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Abstract

Since cerrado fires may impede the growth of seedlings into trees, they may shape the population of woody spe-
cies. In this study, we assessed the effects of a severe fire on the population structure and spatial distribution of 
Zanthoxylum rhoifolium, a widespread cerrado tree. We were interested to know the importance of the resprouting and 
sexual reproduction in regenerating the population. The study area had been for about six years protected from fire, 
before a severe fire at the end of the dry season in 2006. We sampled and measured all individuals of Z. rhoifolium 
found in 80 plots of 25 m2. We found 149 individuals before the fire and 112 after the fire, of which 77 were resprouts 
from burned seedlings and saplings. We did not find significant differences between the population structure before 
and after the fire. The spatial distribution of the population remained clumped after the fire. Thus, the Z. rhoifolium 
population was very resilient to a severe fire. We did not find any new seedlings. As a consequence, resprouting seems 
to be more important than sexual reproduction in promptly regenerating the Z. rhoifolium populations. 
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Efeitos do fogo na estrutura da população de  
Zanthoxylum rhoifolium Lam (Rutaceae) em uma savana brasileira

Resumo

Uma vez que as queimadas no cerrado podem impedir o crescimento de plântulas, elas podem moldar a população 
de espécies arbóreas. Neste estudo, avaliamos os efeitos de uma queimada severa na estrutura e na distribuição es-
pacial da população de Zanthoxylum rhoifolium, uma espécie de árvore comum no cerrado. O objetivo era saber a 
importância relativa do rebrotamento e da reprodução sexuada na regeneração da população. A área de estudo, há 
aproximadamente seis anos sem queimar, sofreu uma queimada severa no final da estação seca de 2006. Amostramos 
todos os indivíduos de Z. rhoifolium encontrados em 80 parcelas de 25 m2. Encontramos 149 indivíduos antes do fogo 
e 112 depois dele, dos quais 77 eram rebrotas de plântulas e jovens queimados. Não encontramos diferenças signifi-
cativas entre a estrutura da população antes e após o fogo. A distribuição espacial da população permaneceu agregada 
após a queimada. Portanto, a população de Z. rhoifolium foi resiliente ao fogo. Não foi encontrada nenhuma nova 
plântula. Consequentemente, o rebrotamento parece ser mais importante que a reprodução sexuada na regeneração 
imediata das populações de Z. rhoifolium. 

Palavras-chave: cerrado, distribuição espacial, rebrotamento, reprodução sexual, resiliência.

1. Introduction

In South America, the largest savanna re-
gion is the Brazilian cerrado (Gottsberger and 
Silberbauer-Gottsberger, 2006). Like its overseas savanna 
counterparts, cerrado vegetation is resilient to fire, with 
woody populations having well-developed capabilities 
of regenerating, either vegetatively or by seed (Coutinho, 
1990; Gottsberger and Silberbauer-Gottsberger, 2006). 
In addition, most tree species present strong suberiza-
tion of stems and/or subterranean meristems, which pro-

tect them from high temperatures. (Miranda et al., 1993; 
Moreira, 2000; Gottsberger and Silberbauer-Gottsberger, 
2006). Despite these adaptations, fire may kill seedlings 
and impede their growth into trees (Raw and Hay, 1985; 
Hoffmann, 1996). Consequently, it may shape the popu-
lation structure of woody species (Hoffmann, 1998). 

The spatial distribution of the individuals of a plant 
population is related to the spatial pattern of recruitment 
and the modification of this pattern by mortality factors, 
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such as fire, which differ in intensity from place to place 
(Hutchinson, 1997). The pattern of spatial distribution of 
species may be random, uniform, or clumped. Random 
distribution is rare in plant populations (Hutchinson, 
1997), however it may occur when the environment does 
not set the limit on the establishment and survival of 
the individuals (Hay et al., 2000). The uniform pattern 
is also uncommon and may arise when the intraspecific 
plant competition for space or resources sets the limit on 
the co-occurrence of the individuals (Hay et al., 2000). 
Conversely, the clumped pattern is frequent and wide-
spread in cerrado tree populations (Oliveira et al., 1989; 
San Jose et al., 1991; Hay et al., 2000). It is attributed 
either to patchiness of favorable soil conditions or to 
dispersal limitation (Condit et al., 2000). In savannas, 
the clumped pattern of plants could also be related to 
resprouting stimulated by constant environmental con-
straints, such as fire (San Jose et al., 1991). Thus, fire 
may increase the clumping of some woody cerrado 
populations (San Jose et al., 1991).

