Pre-fire height*Site 5.2 0.02 (-) 0.4 0.5 1.5 0.2 0.2 0.7 0.0 0.9
Cuesta Blanca 5.2 0.02 (-
Fire incidence*Site 0.0 0.9 0.0 0.9 0.0 1 0.0 0.9 0.0 0.9

tAspidosperma quebracho-blanco. *Ligustrum lucidum. The general trend of the relationship is indicated in parentheses when
the term was significant. The category ‘Dead individuals = 0’ was considered as the reference for comparisons with the
resprouting types (Frequency of fire-induced mortality = 0.17). Model Fit Statistics Nagelkerke Pseudo R? = 0.47. Full model
% (d.f. = 115) = 828.47, P< 0.001. Significant values are indicated in bold.
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Detrended Correspondence Analysis (DCA) ordination (Axes 1 and 2) of 1024 plots on the basis of 25 native and

non-native tree species. In (a) species and (b) pre-fire plot location on DCA ordination (Axes 1 and 2). In (¢) we show values
of axis 1 of the DCA ordination, for all study years, and in (d) values for axis 2. Bars show SE. Abbreviations for the names of
the native species: Acacia atramentaria (Acaatr), Acacia caven (Acacav), Acacia praecox (Acapra), Aspidosperma quebracho-blanco
(Aspque), Celtis erhermbergiana (Celerh), Condalia spp. (Condal), Geoffroea decorticans (Geodec), Kageneckia lanceolata (Kaglan),
Lithraea molleoides (Litmol), Ruprechtia apetala (Rupape), Schinopsis marginata (Schmar), Schinus fasciculatus (Schfas), Trithrinax
campestris (Tricam), Ximenia Americana (Ximame), Zanthoxylum coco (Zancoc). Non-native especies: Gleditsia triacanthos
(Gletri), Ligustrum lucidum (Ligluc), Manihot grahamii (Mangra), Melia azedarach (Melaze), Pyracantha angustifolia (Pyrang).

post-fire response from the remaining ones: the tall
native Aspidosperma quebracho-blanco had the highest
number of stem resprouts, and the non-native
L. lucidum presented the lowest survival. Fire inci-
dence, the species type (native or non-native) and the
fire incidence * site interaction had no effect on
resprouting type (Table 1).

Seedling regeneration was extremely rare. In the
1160 sampling quadrats covering a total area of
290 m? we recorded seedlings of 14 native species,
with 38, 31 and 58 seedlings in the first, second and
third years after the fire, respectively. We recorded
two species of non-native tree seedlings with a total of
five seedlings (Appendix S3). The estimated seedling
crown volume was not significantly different among
years (Repeated measures ANOVA, within-subject
effects, n = 278, F = 2.81, P=0.1; Fig. 1b). We found
significant differences among sites in estimated seed-
ling crown volume (between-subject effects, n =278,
F=4.39, P=0.01), being higher in Uritorco than
in Rio Ceballos and Cuesta Blanca (P=0.04 and
P =0.03, respectively), without significant differences
between Rio Ceballos and Cuesta Blanca (P=0.9;
repeated measures ANOVA post-hoc tests).

doi:10.1111/aec.12084

Changes in tree composition

The ordination analysis (DCA) showed two main
axes with eigenvalues for axes 1 and 2 of 0.66 and
0.54, respectively. Both native and non-native species
were well distributed along the space defined by the
ordination (Fig. 2a). Plots in the three study sites
(Uritorco, Rio Ceballos and Cuesta Blanca) were
partially segregated in the space defined by the DCA
axes 1 and 2, with Rio Ceballos plots at the upper
extreme of axis 1 and Cuesta Blanca plots at the lower
extreme (Fig. 2b). Along axis 2, the study sites were
not clearly separated, with Rio Ceballos plots particu-
larly showing more variability than Uritorco and
Cuesta Blanca. Plot position along axes 1 and 2
changed significantly during the successive years after
the fire in Rio Ceballos but not in Cuesta Blanca and
Uritorco (Repeated measures ANOVA: axis 1, n = 255,
F=13.7, P<0.001; year * site F=15. 2, P<0.001;
axis 2, n =255, F=5.1, P< 0.02; year * site F = 7.3,
P=0.001), although these changes were relatively
small compared with differences in composition
among sites (between-subject effect, axis 1, F = 301.1,
P<0.001; axis 2, F=129.1, P<0.00; Fig. 2c,d).
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An identical analysis excluding non-natives produced
a very similar pattern of results for axis 1 and no
significant differences on axis 2 (Repeated measures
ANOVA: axis 1, n =256, F =3.5, P=0.06; year * site
F=6.5, P=0.002; between-subject effect, P < 0.001;
axis 2, n=256, F=0.9, P=0.3; year * site F=1.8,
P = 0.2, between-subject effect, P= 0.02).

DISCUSSION

Resprouts and seedlings

The high ratio of biomass regenerated by resprouting
to that regenerated by seeds obtained in our study is in
accordance with previous studies that have suggested
that resprouting species are dominant in fire-prone
areas, where seedling establishment is difficult because
of water limitations during the dry season (Knox &
Clarke 2006; Lamont ez al. 2011), as occurs in our
study area. To the best of our knowledge, this ratio has
not been reported for other South American ecosys-
tems and is higher than previously reported ratios (e.g.
Ganatsas et al. 2004). According to these results, the
study of resprouting patterns should contribute to a
better understanding of post-fire vegetation succession
than the study of regeneration by seed alone (Bond &
Midgley 2001).

