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ABSTRACT
 Post-fi re response by vegetation may refl ect the severity of the damage suff ered, but we still know little about the 
species-specifi c nature of responses to fi re or their predictors. Here, we evaluated 26 woody species before and after 
a fi re event in an Cerrado sensu stricto area (typical Brazilian savanna-type) in order to evaluate mortality rates and 
the type of resprouting (epigeal, hypogeal or epigeal + hypogeal). We evaluated the relative importance of stem 
diameter, height, and bark thickness as predictors of the type of post-fi re resprouting, using a sequential logistic 
regression model (SLRM). Mortality was 4 %, while epigeal resprouting was recorded in 57 % of the individuals, 
hypogeal resprouting was recorded in 24 %, and epigeal + hypogeal resprouting in 15 %. Our SLRM analysis indicated 
that bark thickness, followed by stem diameter, were the best predictors of the type of resprouting. Th ere was a 
greater than 60 % probability that individuals with bark thicker than 1.6 cm resprouted only epigeally. Our results 
confi rm the resistance (low mortality) and resilience (high resprouting capacity) of the woody vegetation of the 
Cerrado sensu stricto to fi re, and that thick bark is an eff ective protection against fi re damage.

Keywords: bark thickness, Cerrado sensu stricto, disturbance, fi re, resilience

Introduction
Fire is an important modeling agent of the vegetation 

of savanna formations (Bowman et al. 2009; Lehmann et 
al. 2014). As a selective pressure, fi re favors the evolution 
of species with morphological adaptations that confer 
resistance to fi re and/or the ability to recover (resilience), 
which ensure that individuals are more likely to survive 
(Hoff mann et al. 2009; Keeley et al. 2011; Dantas & Pausas 
2013). Th ese adaptations include a thick and corticated 
rhytidome, which provides the vascular cambium with 
greater thermal protection (Miranda et al. 2002; Dantas & 
Pausas 2013; Pausas 2014), and protects the meristematic 

tissues that enable the plant to resprouts in response to 
a fi re event (Clarke et al. 2013; Charles-Dominique et al. 
2015). Other adaptations include a greater investment 
in root biomass (Hoff mann & Franco 2003; Oliveira et al. 
2005; Charles-Dominique et al. 2015) and an increased 
capacity for the underground storage of carbohydrates 
(Miranda et al. 2002; Hoff mann et al. 2004; Clarke et al. 
2013), which provide the energetic resources for post-fi re 
recovery (Clarke et al. 2013).

In spite of these adaptations, a fi re event always results 
in some damage to the trees, ranging from the loss of 
leaves, resulting from exposure to hot air, to the death of 
the individual (Bond & Midgley 2001; Miranda et al. 2009). 
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In general, the post-fire resprouting response will depend 
on the part of the plant that survives the fire (Clarke et al. 
2013). For the assessment of post-fire resprouting, then, the 
severity of fire damage to a tree can be classified as: (a) slight, 
when resprouting occurs exclusively in the crown (epigeal); 
(b) moderate, when simultaneous resprouting occurs in the 
crown and base of the tree (epigeal + hypogeal); (c) severe, 
when topkilling occurs, and resprouting is observed only 
at the base of the stem (hypogeal); and (d) permanent, 
when death occurs (Medeiros & Miranda 2008; Moreira 
et al. 2008). Less severe fire damage has been observed in 
species with thicker bark (Hoffmann et al. 2009; Moreira 
et al. 2007) and larger-sized (in terms of height and stem 
diameter) individuals (Coutinho 1990; Mistry 1998; Sato 
et al. 2010; Ribeiro et al. 2012). Less intense fires are also 
associated with reduced fire damage (Hoffmann & Solbrig 
2003; Cirne & Miranda 2008; Hoffmann et al. 2009).

While a number of studies have focused on the effects of 
fire on the vegetation of the Brazilian savanna (Hoffmann & 
Solbrig 2003; Medeiros & Miranda 2005; 2008; Sartorelli et al. 
2007; Vale & Lopes 2010), few insights have been provided into 
the post-fire resprouting strategies of the woody vegetation 
(Coutinho 1990; Medeiros & Miranda 2005; Hoffmann et al. 
2009; Ribeiro et al. 2012). We still know little about the intrinsic 
response of each species and the morphological features that 
best account for the differences among species in the type of 
post-fire resprouting. Given this, we quantified tree mortality 
and the three different types of resprouting (epigeal, hypogeal 
and epigeal + hypogeal) in native woody species in an area of 
Cerrado sensu stricto before and after a non-prescribed fire 
event.

