
Growth and reproductive post-fire responses of two
shrubs in semiarid Patagonian grasslands

S. L. GonzalezA,C, L. GhermandiA and D. V. PeláezB
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Abstract. Variation in fire intensity affects the post-fire survival and growth of shrubs. We examined effects of
maximum fire temperature (a proxy for fire intensity) on the survival, growth and reproductive performance of the shrubs
Mulinum spinosum and Senecio bracteolatus at 1 and 2 years post-fire in north-west Patagonian grasslands. We applied
two fire temperature treatments to plants of each species. All M. spinosum plants survived fire treatments but high fire

temperature notably decreased survival of S. bracteolatus. Bud position and plant architecture probably influenced shrub
survival. During the first growing season, M. spinosum did not produce seeds whereas S. bracteolatus plants burned at
low temperature produced three times more seeds and bigger seeds than unburned plants. Also, seeds from burned plants

of S. bracteolatus had higher germinability than seed from unburned plants. High survival and resprouting capacity
of M. spinosum even after high fire intensity indicate that this species might be less affected by changes in fire
regime.
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Introduction

Grassland disturbances such as grazing and fire affect shrub
abundance and distribution worldwide (Watkinson and
Ormerod 2001; Montenegro et al. 2004; Bond et al. 2005). Fires

can reduce shrub encroachment (Lloret and Zedler 1991; Van
Auken 2000; Roques et al. 2001; Drewa 2003), but some shrub
species thrive after fire, including Cornus drummondii in North

Americanmesic grasslands (Heisler et al. 2004),Betula pendula
in north-western (NW) Italian heathlands (Borghesio 2009) and
Fabiana imbricata in NW Patagonian grasslands (Oddi 2013).
These contrasting results are related to fire adaptations of the

various shrub species (e.g. resprouting ability, longevity and
phenology) and fire regimes (e.g. frequency, intensity and sea-
son) (Bond and van Wilgen 1996; Roques et al. 2001; Heisler

et al. 2004).
Post-fire responses of resprouting shrubs depend on location

of meristematic tissue, pre-fire plant conditions (e.g. physiolog-

ical status, phenological stage and carbohydrate reserve) and
morphological plant traits (e.g. accumulated fine fuel and
architecture) (Malanson and O’Leary 1985; Cruz and Moreno

2001; Drewa 2003). Post-fire regrowth generally occurs from
buds on belowground structures such as rhizomes, gemmiferous
roots, lignotubers and other underground meristematic struc-
tures (Lloret and Vilà 1997; Drewa 2003). Grass fires have a

short residence time and soil often insulates buried buds from

high fire temperatures, increasing plant survival (Lata and
Weirich 1999; Choczynska and Johnson 2009). On the other
hand, canopy architecture could affect fire intensity and thus the

post-fire response of plants (Schwilk 2003). For example, plants
that retain dead branches are more likely to increase heat release
(Cowan and Ackerly 2010). However, few studies have related

plant architecture with fire intensity (Schwilk 2003).
Fire intensity has a profound effect on post-fire survival and

growth of resprouting species (Malanson and Trabaud 1988;
Lloret and López-Soria 1993; Moreno and Oechel 1994; Drewa

2003). Fire intensity is measured by energy released during
combustion (Keeley 2009) and is often described by two
components: peak temperature and residence time. Maximum

temperature is one post hoc measure of fire intensity used to
explore the effect of fire on plant survival and growth (Moreno
and Oechel 1993; Drewa et al. 2002). Effects of fire intensity on

shrub responses are poorly understood (Drewa 2003) but, in
general, increasing fire intensity increases plant mortality,
reduces resprouts and delays resprouting (Borchert and Odion

1995). Moreno and Oechel (1991) found that high fire intensity
decreased survival and resprouting of Adenostoma fasciculatum
in Southern California chaparral. However, Drewa et al. (2002)
reported that in savannas of Florida, physiological status
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(i.e. stored resources in belowground organs) of the plant at the
time of fire was more important than fire temperature in
determining plant survival. Experimental burns with tempera-

ture manipulation could help to improve the mechanistic under-
standing of fire intensity role on vegetation.

