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FlorisTiC CoMposiTion And sTruCTure oF A 
TropiCAl dry ForesT AT diFFerenT 

suCCessionAl sTAGes in The espinhAço 
MounTAins, souTheAsTern BrAzil

MArCel s. Coelho, eMMAnuel d. AlMAdA, André V. QuinTino,
GerAldo w. FernAndes, ruBens M. sAnTos, G. ArTuro sÁnChez-AzoFeiFA

and MÁrio M. d. espíriTo sAnTo

ropical dry forests (TDFs) 
are characterized by the 
occurrence of plants that 

lose at least 50% of their leaves during a 
prolonged dry season (Sánchez-Azofeifa et 

0378-1844/12/03/190-07 $ 3.00/0

al., 2005a, b). These forests originally rep-
resented about 42% of tropical forests 
(Murphy and Lugo, 1986) and are amongst 
the most threatened ecosystems worldwide 
(Janzen, 1988; Miles et al., 2006; Portillo-

Quintero and Sánchez-Azofeifa et al., 2010). 
In spite of their high biodiversity, few eco-
logical studies have been carried out in 
TDFs as compared to wet forests (Sán-
chez-Azofeifa, 2005a, b; Quesada et al., 

SUMMARY

The floristic composition and structure of intermediate and late 
successional stages of a tropical dry forest (TDF) growing on lime-
stone outcrops, situated in the southern portion of the Espinhaço 
Mountains, Southeastern Brazil, was studied. In each fragment, 
three plots of 20×50m were delimited, totaling 0.3ha for each suc-
cessional stage. In each plot, all trees with a diameter at breast 
height (DBH) >5cm were sampled and identified. Standard phyto-so-
ciological parameters were calculated and compared between stag-
es. The most representative families in the two successional stages 
were Fabaceae, Apocynaceae and Malvaceae, but species composi-
tion differed between intermediate and late stages: species with high-
est importance value in the former were Myracrodruon urundeuva, 
Rauwolfia sellowii and Inga platyptera, whereas Anadenanthera 
colubrina, Myracrodruon urundeuva and Bauhinia brevipes predomi-

nated in the latter. The main parameters measured varied with the 
successional stage. In the intermediate stage, the structural parame-
ters were: basal area 17.8m2·h-1, density 1076 individuals/ha, average 
height 6.30m, species richness 23, while community indexes were 
Shannon-Winner biodiversity 1.51 and Pielou evenness 0.48. For the 
late succession stage, the structural parameters were: basal area 
29.3m2·h-1, density 1226 individuals/ha, average height 7.7m and spe-
cies richness 38; community indexes were Shannon-Winner’s diver-
sity 2.38 and Pielou’s evenness 0.64. Due to the marked isolation, 
this TDF has a unique floristic composition. Results demonstrated 
important changes in floristic composition and structure along two 
successional stages, contributing to ecological process understand-
ing. The limited knowledge about this rich ecosystem was expanded 
and the urgent need for its preservation is reinforced.
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2009). Thus, urgent research and conser-
vation efforts should be made to avoid 
massive losses of biodiversity and ecosys-
tem services in these ecosystems. TDFs 
usually grow on fertile soils and are pre-
ferred for agriculture and extensive cattle 
ranching activities for this reason; it is es-
timated that 66% of the deciduous forests 
of Latin America have been lost (Espírito-
Santo et al., 2006, 2009; Quesada et al., 
2009; Sánchez-Azofeifa et al., 2009).

Brazilian TDFs have a 
scattered distribution and are encountered 
within all biomes, but mainly in the Cerra-
do and Caatinga domains, in northeastern 
and central Brazil (Nascimento et al., 
2004). In terms of structure, these forests 
usually have lower height, density and basal 
area than wet forests (Murphy and Lugo, 
1986). They are also floristically less com-
plex due to the limited number of plant 
species adapted to withstand long dry peri-
ods (Oliveira-Filho et al., 1998) and have 
already been considered to be an impover-
ished Atlantic Rain Forest in Brazil (Rizzi-
ni, 1979). The occurrence of epiphytes is 
rare, but often there are species of the Cac-
taceae and Bromeliaceae families, adapted 
to these biophysical conditions and nutri-
tional environments (Felfili, 2001; Felfili et 
al., 2007). Overall, TDF areas have high 
biodiversity and a considerable rate of en-
demism (Pedersoli and Martins, 1972; 
Coelho et al., 2009). Moreover, many plant 
species have economic importance for the 
communities that live in TDF regions, such 
as Myracrodruon urundeuva, Anadenan-
thera colubrina and Piptadenia sp. (Megu-
ro et al., 2007).

Brazilian TDFs are usual-
ly subdivided into two main types: the first 
is composed of forests growing on plain 
soils, also called ‘arboreal caatinga’. These 
forests are associated with crystalline, me-
sotrophic soils, not associated with water-
courses, occurring in interfluve soils richer 
in nutrients. The second type comprises 
forests that develop on limestone outcrops, 
frequently on steep slopes and shallow soils 
(Nascimento et al., 2004; Felfili et al., 
2007). TDFs on limestone outcrops usually 
occur as enclaves inside the Cerrado biome 
and their floristic compositions are influ-
enced by the surrounding vegetation. For 
this reason, a low similarity in species 
composition is observed between TDF frag-
ments on limestone outcrops from different 
regions (Pedralli, 1997; Silva and Sacariot, 
2003, 2004a, b; Almeida and Machado, 
2007; Meguro et al., 2007).