Materials and methods

Study area

The study was conducted in the Bacaba Municipal Park 
(14°41’09”S, 52°20’09”W), a protected area of nearly 500 ha 
located in Nova Xavantina, in eastern Mato Grosso state, 
Brazil. The predominant vegetation physiognomy found in 
the park is the Cerrado sensu stricto (Marimon-Junior & 
Haridasan 2005), the typical savanna vegetation in Brazil 
(Ribeiro & Walter 2008). The climate is Aw in Köppen’s 
classification system, with dry winters between April and 
September, and rainy summers between October and March 
(Silva et al. 2008). The soils are predominantly dystrophic, 
alic, deep, well drained and with medium granulation 
(RADAMBRASIL 1981), with a low pH (< 5), low calcium 
and magnesium concentrations, but high concentrations 
of exchangeable aluminum (Marimon-Junior & Haridasan 
2005).

Bacaba Municipal Park had been protected from fire 
for more than five years when, on September 9th 2008, fire 
consumed 95 % of its total area. The fire started outside 

the park, and encroached its area at around 13:00 h, with 
flames of up to 5 m in height, which reached the crowns 
of most trees (Silvério et al. 2015). At this time, relative 
humidity in the park was 41 %, air temperature was 29 °C 
(17–40 °C), and mean wind speed was 21 km/h (INMET 
83319–MT). For the present study, we selected two adjacent 
sites representing the same vegetation type (Cerrado sensu 
stricto): (i) the burned site (BS), representing the vegetation 
affected by the fire, with a total area of nearly 2.5 ha, and (ii) 
the unburned site (US), with an area of nearly one hectare.

Study species

We studied 26 woody species in the BS and a subset of 
12 of these species in the US (see, Tab. 1). These species 
belong to 15 families and together represent 62.5 % of 
the community Importance Value (Gomes et al. 2011). 
Four months before the fire event, we selected the study 
individuals at the BS site, and a few days after the fire, in 
September 2008, we selected the individuals at the US site. 
We selected individuals for study based on three criteria: (1) 
individuals with evidences of reproductive organs (flower, 
fruits) and a stem diameter (30 cm above the ground) of 
at least 2 cm (SD30cm ≥ 2 cm); (2) a minimum distance of 10 
m between individuals of the same species (to guarantee 
independence between individuals), and (3) good crown 
condition (leaves on all the branches) and no basal resprouts 
or fire scars. All the individuals selected for sampling were 
marked with numbered aluminum tags (attached to the 
stem by wire).

Data collection

Five months after the fire, in February 2009, we 
measured the height and SD30cm of the main stem of each 
plant found within each study area, and in the BS, we 
recorded the type of resprouting (classified as epigeal, 
hypogeal, epigeal + hypogeal) or mortality, and noted 
any evidence of resprouting in the individuals located 
within the US (Tab. 2). The response of the individuals 
to fire damage was also classified during the second 
assessment, in December 2010, 26 months after the 
fire (Fig. 1). During the third assessment, in January 
2014, 64 months after the fire, we also recorded the 
mortality of the main stem in individuals located in 
the BS and US.

We measured the height of all individuals and the 
SD30cm of the main stem during all assessments (Felfili et 
al. 2005). Our height measurements however, are probably 
biased for some individuals of Davilla elliptica, which were 
strongly inclined. The length, rather than the height, was 
measured in this case. We also measured the thickness of 
the bark of a sample of 10–13 individuals per species using 
a 10-301-1002 model Haglöf Barktax bark gauge, which is 
designed to measure bark thickness directly. Bark thickness 
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Table 1. Number of individuals sampled on the burned (BS) and unburned site (UB) at the Bacaba Municipal Park, Mato Grosso, Brazil, types of res-
ponse to fire of woody species in the BS (Re = epigeal resprouting; Reh = epigeal + hypogeal resprouting; Rh = hypogeal resprouting; Td = dead trees), 
and average ± standard deviation for the three variables used as predictor of type of post-fire response (tree height in meter, stem diameter and bark 
thickness in centimeter). Nbt = number of individuals for which bark thickness was measured.