Prioritisation of resource allocation depends on regenera-

tion strategies after disturbance (Bellingham and Sparrow
2000; Bond and Midgley 2001; Clarke et al. 2013). Resprout-
ing species first allocate resources to recover vegetative tissue

removed by fire, then to recharge storage organs and finally to
reproduce (Iwasa and Kubo 1997). Allocation of stored
resources (i.e. non-structural carbohydrates) to sprouting
may result in decreased reproductive effort (Keeley and

Zedler 1978). In South American (Argentina) temperate
savanna, the shrubs Eupatorium buniifolium and Baccharis

medullosa (Asteraceae), for example, have different resource

allocation strategies. Eupatorium buniifolium allocates more
resources to shoots than to leaves and sexual reproduction is
usually delayed for 1 year after fire. In contrast, B. medullosa

initially allocates more resources to recover leaves, allowing
individuals to reproduce sexually just 3–4 months after fire
(Galı́ndez et al. 2009). Species that are capable of post-fire

resprouting and seeding (mixed strategy) have lower post-
fire growth than obligate resprouters, possibly because they
invest significant resources in sexual reproduction (Bellingham
and Sparrow 2000; Bond and Midgley 2001; Maguire and

Menges 2011).
Mulinum spinosum and Senecio bracteolatus are two com-

mon shrubs in NW Patagonian grasslands. Their presence is

associated with sites degraded by livestock overgrazing and can
be used as an indicator of grassland status (León and Aguiar
1985). Shrub encroachment often decreases forage productivity

because shrubs are rarely eaten by livestock (Aguiar and Sala
1998; Bertiller and Bisigato 1998). Both shrub species have
rapid regrowth and high post-fire survival, even after severe
fires, ensuring their persistence in the community (Ghermandi

et al. 2004; Damascos and Ghermandi 2007). Mulinum spino-

sum is a resprouter whose closed weft of fine dry branches
facilitates its rapid combustion (Ghermandi et al. 2004). The

presence of secondary metabolites (terpenes and phenols,
Cavagnaro et al. 2003) further increases its flammability. After
fire, this species typically recovers its aerial biomass quickly by

resprouting from basal and belowground buds buried as deep as
5 cm (Damascos and Ghermandi 2007; Gonzalez et al. 2010).
Senecio bracteolatus resprouts after fires from aboveground

basal buds (i.e. root crown) and recruits in gaps from seeds; these
seeds come from nearby unburned areas and from resprouting
burned plants (Ghermandi et al. 2004; Franzese et al. 2009).
Fire enhances S. bracteolatus recruitment in NW Patagonian

grasslands because fire increases favourable gap microsites
(Franzese et al. 2009). This species forms a transient seed bank:
seeds of S. bracteolatus are not found in the seed bank after fire

(Gonzalez and Ghermandi 2008). Also seed germination is not
stimulated by heat (808C) and smoke treatments (Gonzalez and
Ghermandi 2012). Further, Franzese (2006) found that seed

production of S. bracteolatus was greater in burned than
unburned grasslands 5–6 years after fire.

All of the abovementioned studies were based on research
after wildfires, where the fire temperature could not be recorded.

In the present study, we performed experimental burns on
individual plants to understand post-fire response of dominant
shrubs under fire temperature scenarios. Hence, the objective of

this study was to determine the effect of different fire tempera-
tures on plant survival, as well as vegetative and reproductive
performance of M. spinosum and S. bracteolatus 2 years post-

fire. We hypothesised that high fire temperature will decrease
plant survival of S. bracteolatus due to aboveground bud
position (i.e. root crown) and plant architecture (i.e. multiple

and thick stems). Surviving S. bracteolatus plants will prioritise
seed production rather than growth. Also, we hypothesised that
high fire temperature would not affectM. spinosum survival and
growth (because buds are positioned below ground) but it would

delay seed production due to resource allocation to resprouts
instead of reproduction.

Materials and methods

Study area

We conducted the study in NW Patagonian grasslands (San
Ramón Ranch, 4180301900S and 7180105000W), 30 km east of
Bariloche, Argentina (Fig. 1). The climate is temperate with a

Mediterranean precipitation regime (60% falls in autumn and
winter) (Soriano et al. 1983). Mean annual precipitation is
582 mm and mean annual temperature is 98C. During our study,
the first growing season (2008 spring–2009 summer) was dry
and warm compared with historical mean precipitation
(1959–2010) and temperature (1970–2010) values. The second
growing season (2009 spring–2010 summer) was wet and the

springwas cold comparedwith historicalmean precipitation and
temperature values (Fig. 2) (San Ramón Ranch Meteorological
Station 1929–2013, unpubl. data). Strong west-northwest winds

blow frequently throughout the year, accentuating water stress
in the warm season (Godagnone and Bran 2009).