Little is known about how fire affects the establish-
ment of trees in cerrados. Hoffmann (1998) showed 
that fire tends to increase the importance of vegetative 
reproduction in comparison to sexual reproduction. 
Nevertheless, this still remains controversial, mainly 
because the strategies of only a few species have been 
studied until now. Oliveira and Silva (1993) demon-
strated that seeds of Kielmeyera ssp. germinated readily 
and had high survival rate in the cerrado after a burn-
ing. Likewise, García-Núñez et al. (2001), in an annu-
ally burned Venezuelan savanna, found a high propor-
tion of germinated seeds of Byrsonima crassifolia and 
Palicourea rigida, species that also occur in cerrado. 
Therefore, studies on the effects of fire on the popula-
tional biology of other cerrado species are necessary to 
understand the general cerrado resilience to fire. 

We investigated the effects of a severe anthropo-
genic fire on the population structure of Zanthoxylum 
rhoifolium Lam, a common tree in cerrado sites. We 
compared the density and the distribution of individuals 
in size classes before and after fire. We also evaluated the 
strategy for regenerating the population, by comparing 
the number of seedlings to resprouts. 

2. Material and Methods

2.1. Ecological data

We carried out this study in a cerrado site of about 
125 ha, classified as cerrado sensu stricto (a woodland) 
according to Coutinho (1990), in the Federal University of 
São Carlos, in the city of São Carlos, São Paulo state, south-
eastern Brazil (21° 58’ 22° 00’ S and 47° 51’- 47° 52’ W). 
Regional climate is warm temperate with wet summer 
and dry winter (Cwa; Köppen, 1948). Annual rainfall 
and mean annual temperature lie around 1340 mm and 
22 °C, respectively. The soil is dystrophic on a flat topog-
raphy and the water-table is reached at 10 m below the 

soil surface (Damascos et al., 2005). The area is crossed 
by firebreaks to prevent the spread of fire. The firebreaks 
are roads of about four meters wide without vegetation. 
In August 2006, an accidental anthropogenic fire burned 
the whole western portion of the cerrado site. The area 
had been unburned for approximately six years and much 
dry biomass had accumulated during those years. As a re-
sult, this anthropogenic fire was quite severe, burning the 
canopy of some trees and killing some adults.

Zanthoxylum rhoifolium Lam (Rutaceae) is a de-
ciduous tree species that grows up to 12 m tall. It is 
a common and widespread distributed tree in cer-
rado and forest areas in virtually all central and south 
Brazil (Das  Chagas  e  Silva and Soares-Silva, 2000; 
Oliveira-Filho et al., 2001; Neto et al., 2002; Bridgewater 
et al., 2004). The species is not shade-tolerant and is more 
frequently found in gaps and borders of forests. The fruit 
is a spherical capsule, black when ripe, about 5 mm in 
length and 5 mm in width. Seeds are small, about 3 mm 
long and 3 mm wide, with no aril, and with a hard coat 
(Silva and Paoli, 2000).

We systematically placed four transects from a fire-
break at 20 m from each other. In each transect, we estab-
lished successive 20 plots of 25 m2. In November 2005, 
we counted and analysed all individuals of Z. rhoifolium 
found in these 80 plots. We marked and measured the 
height and diameter at the soil level of all individuals 
sampled. In November 2006, in the middle of the rainy 
season and three months after the fire, we resurveyed the 
four transects and recounted and analysed all individu-
als again, measuring of their height and diameter at soil 
level. We also counted the new seedlings and resprouts. 
When resprouts were not evident, we dug around the in-
dividuals, generally small ones, searching for a remain-
ing burned stem or root.

2.2. Data analysis 

We tested whether the distribution of the number 
individuals per plot before and after the fire fit a nor-
mal distribution (D’Agostino test). Then, we compared 
the density of the population before the fire to the den-
sity after the fire, with the nonparametric Wilcoxon 
paired-sampled test. This test is recommended when 
samples are dependent (Zar, 1999). The data collected in 
2006 were strongly associated to data collected in 2005 
because we resampled the individuals at the same plots.