Species Families

Number of 
individuals

Types of response
 to fire in the BS Tree height Stem diameter Nbt Bark  

thickness
BS US Re Reh Rh Td

Anacardium occidentale Anacardiaceae 12 0 11 1 5.28±1.24 18.23±4.71 10 1.56±0.37
Antonia ovata Loganiaceae 12 0 12 3.39±0.57   2.48±0.45 13 0.25±0.11
Aspidosperma macrocarpon Apocynaceae 12 0 11 1 5.19±0.78 13.06±3.89 10 1.59±0.29
Aspidosperma tomentosum Apocynaceae 12 0 11 1 4.44±0.67   9.87±2.10 10 1.40±0.32
Byrsonima coccolobifolia Malpighiaceae 23 12 16 4 2 1 4.77±1.08 10.35±3.13 10 1.27±0.21
Byrsonima pachyphylla Malpighiaceae 24 12 20 2 1 1 2.84±0.46   6.63±1.52 10 0.95±0.32
Davilla elliptica Dilleniaceae 28 12 7 15 4 2 2.99±0.62   7.72±2.62 10 1.18±0.22
Dipteryx alata Fabaceae 12 0 12 8.20±1.59 27.34±7.31 10 1.45±0.50
Erythroxylum suberosum Erythroxylaceae 24 0 7 3 14 2.43±0.76   5.25±2.03 11 1.33±0.23
Eugenia aurata Myrtaceae 21 6 15 4 2 3.22±0.76   8.07±1.90 12 1.59±0.24
Heteropterys byrsonimifolia Malpighiaceae 12 0 8 3 1 4.00±0.80 11.37±4.69 10 1.07±0.22
Himatanthus obovatus Apocynaceae 20 0 5 1 14 2.66±0.82   4.04±2.22 11 0.92±0.25
Kielmeyera rubriflora Calophyllaceae 24 12 15 6 2 1 4.03±0.79   9.73±3.84 11 1.54±0.42
Lafoensia pacari Lythraceae 24 0 11 6 7 4.25±1.10   8.99±2.90 10 1.06±0.25
Myrcia lanuginose Myrtaceae 12 13 1 1 10 2.73±0.57   5.87±1.72 10 1.10±0.24
Ouratea hexasperma Ochnaceae 12 12 10 2 3.41±0.51   9.83±1.82 10 1.47±0.25
Ouratea spectabilis Ochnaceae 24 12 9 5 7 3 4.51±0.95 10.75±3.03 13 1.68±0.41
Pseudobombax longiflorum Malvaceae 24 0 16 1 5 2 3.38±0.76 10.26±2.42 12 1.29±0.47
Qualea grandiflora Vochysiaceae 23 12 11 7 5 4.53±1.01 11.36±4.13 10 1.65±0.32
Qualea multiflora Vochysiaceae 23 12 11 6 5 1 3.78±0.75   8.54±2.23 11 0.95±0.13
Qualea parviflora Vochysiaceae 24 12 20 2 2 5.31±0.96 12.76±2.77 10 1.32±0.20
Roupala montana Proteaceae 12 12 3 9 4.71±2.15   8.44±4.86 10 1.33±0.18
Salvertia convallariodora Vochysiaceae 12 0 12 4.54±0.73 12.52±1.60 11 2.11±0.34
Tachigali aurea Fabaceae 24 0 18 2 4 5.66±0.94 11.97±2.82 10 1.42±0.34
Tocoyena formosa Rubiaceae 23 0 6 5 12 2.27±0.76   3.59±1.27 11 0.63±0.13
Vatairea macrocarpa Fabaceae 12 0 10 2 6.52±0.96 17.63±5.28 10 1.48±0.35
Grand total 15 485 139 276 75 115 19 4.00±1.48 10.00±5.00 276 1.0±0.47

Table 2. Parameters of the logistic model’s selection to assess the importance of variables included in the general model and the response probability 
of woody individuals to the occurrence of fire at the Bacaba Municipal Park, Mato Grosso, Brazil.