The Patagonian landscape was moulded by the passage of

glaciers and, during the Holocene, was covered by ash from
volcanoes located in Chile (Anchorena et al. 1993). Soils are
Haploxeroles characterised by sandy loam texture, superficial

horizons and moderate organic matter (Gaitán et al. 2004).
Vegetation corresponds to the Subandean District (Cabrera
1971) and is dominated by the tussock grasses Pappostipa

speciosa (ex Stipa speciosa) and Festuca pallescens, scattered

shrubs such asM. spinosum (Apiaceae), S. bracteolatus (Aster-
aceae) and Acaena splendens (Rosaceae) and monospecific
shrublands of Fabiana imbricata (Solanaceae). Vegetation

cover is,60% and inter-tussock spaces are occupied by herba-
ceous species such as Rumex acetosella (Polygonaceae), Draba
verna (Brassicaceae), Holosteum umbellatum (Caryophylla-

ceae) and Microsteris gracilis (Polemoniaceae).

Fire treatments

We randomly selected 24 similar-sized S. bracteolatus

(40–60 cm in diameter) and M. spinosum (50–70 cm in dia-
meter) plants in 1 ha of grassland fenced for livestock exclusion.

We assigned plants to three fire treatments: low-temperature
(LT: 200–5008C), high-temperature (HT: 500–9008C) and no
fire (UNB: unburned plants). These temperatures are within the
range recorded in other grassland fires (Stinson and Wright
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1969; Wright and Bailey 1982; Gibson et al. 1990; Steuter and

McPherson 1995; Robberecht and Defossé 1995; Lata and
Weirich 1999; Gimeno-Garcı́a et al. 2004) and in preliminary
studies carried out in the same Patagonian grasslands by
Franzese and Ghermandi (2012). Immediately before burning,

we cut aboveground biomass of each plant up to 10 cm in height
to standardise biomass among plants (Lloret et al. 1999). InMay
2008, we applied fire treatments with a portable propane burner

modified fromWright andKlemmedson (1965) and Peláez et al.
(2001). Three flame jets were oriented towards the plant, which
was located in the centre of the portable propane burner. We

applied fire in the basal zone until the desired temperature range
was reached. The temperature was recorded each 5 s and until it
dropped below 608C.We used a type K thermocouple connected
to a data logger and located in the centre of the plant (1 cm above

surface) without touching the soil. Thermocouple wire was
placed inside a hollow metal tube (1 m) to avoid damage. We
calculated an average time–temperature curve for each plant and

treatment with the data of temperature recorded each 5 s. After
the burns, we placed wire cages around each plant to prevent
herbivory by hares and native rodents.

Plant monitoring

In March 2009 and 2010 (early autumn), we calculated the

percentage of plant mortality for each species and treatment.
For two growing seasons (September–March 2008–2010), we
measured the maximum height of resprouts in six of the longest

branches selected at random for each species every month.
The branches were tagged with different wire colours to allow
repeated sampling of the same branches.

We calculated the relative growth rate (RGR) of the

shrub resprouts following the equation proposed by Hilbert
et al. (1981):

RGR ¼ ðln x1 � ln x2Þ
ðt2 � t1Þ

where x is the post-burn resprout length (cm) in a time interval
t1–t2 (days).

We calculated the plant volume of M. spinosum (Vm)
following the equation for a half ellipsoid (Damascos and
Ghermandi 2007):

Vm ¼ 2

3
j � ðh � r1 � r2Þ

where h is the plant height (cm) and r1 and r2 (cm) are the
hemi-axes. We calculated the plant volume of S. bracteolatus
(Vs) following the geometric equation of an inverted cone

(Franzese 2006):

Vs ¼ j

3
� h � r1 � r2

where h is the plant height (cm) and r1 and r2 (cm) are the hemi-

axes. We measured two perpendicular diameters and height of
the plants before the fire treatments and 1 and 2 years post-burn.

Seed production and germination

In January 2009 and 2010, we counted the flowering

S. bracteolatus plants in each treatment. FewM. spinosum plants
produced reproductive structures, so we could not calculate
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Fig. 1. Location of the study area in Argentina.
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M. spinosum seed production. To estimate S. bracteolatus seed
production, we harvested the mature capitula before seed dis-
persion. We counted the number of capitula per plant and seeds

per capitulum to calculate seed production (P):

P ¼ ðNHÞ � ðNSÞ

where NH is the mean number of capitula produced per
individual and NS is the mean number of seeds per capitulum
(Franzese 2006). We weighed the seeds with an analytical

balance (10 groups of 10 seeds).
To evaluate seed germination in April 2009 and 2010, we

used 10 replicates of 20 S. bracteolatus seeds from each

treatment.We did not evaluate seed germination inM. spinosum

because its seeds are empty. We determined seed viability by
the seed crush test (Borza et al. 2007).We placed the seeds of
S. bracteolatus on two sheets of filter paper moistened with

distilled water, inside 9-cm diameter Petri dishes. We wrapped
Petri dishes in parafilm to reduce desiccation. We incubated
seeds in a germination chamber under controlled temperature

and photoperiod (13 h light–188C and 11 h dark–58C). Seeds
were monitored weekly for at least 6 weeks and the germinated
seeds were recorded and removed.We used radical protrusion as

the criterion for germination (Williams et al. 2003).