Then, we tested whether the distribution of the 
height and diameter values before and after the fire fit 
a normal distribution (D’Agostino test). We tested the 
correlation between height and diameter of the individu-
als sampled with the Spearman’s rank correlation (rs). 
Since we found a positive correlation between these two 
variables, we assessed the structure of the Z. rhoifolium 
population only with height measures. We compared 
the median height of the Z. rhoifolium population per 
transects before fire to the median height after fire, with 
the Wilcoxon paired sample test. 
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We analysed the distribution of individuals in height 
classes and the spatial distribution with three set of data:  
1) the individuals sampled before fire; 2) the individuals 
sampled after fire; and 3) the individuals sampled after 
fire without resprouts. We first grouped the individu-
als of these data sets in height classes. We established 
the number and the intervals of classes according to 
the Sturges’s (1926) rules. We computed the number of 
classes (K) as follows:

K  1  3.222 log N= + 	 (1)

where N is the n number of individuals sampled. We 
computed the interval of the classes (H) as follows:

H = A/K 	 (2)

where A is the amplitude of data (the highest minus the 
lowest value of  height and diameter). Then, we made 
pairwise comparisons of the three distributions of fre-
quency in height classes each other by a chi-square test 
(homogeneity analysis). 

To assess the spatial pattern of the population dis-
tribution before fire, after fire, and after fire without 
resprouts, we compared the observed distribution of 
frequency of individuals in the plots to that expected by 
the Poisson distribution (goodness of fit analysis). When 
the observed distribution did not differ from the Poisson 
distribution, the spatial distribution of the population is 
random. When the observed distributions were different, 
we estimated the Morisita’s (1962) dispersion coefficient 
(I

d
) as follows:

( )
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where n is the number of plots sampled and x
i
, the 

number of individuals in each plot. An I
d
 higher than 1 

indicates a clumped spatial distribution of population, 
whereas an I

d
 lower than 1, a uniform spatial distribution 

(Morisita, 1962). Finally, we compared the distribution 
of frequency of individuals in the plots before fire to the 
distribution after fire (homogeneity analysis).  

We conducted the statistical analyses with the 
BioEstat 3.0 computer package (Ayres et al., 2003).

3. Results

We found 149 individuals of Z. rhoifolium before 
the fire and 112 after the fire, of which 77 were direct 
resprouts from burnt saplings. We did not observe any 
new root sucker resprouts (a new stem originating from 
a root bud at some distance from the parent stem). The 
distribution of number of individuals per plot did not fit a 
normal distribution (D = 0.194, P < 0.01 and D = 0.223, 
P < 0.01 before and after the fire respectively). The den-
sity was not affected by the fire (T = 701.0, P = 0.898). 
The mean densities before and after the fire were respec-
tively 1.87 ± 3.53 and 1.53 ± 2.40 individuals per plot 

(mean and standard deviations). We did not find any new 
seedlings after the fire.

The distribution of height and diameter values did 
not fit a normal distribution (D = 0.216, P < 0.01 and 
D = 0.210, P < 0.01 for height and diameter before the 
fire, and D = 0.210, P < 0.01 and D = 0.204, P < 0.01 
for height and diameter after the fire respectively). The 
height of the individuals was positively correlated with 
the diameter (r

s
 = 0.829, t = 18.033, P < 0.001 for individ-

uals before the fire and r
s
 = 0.713, t = 10.534, P < 0.001 

for individuals after the fire). The median heights of the 
Z. rhoifolium population before and after the fire were 
respectively 20.0 ± 0.16 cm and 10.0 ± 0.08 cm (me-
dian and quartile). The median height after the fire was 
significantly lower than before the fire (Z  =  –1.826, 
P = 0.049).

We grouped the individuals in eight height classes 
with an interval of 60 cm (Figure 1). We did not find 
significant differences between the distributions of 
individuals in height classes before and after the fire 
(Figure 1; x2 = 17.41, P = 0.201). However, after the fire, 
the individuals found in the first height class were ei-
ther resprouts from burned saplings or unburned already 
marked saplings. As a consequence, when we compared 
the distributions of individuals before and after the fire to 
the distribution after the fire without those resprouts, we 
found a significant decrease in the number of individuals 
in the first height class (Figure 1; x2 = 34.89, P < 0.001 
and x2 = 23.09, P = 0.002 respectively). Therefore, fire 
affected mainly groups of small sized plants.

The Z. rhoifolium population before and after fire 
presented a clumped spatial pattern (x2 = 27.02, d.f. = 5, 
P < 0.005, I

d
 = 3.99 and x2 = 20.30, d.f. = 5, P < 0.005, 

I
d
 = 2.81 respectively). The clumping of the population 

after fire was not significantly different from the popula-
tion before fire (x2 = 5.68, d.f. = 5, P = 0.338). However, 
the spatial distribution of the population after fire without 
resprouts was indistinguishable from random (x2 = 3.16, 
d.f. = 5, P = 0.206). Thus, resprouting is quite important 
in promptly regenerating the Z. rhoifolium population. 