As a consequence of the overall high post-fire sur-
vival (except for one non-native species), the main
effect of fire, as measured in this study, was loss of
crown volume. Similar findings were reported by
Verzino ez al. (2005) for our study region and by Bran
et al. (2007) for semiarid environments. The loss of
crown volume is known to reduce various ecosystem
services, like the provision of windshield and shade,
and is known to change the composition of other taxa
(i.e. for medicinal plants, Verzino et al. 2005; for
wood decaying polypores, Robledo & Renison 2010).
Furthermore, we found different patterns of crown
volume recovery among sites, with Cuesta Blanca
presenting the slowest recovery. Cuesta Blanca is the
only study site with presence of goats (see study area
section). Even at low densities goats might have
delayed post-fire resprout growth. In addition, this
site is more to the west than Rio Ceballos and its lower
productivity may be because of a regional gradient
of precipitation that decreases from east to west
(Capitanelli 1979). On the other hand, the Uritorco
site is the driest of the three study sites (west and
north of Rio Ceballos, with the consequent greater
evapotranspiration). However, Uritorco was the best
preserved study site, suggesting a synergistic effect
between productivity, fire history and livestock density
that influences the recovery of biomass, as reported for
other ecosystems (Coop er al. 2010).
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In our study region the end of the fire season coin-
cides with the start of the rainy summer and an
increase of temperature and humidity would be
expected to be favourable for seedling recruitment.
However, the harsh environmental conditions prevail-
ing during the long cold and dry winter season seem to
limit forest recovery by seedlings even under water
addition treatments (Casillo er al. 2012) or in the
absence of fires (Torres & Renison 2012). The low
regeneration by seeds could not be explained by the
lack of seed viability, because Chaco Serrano species
have relatively high seed viability (Funes et al. 2009;
Torres & Renison 2012).We also rule out the complete
destruction of reproductive structures and seed bank
by fire (Hoffmann 1998), because seedlings were simi-
larly scarce in unburnt areas (Torres & Renison 2012).
Seedling regeneration could be restricted to periods
of favourable climatic conditions, as occurs in other
semiarid and arid forest (Holmgren ez al. 2006;
Squeo er al. 2007). Thus, the high post-fire survival by
resprouting might assure the long-term persistence of
seed sources for seedling recruitment under suitable
environment conditions (Enright ez al. 1998). On the
other hand, the surrounding sites could be a key factor
determining post-successional regeneration because
of provision of seed sources for establishment, as
reported for other regions of the world (Pausas 1999;
Chazdon 2003; Sibold & Veblen 2006; Kitzberger
et al. 2007; Coop et al. 2010).

Changes in tree composition

We identified few changes in tree composition; this
result was expected because of the high survival of
all native species recorded in our study (more than
70%). Furthermore, these changes were relatively
small compared with differences in composition
among sites. Similar results were reported in Chaco
Serrano forest by Verzino et al. (2005). The pre-fire
differences in floristic composition are not likely to be
because of differences in fire history of sites because
previous studies on floristic composition and structure
of Chaco Serrano forest show that differences in flo-
ristic composition are mainly because of variations
in temperature and precipitation along altitudinal,
latitudinal and longitudinal gradients; and second,
to fire and livestock (Giorgis ez al. 2011a). However,
our results only reflect tree changes induced by one
fire. Because fires are highly recurrent in Coérdoba
Mountains, species with reduced resprouting capacity
may have become locally extinct (e.g. Lloret & Vila
2003), and therefore might not have been detected in
our study. In the communities with recurrent fires
and a dominant resprouting strategy, changes in the
dominant species have been detected only over long
periods (Diaz-Delgado ez al. 2002). Some authors
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have highlighted that the resilience of communities to
fire can vary spatially and temporally; hence, manage-
ment strategies should be carefully planned, taking
into account this variability (Rodrigo ez al. 2004).

Implications for conservation

Given the dominance of post-fire tree resprouting
(persistence niche) over regeneration by seeds (regen-
eration niche) in Chaco Serrano forests, we suggest
that the restoration of burnt areas should mostly con-
sider protection of resprouts from post-fire distur-
bances, including further fires, urban sprawl, browsing
by domestic herbivores and competition by non-native
species. All types of regeneration contribute to post-
fire recovery and even though the Chaco woody com-
munity shows great ability to persist after fire, seedling
establishment should also be enhanced, especially in
extremely degraded areas where tree resprouting is not
vigorous or trees have completely disappeared because
of high fire recurrence. In a visit to the study area
5 years after the study fires, all plots from Cuesta
Blanca were again burnt by a wildfire, 20 of the plots
of Rio Ceballos were urbanized and only Uritorco
remained undisturbed. The Chaco Serrano forest is
clearly under high human pressure (Zak & Cabido
2002; Gavier & Bucher 2004) and further studies
focusing on resprouting and seedling establishment in
relation to fire frequency and their interactions with
other disturbances are needed to fully understand
post-fire forest recovery.
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