Statistical analysis

We used a one-way ANOVA following a complete randomised

design to compare the mean maximum height and RGR of
resprouts and plant volume, seed production (2010 year), seed
germination (2010 year) and seed mass (2010 year) among

treatments (low fire temperature, high fire temperature and
unburned) for each time of observation. A t-test was used to
compare the seed production, seedmass and seed germination of
S. bracteolatus between low fire temperature and unburned

treatment (2009 year). When the data did not meet normality
and homoscedasticity assumptions, we used non-parametric
Kruskall–Wallis (H) or Mann–Whitney (U) tests. We used

Tukey test for a posteriori comparison of the means.

Results

Mean temperatures in the LT fire treatment ranged from
379� 758C (S. bracteolatus) to 444� 578C (M. spinosum).

In the HT fire treatment, they ranged from 666� 1318C
(S. bracteolatus) to 673� 678C (M. spinosum) (Figs 3a and b).
We recorded themaximum fire temperature within a few seconds
post-ignition in both species (LT: 15 s forM. spinosum and 20 s
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Fig. 2. Temperature (8C) (a) and accumulated precipitation (mm) (b)

during spring (September–December) and summer (January–March) in

years 2008 (black bars), 2009 (grey bars) and 2010 (light grey bars). White

bars represent the mean historical accumulated precipitation (1959–2010)

and mean historical temperature (1970–2010). Data were from the meteoro-

logical stations of San Ramon Ranch. * indicates significant differences

between the monthly accumulated precipitation or mean temperature, and

mean historical value using a t-test.
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for S. bracteolatus; HT: 45 s for M. spinosum and 49 s for
S. bracteolatus; see Figs 3a and b). We recorded temperatures
above 2008C inHT treatment for,1min inM. spinosum and for

,3 min in S. bracteolatus.

Plant mortality and growth

No M. spinosum plants died during the post-fire monitoring

period. In S. bracteolatus, 67% of plants in the HT treatment
died by the end of monitoring (March 2010). We also observed
plantmortality in unburned (UNB) and LT treatments during the

second growing season (Table 1).

Maximum heights of M. spinosum resprouts were similar
among treatments in both growing seasons for each monitoring
date (P. 0.05), but not in LT treatment when compared with

unburned plants in November andDecember 2008 (F2,19¼ 4.63,
P¼ 0.02; and F2,19¼ 3.66, P¼ 0.04) (Figs 4a and b). Although
S. bracteolatus resprouts were taller in the LT treatment in the

first growing season, significant differences compared with the
HT treatment were only noted between January andMarch 2009
(January: H¼ 7, P¼ 0.02; February: H¼ 9.68, P¼ 0.01; and

March: H¼ 7.75, P¼ 0.02) (Fig. 4c). During the second grow-
ing season, resprouts in the LT treatment were significantly
taller than in the HT treatment only in September 2009
(H¼ 7.97, P¼ 0.02) (Fig. 4d ).

RGR of resprouts for both shrubs was high during the first
growing season in all treatments (until January 2009 in
M. spinosum and December 2008 in S. bracteolatus) (Figs 5a

and c). For M. spinosum, we found significant differences
among treatments only in December–January 2009 (RGR
greater inLT than inUNB,H¼ 6.56,P¼ 0.03). In S. bracteolatus

plants, we found higher RGR in the UNB than in the LT
treatment (F2,15¼ 5.85, P¼ 0.01) for February–March 2009.
During the second growing season, RGR decreased in both

Table 1. Plant mortality (%) of Senecio bracteolatus in the first

(2008–09) and second growing season (2009–10) in unburned and fire

treatments

2008–09 2009–10 Total

Unburned 0 28.6 28.6

Low temperature 12.5 25.0 37.5

High temperature 55.5 11.1 66.6
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species but we did not find significant differences among

treatments (P. 0.05) (Figs 5b and d ), except in December–
January 2010 in M. spinosum plants burned with HT (higher
RGR, F2,18¼ 5.29, P¼ 0.01) (Fig. 5b).