N Height Bark thickness SD30cm Bark:SD df logLik AICc Delta
1 3.170 0.511 -0.319 6 -488.509 989.195 0.000
2 -0.090 3.177 0.534 -0.320 7 -488.190 990.617 1.422
3 0.860 0.067 5 -501.038 1012.202 23.006
4 -0.098 0.850 0.090 6 -500.639 1013.455 24.259
5 0.090 4 -505.202 1018.488 29.292
6 0.157 1.090 5 -504.666 1019.459 30.263
7 -0.110 0.116 5 -504.699 1019.523 30.328
8 1.356 4 -511.484 1031.051 41.855
9 0.239 4 -511.909 1031.902 42.706

10 3 -524.429 1054.907 65.712

N = model number; SD30cm = stem diameter at 30 cm above soil; Bark:SD = ratio between bark thickness and the interaction with SD30cm; df = degree 
of freedom; logLik = logarithm of maximum likelihood; AICc = corrected Akaike information criterion; delta = delta of AICc, which is the difference 
between the AIC of the model 1 and the current model.

was measured four years after the fire event, and to avoid 
damaging the sample individuals, we selected individuals for 
measurement different from those used for the assessment 
of sprouting and mortality. We used these measurements to 
calculate the mean bark thickness per species (Tabs. 1, 2).

Data analysis
To assess general patterns of response to fire, we 

calculated the percentage of individuals of each species 
presenting each type of resprouting. We used a Pearson 
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correlation analysis and a sequential logistic regression 
model to assess the influence of structural parameters 
on the type of resprouting. We first evaluated the degree 
of association between the percentage of individuals per 
species with basal sprouting (epigeal and epigeal + hypogeal 
groups) and mean bark thickness, stem diameter, and height 
(Fig. 2), using the Pearson correlation test (Zar 2010). 
We then applied a sequential logistic regression model to 
estimate the probability of a given type of resprouting as 
a function of: a) each tree height; b) each stem diameter 
(SD30cm); and c) average bark thickness by specie. Initially, 
we used the general model with the three variables, and we 
then assessed the contribution of each variable by comparing 
the models from which one of the variables was excluded. 
The best model was selected on the basis of the lowest 
Akaike Information Criterion score (Zuur et al. 2009). All 
analyses were run in the R software (R Core Team 2016).

Results

Types of response to fire

Epigeal resprouts were the most common response to 
fire damage (57 % of individuals), followed by hypogeal 
resprouting (24 % of individuals), and then epigeal + 
hypogeal resprouting (15 %), while tree mortality was 4 % 
(Tab. 1). At a species level, however, more than one type of 
resprouting was recorded in most cases. For example, both 
epigeal and hypogeal resprouts were recorded in 73 % of 

the study species, and all three types of resprouting were 
recorded in half (50 %) of the species. At one extreme, in 
the case of Dypterix alata and Salvertia convallariodora, for 
example, all (100 %) individuals presented epigeal resprouts, 
while at the opposite extreme, all three types of resprouting 
were recorded in Byrsonima coccolobifolia, Dipteryx elliptica, 
and Ouratea spectabilis. In the case of the 12 species studied 
in the US during the same period, no individuals presented 
basal resprouting, and tree mortality was just 2 %.

Variables related to the type of response to fire

The type of response of the species to fire was associated 
strongly with bark thickness, and there was a significant 
negative correlation (r = −0.72; t = 5.14; p < 0.01) between 
the percentage of individuals of a species with a hypogeal 
response and its mean bark thickness (Fig. 2A). Similar 
patterns were recorded for stem diameter, i.e., the greater 
the SD30cm, the smaller the number of basal sprouts (r = 
−0.68; t = 4.60; p < 0.01: Fig. 2B), and height (r = −0.58; t 
= 3.56; p < 0.01: Fig. 2C). The mean bark thickness of the 
different species also correlated significantly with their 
mean stem diameter (r = 0.64; t = 4.11; p < 0.05) and height 
(r = 0.45; t = 2.47; p < 0.05).