4. Discussion

Since cerrado fires may impede the growth of seed-
lings into trees (Raw and Hay, 1985; Hoffmann 1996, 
Hoffmann and Moreira, 2002), they may shape the pop-
ulation structure and spatial distribution of woody spe-
cies. In this study, we assessed the effects of a severe 
fire on the population structure and spatial distribution of 
Z. rhoifolium, a widespread cerrado tree. We found that, 
in general, fire did not modify the population structure of 
Z. rhoifolium and that resprouting was more important 
than sexual reproduction in regenerating promptly the 
population after fire.

Fire is expected to remove mainly the seedlings 
and saplings and to increase the median height of the 
population as a result (Hoffmann and Solbrig, 2003). 
For example, Raw and Hay (1985) demonstrated that 
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Simarouba  amara, a common cerrado tree, requires at 
least 10 years of growth before developing morphologi-
cal immunity to fire. Consequently, juveniles are more 
susceptible to fire than adults. On the contrary, our 
analysis showed both a great number of resprouts from 
seedlings and a reduction of the median height of the 
Z.  rhoifolium population after fire. This reduction may 
have occurred due to the overall great number of indi-
viduals resprouting, which did not have enough time to 
attain the immunity size before fire. Hence, our results 
support the well-corroborated hypothesis that fires open 
cerrado physiognomy (Coutinho, 1990), reducing the 
height of woody species (Moreira, 2000). 

A common phenomenon to fire-induced plant com-
munities is the flush of germination and growth of 
seedlings after fire (for chaparral see Tyler 1995). For 
some cerrado tree species, sexual reproduction after 
fire plays a major role in regenerating the populations  
(Oliveira and Silva, 1993; García-Núñez et al., 2001). 
However, we did not observe any seedling after fire, 
but many resprouts from saplings. Xavier et al. (2007) 
accompanied the germination from the seed bank in 
our study area and did not observe any seedlings of 
Z.  rhoifolium. Thus, resprouting seems to be more im-
portant than sexual reproduction in promptly regenerat-
ing the Z. rhoiflium populations after fire. Studies should 
be performed to evaluate if seedling establishment may 
improve by the second year following the fire event, as 
occurred in some cerrado species (Hoffmann, 1996).

In general, cerrado species present a high capac-
ity to resprout because of greater investment in total 
below-ground biomass (Hoffmann and Moreira, 2002). 
Hoffmann and Franco (2003), for example, found that 
the root-shoot ratio of savanna species averaged 82% 
greater than forest species. Thus, the great number of 
saplings resprouting after fire indicates that Z. rhoifolium 
accumulates enough underground reserves to resist fire 
early in the ontogenetic development. Although fire af-
fects mainly early age groups (Raw and Hay, 1985), 
this adaptation suggests that general size structure of  
Z. rhoifolium is only slightly affected as most of the sap-
lings do not die, but resprout after fire. 

The spatial distribution of Z. rhoifolium individuals 
remained clumped after the fire because of resprouting. 
The clumped spatial pattern has already been observed 
in other species of cerrado (Oliveira et al., 1989) and 
savannas (Greig-Smith, 1991; San Jose et al., 1991). In 
some other savanna species, severe fires removed main-
ly the seedlings, promoting a decrease in the clumping 
of the populations (Greig-Smith, 1991). However, our 
results indicate that a single severe fire did not change 
the clumping of the Z. rhoifolium population, even 
though it removed some saplings and adults. In savan-
nas, clumping has been associated with the distribution 
of suitable soil characteristics in patches and fire occur-
rence (Greig-Smith, 1991). Fire, in this case, may pro-
mote resprouting of many root suckers (San Jose et al., 
1991). On the contrary, we did not observe any root 

Figure 1. Distribution of Zanthoxylum rhoifolium Lam individuals in height classes (60 cm) in a southeastern cerrado site 
(São Carlos, SP, Brazil) before and after a severe anthropogenic fire in August 2006. Values on the abscissa are means of the 
height classes.
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sucker. All resprouts were direct resprouts from sap-
lings. Thus, the clumped spatial pattern found after fire 
was a direct consequence of the clumped spatial pattern 
before fire rather than an effect of the resprouting. This 
pattern may be related to the distribution of suitable soil 
characteristics.

In conclusion, Z. rhoifolium is very resilient to fire 
and resprouting seems to be the more important proc-
ess in regenerating promptly the population after fire. 
As sexual reproduction is fundamental in regenerating 
the population of other species, both ecological strate-
gies may be important in cerrado. Future studies should 
be performed to evaluate the relative importance of each 
strategy for the cerrado community.
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