We found no significant differences in plant volume of both
species among treatments 1 and 2 years post-burn (P. 0.05).
M. spinosum plants recovered 23% of their pre-burn volume
1 year after the burn, whereas S. bracteolatus recovered only

12%. After 2 years, plants of both shrubs and in all treatments
recovered ,40% of the volume that they had before burns
(Table 2).

Seed production and germination

In M. spinosum, only 50% of the burned plants and 25% of the
unburned plants produced seeds during the second growing

season after burns, and all seeds were empty. During the first
growing season, 87.5% of S. bracteolatus plants that were
burnedwith LT treatment produced seedswhereas plants burned

with HT treatment did not produce seeds. Only 42%of unburned
plants produced seeds. Although seed number per plant in the
LT treatment was nearly three times higher than in the unburned
treatment in 2009, we found no significant differences

(t7¼�1.39, P¼ 0.20) (Table 3). In the second growing season,

S. bracteolatus plants burned with both temperature treatments
produced seeds. Althoughwe found no significant differences in

the seed number per plant among different treatments in 2010,
seed number tended to be greater in LT and UNB treatments
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Fig. 5. Mean relative growth rate and standard error (SE) for resprout height of Mulinum spinosum (a, b) and Senecio bracteolatus (c, d ) in unburned

(UNB), low- (LT) and high-temperature (HT) fire treatments calculated from September (S) 2008 until March (M) 2010, with time on the x-axis. Row values

with the same letter are not significantly different between treatments for each monitoring date (P. 0.05).

Table 2. Mean volume and standard error (SE) ofMulinum spinosum

and Senecio bracteolatus plants in pre-burn (May 2008) and 1 and 2

years post-burn (March 2009 and 2010), in unburned and fire

temperature treatments

All comparisons among species and treatments were not significant

(ANOVA, P. 0.05)

Volume (m3)

Pre-burn 1 year post-burn 2 years post-burn

Mulinum spinosum

Unburned 0.82� 0.08 0.19� 0.03 0.36� 0.08

Low temperature 0.81� 0.06 0.10� 0.06 0.34� 0.14

High temperature 0.95� 0.08 0.18� 0.03 0.40� 0.07

Senecio bracteolatus

Unburned 0.34� 0.06 0.04� 0.02 0.14� 0.05

Low temperature 0.48� 0.05 0.07� 0.02 0.20� 0.04

High temperature 0.46� 0.01 0.09� 0.02 0.18� 0.07
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than in HT treatment (F2,9¼ 1.15, P¼ 0.35) (Table 3). Mean

seed mass from S. bracteolatus plants burned with LT treatment
was greater than seed mass from unburned plants in both years
(2009: t18¼ 4.18, P, 0.001; 2010: F2,27¼ 4.39, P¼ 0.02)

(Table 3).
In 2009, S. bracteolatus seeds from plants exposed to LT

showed a greater percentage of germination (U¼ 75,P¼ 0.025)
than seeds from unburned plants (100% v. 80%). In contrast,

no significant differences were found among germination
treatments of seeds harvested in 2010 (H¼ 5.32, P¼ 0.07)
(UNB¼ 84%, LT¼ 84% and HT¼ 83%).

Discussion

Fire temperature affected the survival, growth and reproduction
of S. bracteolatus and M. spinosum. High fire temperature
decreased survival and growth of S. bracteolatus plants, but low

fire temperature enhanced early and abundant seed production,
and seed germination. In contrast, 100% of M. spinosum plants
survived fire and resprouted vigorously even after high fire
temperature but plants delayed seed production. As shown in

other studies (Ghermandi et al. 2004; Damascos and Ghermandi
2007) both species resprouted quickly after fires, which favours
their persistence and confers resilience to the community.

Although our results showed a relatively high mortality of
S. bracteolatus plants to high-temperature fire, populations
would not be greatly affected by low-temperature fires because

mortality could be offset by high seed recruitment.
Differential survival and growth of the two studied shrub

species could be related to bud position. Shrubs with below-
ground dormant buds are more likely to survive fire because of

the insulating effects of soil and therefore will persist in the
community (Steuter and McPherson 1995; Bond and vanWilgen
1996). Several studies have reported that soil temperatures did

not reach 1008C at 2.5 cm in depth because heat is poorly
transferred in the soil even during high-intensity fires (Scotter
1970; Whelan 1995; Carrington 2010). In our study, we

observed M. spinosum resprouts emerging from belowground
buds located at 5-cm depth. The 100% survival ofM. spinosum

plants in both temperature treatments is probably related to the

presence of subterranean buds. In contrast, S. bracteolatus has
aboveground basal buds, which could explain the highmortality
detected, especially in high fire temperature treatments. Mallik
and Gimingham (1985) found that Empetrum nigrum and

Arctostaphylos uva-ursi (both Ericaceae shrubs) resprouted
vigorously at lower temperatures but recovered poorly at higher

temperatures because they have mostly aboveground buds.