The best predictive model of the response of the 
woody plants to fire damage was the one that included 
bark thickness and stem diameter (Tab. 2). This model 
indicated a significant contribution of bark thickness and 
stem diameter to the determination of the specific type of 

Table 3. Statistical summary of the variables that made up the best probability descriptor model of woody individuals being affected 
by fire at the Bacaba Municipal Park, Mato Grosso, Brazil.

Variables Model coefficient Standard error T p
Bark thickness (cm) 3.17 0.599 5.295 <0.001
Stem diameter (cm) 0.511 0.095 5.385 <0.001

Bark thickness (cm): Stem diameter (cm) -0.319 0.067 -4.786 <0.001
Hypogeal resprouting | Total mortality 3.528 0.766 4.604 <0.001

Total mortality | Epigeal resprouting 3.795 0.77 4.927 <0.001
Epigeal resprouting | Epigeal + hypogeal resprouting 6.677 0.8 8.343 <0.001

Figure 1. Types of response observed in woody individuals of the Brazilian Cerrado sensu stricto following a fire event (adapted from 
Moreira et al. 2008).
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resprouting (Tab. 3). The pairwise comparisons between 
resprouts types indicated significant differences in all cases 
(Tab. 3). Analyzed on its own, height correlated significantly 
with the type of response, but did not contribute to any 
improvement in the adjustment of the model, so it was 
excluded from the final model (Tab. 3).

In the predictive model, we observed little variation in 
the type of response in individuals with thick bark (≥1.6 
cm), with a 60 % probability of an epigeal response, even in 
the individuals with a smaller stem diameter (Fig. 3). There 
was much greater variation in individuals with thin bark (≤1 
cm), however, with an increased probability of an epigeal 
+ hypogeal response in individuals with a stem diameter 
of more than 20 cm. There was also a 20 % decrease in the 
probability of a hypogeal response in individuals of species 
with thick bark (Fig. 3).

Some species exemplify these patterns clearly (Tab. 1). 
All the individuals of the species Dipteryx alata (mean stem 
diameter = 27.33±7.30 cm) and Salvertia convallariodora 
(mean bark thickness = 2.10±0.33 cm) presented only 
epigeal resprouting. By contrast, Antonia ovata, which 
had the thinnest bark of all the study species (mean bark 
thickness = 0.25±0.11 cm) presented only a hypogeal 
response (top-kill in all individuals).

Discussion
The severity of the fire damage caused to the woody 

vegetation observed in this study can be classified as 
moderate to low based the high percentage of epigeal or 
epigeal + hypogeal resprouting (72 %), the lower hypogeal 
response (24 %), and the low mortality rate (4 %). Basal 
resprouting appears to be more frequent in areas with 

Figure 2. Percentage of the individuals of each species with basal 
sprouting as a function of (A) bark thickness average, (B) stem 
diameter average (30 cm above the ground), and (C) tree height 
average by specie, in the Bacaba Municipal Park, Mato Grosso, 
Brazil.

Figure 3. Influence of bark thickness and basal stem diameter (SD30cm) on the probability of different types of response to fire damage 
in native woody species in the Bacaba Municipal Park, Mato Grosso, Brazil.
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a higher frequency of disturbance by fire (Bellingham et 
al. 2000). In the Brazilian savanna, however, different 
vegetation types present considerable variation in their 
response to fire damage. In a study of the Cerrado sensu 
stricto in Mato Grosso, for example, Ribeiro et al. (2012) 
found epigeal response rates of between 85 % and 91 % in 
woody plants following fire events. By contrast, in a study 
of the effects of fires set in a Campo sujo (scrub grassland) 
physiognomy in the Brazilian Federal District, Medeiros & 
Miranda (2008) recorded a 36 % epigeal response rate, a 31 % 
hypogeal rate, and an 11 % epigeal + hypogeal rate, with a 
22 % mortality rate (we have adapted the categories used by 
these authors to correspond to the response categories used 
in the present study). This difference in comparison with 
the results of the present study may be related to contrasts 
in the composition and structure of the vegetation, and 
in the intensity of the fire. The authors sampled all stems 
with a stem diameter of more than 2 cm, which included 
many shrubs found in the undergrowth under the trees. The 
Campo sujo also has a continuous grass stratum (Ribeiro & 
Walter 2008), which may contribute to an increase in the 
intensity of fires.