Therefore the different bud positions of S. bracteolatus and
M. spinosum could explain the differences in mortality and
resprouting that we recorded.

The duration of heat exposure may also affect plant survival
and growth (Wright and Bailey 1982). S. bracteolatus has
more woody basal stems than M. spinosum (Correa 1971), and
consequently could maintain high temperatures for longer, as

seen in the average time–temperature curves (Fig. 3a and b).
Sustained high temperature killed aboveground basal buds of
S. bracteolatus plants. Bud bank damage by fire reduces the

number and size of resprouts (Whelan 1995). Such bud damage
may explain shorter resprouts and high mortality recorded in
plants of S. bracteolatus burned with high temperature com-

pared with plants burned at low temperature.
Although we cut the plants in this study before burning them,

we think that burned whole plants would have similar time–

temperature curves. S. bracteolatus has a very open architecture
with low percentage of dry standing biomass (low dry : wet
biomass ratio; Gonzalez et al. 2010) and has many stems at the
base; these stems create dense fuel that burns slowly as was

observed in the time–temperature curve (Fig. 3a). In contrast,
wholeM. spinosum plants burned quickly, consuming all aerial
biomass (personal observation) as a consequence of the propor-

tion between oxygen and dry fuel that facilitates a fast combus-
tion (Ghermandi et al. 2004). We applied fire to obtain the
temperatures recorded in grassland fires. Cutting was used to

homogenise the biomass among plants and did not damage
the basal buds, thus our results were only the consequence of
the temperature treatments.

We found a relationship between plant volume and mortality

in unburned plants during the second post-fire growing season.
Senecio bracteolatus plants produced less biomass (see Table 2)
and had greater mortality than plants ofM. spinosum. Moreover,

we noticed that S. bracteolatus plants that had produced the
lowest biomass at the end of the first post-burn season, died in
the second growing season. Moreira et al. (2012) suggested that

the pre-disturbance condition of the plants (i.e. size and stored
resources) is related to the resprouting start, but resprouting
vigour determines the maintenance and survival of the plants.

Yahdjian et al. (2014) found that M. spinosum had higher leaf
nitrogen concentrations that S. filaginoides. Senecio filaginoides
is a similar native shrub that coexists and sometimes hybridises
with S. bracteolatus (Correa 1971; Tortosa and Bartoli 2008).

Thus, it is likely that M. spinosum has a greater ability to store
resources than S. bracteolatus and can use those resources to

Table 3. Mean ± standard error (SE) head number, seed number per plant and seed mass of Senecio bracteolatus in unburned (UNB), low- (LT)

and high-temperature (HT) fire treatments

Values with the same letter are not significantly different among treatments for each monitoring date (P. 0.05)

2009 2010

UNB LT HT UNB LT HT

Heads per plant 51� 19a 133� 42a 0 120� 49a 135� 28a 38� 26a

Seeds per plant 969� 354a 2527� 807a 0 2280� 923a 2571� 536a 713� 485a

Seed mass (mg) 0.59� 0.03a 0.75� 0.02b – 0.61� 0.02a 0.70� 0.03b 0.64� 0.02ab

Seed mass per plant (mg) 484.5 1895.2 – 1390.8 1799.7 456.3
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produce abundant resprouts, facilitating plant maintenance and
storage of new resources. The different ability to store and locate
resources could also explain the observed mortality in burned

plants of S. bracteolatus.
A remarkable finding was that low-temperature burns

increased seed production of S. bracteolatus plants (first grow-

ing season) compared with unburned plants. Profuse flowering
and abundant seed production has been recorded in post-fire
recovery and it has been associated with an increase of resources

(Whelan 1995; Parron and Hay 1997) or with smoke production
(Pausas 2012). Early and abundant seed production can increase
seedling recruitment by taking advantage of open space and low
competition (Bond and van Wilgen 1996). In plants burned at

high temperature, the reproduction was limited probably due to
reduction in meristematic tissues that originate from flowering
structures. Buds located at or near the soil surface probably died

during heat exposure, decreasing the meristem availability for
differentiation into reproductive or vegetative structures. In
contrast, M. spinosum plants did not produce seeds during the

first post-burn year; instead, they allocated most of their
resources to recover lost biomass. Such resprouting can delay
flowering and seed production until there is sufficient biomass

to support reproduction (Hoffmann 1998;Hoffmann and Solbrig
2003). Resource investment in profuse flowering may be
another reason for the mortality observed in burned and
unburned plants of S. bracteolatus.

Hot, dry weather in spring and summer (2008, 2009; Fig. 2)
decreased water availability and probably decreased post-fire
survival of S. bracteolatus plants. This species concentrates

roots in the top 40 cm of soil (personal obs.), the layer with more
water dynamics in Patagonian steppe (Cipriotti et al. 2008).
Senecio bracteolatus is probably intolerant to superficial soil

dryness and this physiological constraint could explain the plant
mortality of this species.

We found that seeds from burned plants of S. bracteolatus
were larger and had a higher percentage of germination than

seeds from unburned plants in the first post-burn growing
season. The variation in seed size is related to the environmental
conditions under which the plant grows (Valencia-Dı́az and

Montaña 2005). After disturbances such as fire, resource avail-
ability (space and light) increases, favouring the development of
larger seeds (Dyer 2002). Seed size has important ecological

implications for seed dispersion and germination, seedling
growth and survival (Harper et al. 1970; Venable and Brown
1988; Leishman et al. 2000). Several studies have shown that

during the establishment phase, seedlings from large seeds
tolerate disturbance (e.g. defoliation and drought) better than
do seedlings from small seeds (Keeley 1977; Leishman et al.

2000; Westoby et al. 2002). Seedlings from larger seeds are

competitively superior during the establishment phase, because
seed reserves allow them to develop a root system quickly
(Leishman 2001). Our study suggests that fire likely changed

seed and germination traits of S. bracteolatus shrubs.
Grassland fires are often ‘cold fires’ because fuel is quickly

consumed and fire does not stay long in the same place (Gibson

2009). The NWPatagonian grassland has evolved with fires with
these characteristics. The ENSO forecast for NWPatagonia is for
increased frequency of rainy springs in which biomass accumu-
lates, followedby dry andwarm summers inwhich biomass dries,

creating the potential conditions for more intense and severe fire
(Ghermandi et al. 2010). This change in fire regime will likely
affect some species more than others. Our results showed that

M. spinosum had high survival and resprouting capacity even
after high fire temperature. Thus, this species may be more
resilient to increases in fire intensity and could increase in

abundance. In contrast, S. bracteolatus may be more affected
by severe fires, especially when following by drought. If adult
plants die during or after fire, there is no local production of seeds.

Hence, this shrub will depend on seeds from unburned areas, and
local plant populations could be affected. However, changes in
other aspects of fire regime, such as frequency, should be studied
to fully understand the fire response of these shrub species.
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SanRamón.Comunicación técnicaN82,Recursos naturales-Relevamiento.

Proyecto Ludepa, Convenio INTA GTZ (Bariloche, Argentina).

Bellingham PJ, Sparrow AD (2000) Resprouting as a life-history strategy

in woody plant communities. Oikos 89, 409–416. doi:10.1034/J.1600-

0706.2000.890224.X

Bertiller MB, Bisigato A (1998) Vegetation dynamics under grazing

disturbance. The state-and-transition model for the Patagonian steppes.

Ecologı́a Austral 8, 191–199. Available at http://www.ecologiaaustral.

com.ar/files/8-2-9.pdf [Verified 8 April 2015]

Bond W, Midgley J (2001) Ecology of sprouting in woody plants: the

persistence niche. Trends in Ecology & Evolution 16(1), 45–51.

doi:10.1016/S0169-5347(00)02033-4

BondWJ, vanWilgen BW (Eds) (1996) ‘Fire and plants’. (Chapman&Hall

Publishing: London)

Bond WJ, Woodward FI, Midgley GF (2005) The global distribution of

ecosystems in a world without fire. New Phytologist 165(2), 525–538.

doi:10.1111/J.1469-8137.2004.01252.X

Borchert MI, Odion D (1995) Fire intensity and vegetation recovery in

chaparral: a review. In ‘Brushfires in CaliforniaWildlands: Ecology and

Resource Management’, 6–7 May 1994, Fairfield, WA. (Eds JE Keeley,

T Scott) International Association of Wildland Fire, pp. 91–100. (Fair-

field, WA)