Despite this variation among physiognomies in 
the response to fire damage, comparisons among sites 
indicate that species tend to present similar patterns of 
response, even in different regions (Hoffmann & Solbrig 
2003; Miranda & Sato 2005). In Campo sujo for example, 
Medeiros & Miranda (2008) assessed the response to fire 
in nine of the species investigated in the present study. 
In seven of these species (D. elliptica, O. hexasperma, Q. 
grandiflora, Q. parviflora, B. coccolobifolia, B. pachyphylla and 
H. byrsonimifolia), more than 50 % of individuals presented 
an epigeal or epigeal + hypogeal response in both studies. 
Similarly, more than 70 % of the R. montana in both studies 
presented a hypogeal response or mortality. Only in the 
case of E. suberosum were more pronounced differences 
found between studies. In the present study, 58 % of the 
individuals of this species presented hypogeal resprouting, 
as against only 22 % in the study of Medeiros & Miranda 
(2008). These comparisons indicate that the specific 
adaptations of a species are the principal determinants 
of their capacity to respond to fire damage, irrespective of 
differences in the location of individuals, the physiognomies 
they inhabit or the intensity of the fire.

Bark thickness and stem diameter were the most 
important determinants of the type of response of an 
individual to fire damage. Bark thickness was the most 
important factor, as observed in previous studies, which 
indicate that savanna vegetation impacted frequently by 
fires tends to select species with thicker bark (Dantas & 
Pausas 2013). The thickness of the bark determines its 
capacity for thermal insulation, which protects vital stem 
tissues from flames and high temperatures (Hoffmann & 

Solbrig 2003; Miranda & Sato 2005; Pausas 2014). During 
fires, individuals with thinner bark are more vulnerable 
to damage to the phloem, leading to a reduction in the 
efficiency of sap flow, which impacts the growth of the 
tree and will eventually provoke its death (Taiz & Zeiger 
2004). Thick bark may thus be vital to the survival of trees 
in Brazilian savannas subject to frequent fire damage 
(Miranda et al. 2010; Pausas 2014), which will, in turn, 
determine the structure and species composition of local 
plant communities (Moreira et al. 2008).

A number of previous studies have also identified tree 
height as an important determinant of the type of response 
of trees to fire damage in Brazilian savannas, this study 
contradicts previous studies. For example, Medeiros & 
Miranda (2005) concluded that tree height is an important 
predictor of the severity of fire damage, with individuals 
shorter than 1.5 m being more prone to top-kill, and having 
only hypogeal resprouts. Miranda et al. (1993) also defined 
a height of 0.6 m as the minimum necessary to guarantee 
survival of a fire. By contrast, the findings of our study 
indicated that bark thickness and stem diameter were the 
principal predictors of the type of resprouting, and that 
the inclusion of tree height in the analysis did not increase 
its predictive power. Similar findings have been obtained 
in comparative studies of the fire survival strategies of 
the vegetation of African and South American savannas 
(Dantas & Pausas 2013; Pausas 2014). Lawes & Clarke 
(2011) for example, showed that tree survival was correlated 
exclusively with bark thickness, rather than stem height or 
diameter. In this case, tree height may only have an indirect 
influence on the type of response to fire damage, through 
its positive relationship with other variables, such as bark 
thickness and stem diameter.

Conclusions

In the present study of the Cerrado sensu stricto, the fire 
damage was relatively mild, considering the low mortality 
and high rates of epigeal resprouting. Comparing these 
results with previous studies, we observed considerable 
variation in the contribution of the different patterns of 
resprouting in the various types of vegetation found in 
the Brazilian savanna. Even so, species tend to present 
a standard response to fire damage, irrespective of the 
environment or possible difference in the fire intensity. The 
thickness of the bark is the most important determinant 
of the type of response of a woody plant to fire damage. 
This means that species with thick bark may present similar 
resprouting patterns, whatever the vegetation type. By 
improving the knowledge of how tree species are adapted 
to fire, our results contribute to improve assessments of 
vulnerability of the Cerrado vegetation to this disturbance 
and to better predict the impact of changes in the fire regime.
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