Borghesio L (2009) Effects of fire on the vegetation of a lowland heathland

in North-western Italy. Plant Ecology 201(2), 723–731. doi:10.1007/

S11258-008-9459-1

Borza JK, Westerman PR, LiebmanM (2007) Comparing estimates of seed

viability in three foxtail (Setaria) species using the imbibed seed crush

test with and without additional tetrazolium testing. Weed Technology

21, 518–522. doi:10.1614/WT-06-110

CabreraAL(1971)Compositae. In ‘Florapatagónica, parte 7’. (Ed.MNCorrea)

(Acme: Buenos Aires)

Carrington ME (2010) Effects of soil temperature during fire on seed

survival in Florida Sand Pine Scrub. International Journal of Forestry

Research 10, 1–10.

816 Int. J. Wildland Fire S. L. Gonzalez et al.

http://por.agro.uba.ar/users/sala/pdfs/075-Aguiar.pdf
http://por.agro.uba.ar/users/sala/pdfs/075-Aguiar.pdf
http://www.ecologiaaustral.com.ar/files/8-2-9.pdf
http://www.ecologiaaustral.com.ar/files/8-2-9.pdf


Cavagnaro FP, Golluscio RA, Wassner DF, Ravetta DA (2003) Caracter-

ización quı́mica de arbustos patagónicos con diferente preferencia por

parte de los herbı́voros. Ecologı́a Austral 13, 215–222.

Choczynska J, Johnson EA (2009) A soil heat and water transfer model to

predict belowground grass rhizome bud death in a grass fire. Journal

of Vegetation Science 20, 277–287. doi:10.1111/J.1654-1103.2009.

05757.X

Cipriotti PA, Flombaum P, Sala OE, Aguiar MR (2008) Does drought

control emergence and survival of grass seedlings in semi-arid range-

lands? An example with a Patagonian species. Journal of Arid Environ-

ments 72(3), 162–174. doi:10.1016/J.JARIDENV.2007.06.012

Clarke PJ, Lawes MJ, Midgley JJ, Lamont B, Ojeda F, Burrows GE,

Enright NJ, KnoxKJE (2013) Resprouting as a key functional trait: how

buds, protection and resources drive persistence after fire. New Phytol-

ogist 197, 19–35. doi:10.1111/NPH.12001

Correa MN (Ed) (1971) ‘Flora patagónica’. (Colección Cientı́fica INTA:

Buenos Aires).

Cowan PD, Ackerly DD (2010) Post-fire regeneration strategies and

flammability traits of California chaparral shrubs. International Journal

of Wildland Fire 19(7), 984–989. doi:10.1071/WF09072

Cruz A, Moreno JM (2001) Seasonal course of total non-structural carbo-

hydrates in the lignotuberous Mediterranean-type shrub Erica australis.

Oecologia 128, 343–350. doi:10.1007/S004420100664

Damascos MA, Ghermandi L (2007) Morfologı́a del arbusto nativo Muli-

num spinosum en sectores quemados de pastizales del NO de la

Patagonia. Ecologı́a Austral 17, 143–150.

Drewa PB (2003) Effects of fire season and intensity on Prosopis glandu-

losa Torr.var. glandulosa. International Journal of Wildland Fire 12,

147–157. doi:10.1071/WF02021

Drewa P, Platt W, Moser B (2002) Fire effects on resprouting of shrubs

in headwaters of southeastern longleaf pine savannas. Ecology 83(3),

755–767. doi:10.1890/0012-9658(2002)083[0755:FEOROS]2.0.CO;2

Dyer A (2002) Burning and grazing management in a California grassland:

effect of bunchgrass seed viability.Restoration Ecology 10(1), 107–111.

doi:10.1046/J.1526-100X.2002.10111.X

Franzese J (2006) Dinámica post-fuego del arbusto nativo Senecio bracteo-

latus (Asteraceae) en los pastizales delNoroeste de la Patagonia. Tesis de

Licenciatura, UniversidadNacional del Comahue, Bariloche, Argentina.

Franzese J, Ghermandi L (2012) Effect of fire on recruitment of two

dominant perennial grasses with different palatability from semi-arid

grasslands of NW Patagonia (Argentina). Plant Ecology 213, 471–481.

doi:10.1007/S11258-011-9995-Y

Franzese J, Ghermandi L, Bran D (2009) Post-fire shrub recruitment in a

semi-arid grassland: the role of microsites. Journal of Vegetation

Science 20, 251–259. doi:10.1111/J.1654-1103.2009.05733.X
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