Several studies have been 
conducted on the floristics and structure of 
TDF on limestone outcrops in Brazil (Pe-
dralli, 1997; Silva and Sacariot, 2003, 
2004a, b; Nascimento et al., 2004; Almeida 
and Machado, 2007; Felfili et al., 2007; 

Meguro et al., 2007; Santos et al., 2007). 
However, little is known about the regener-
ation processes in this ecosystem (Werneck 
et al., 2000; Vieira et al., 2006; Vieira and 
Sacariot, 2006; Sampaio et al., 2007). Al-
though some recent studies have addressed 
this issue for TDFs growing on plain soils 
(Pezzini, 2008; Madeira et al., 2009), TDFs 
on limestone outcrops have some peculiar 
characteristics (e.g., soil, slope) and are af-
fected by different land uses (Oliveira Filho 
et al., 1998; Werneck et al., 2000; Sampaio 
et al., 2007). Thus, successional patterns 
described for TDF on plain soils might not 
be applied to TDF on limestone outcrops. 
Only 12% of the papers published on tropi-
cal forests and indexed in the ISI platform 
are dedicated to the TDF, while 88% are 
dedicated to the rainforests (Quesada et al., 
2009). Few studies have been performed 
about the floristic composition and structure 
of TDFs in the Espinhaço Range (Almeida 
and Machado, 2007; Meguro et al., 2007). 
TDFs on limestone are not mapped and 
therefore they are legally poorly protected. 
Due to cement factories, timber extraction 
and agriculture, coverage areas of TDFs on 
limestone are increasingly restricted (Silva 
and Scariot, 2003). However, information 
on the ecological succession and natural re-
generation of these forests is lacking. The 
aim of this study was to describe changes 
in the floristic composition and structure 
between successional stages of TDF on 
limestone in Serra do Cipó, at the southern 
portion of Espinhaço Range, Minas Gerais. 
To our knowledge, this is the first study 
concerning successional patterns in a TDF 
on limestone outcrops in Brazil.

Materials and Methods

Study Area

Sampling carried out in 
February 2007 in natural fragments of TDF 
in Serra do Cipó, Minas Gerais, southeast-
ern Brazil. The Serra do Cipó is located in 
the southern portion of the Espinhaço 
Range and is dominated by Cerrado and 
Rupestrian Fields vegetation. The climate is 
mesothermal (Cwb according the Köppen’s 
classification; Peel et al., 2007), character-
ized by dry winters and rainy summers, 
with an annual rainfall average of 1500mm 
and annual temperature average of 17.4-
19.8°C (Giulietti et al., 1987). The Serra do 
Cipó is located in a high diversity region, 
and is part of Espinhaço Range Biosphere 
Reserve. Two forest fragments were chosen: 
one was considered as at intermediate 
(43°36'09.3''W, 19°20'24.0''S) and the other 
one at late (43°36'23.0''W, 19°19'44.6''S) 
stage of succession. This classification was 
based on land use history, obtained through 
interviews with employees from Parque Na-

cional da Serra do Cipó and at local com-
munities. The plots were located at 0.1-
0.5km apart while the fragments were 2km 
apart. The fragment considered as interme-
diate successional forest has been under 
protection for the last 15 years, after hav-
ing been used for cattle raising. The late 
forest fragment has been protected for at 
least 30 years (for experimental design, 
see Nassar et al., 2008). Both fragments 
were part of the same forest and were 
separated as a consequence of mining ac-
tivities, human settlement, timber extrac-
tion and cattle grazing. Both have similar 
soil characteristics.

Sampling

In each fragment, three 
plots of 20×50m totaling 0.3ha per succes-
sional stage were delimited. In each plot, 
all trees with a diameter at breast height 
(DBH) >5cm were sampled (Nassar et al., 
2008). Also, the height of each individual 
was visually estimated using a measuring 
device as reference. Reproductive material 
was collected from each individual, trans-
ported to the laboratory and identified to 
the lowest possible taxonomic level. Vouch-
er specimens were deposited in the Herbar-
ium of the Departamento de Botânica, Uni-
versidade Federal de Minas Gerais (BHCB). 
The species classification followed the sys-
tem proposed by the Angiosperm Phyloge-
ny Group (APGII, 2005; Souza and Loren-
zi, 2005).

Data analyses

The forest structure vari-
ables (height, basal area) were compared 
between each plot through Kruskal-Wallis 
tests, using each tree as a replicate. When 
the tests indicated significant differences 
between plots (p<0.05), a post-hoc Dunn 
test was used to detect the source of varia-
tion (Zar, 1984). The similarity of the flo-
ristic composition was compared among 
plots through an agglomerative hierarchical 
cluster analysis using a matrix of Bray-Cur-
tis coefficients. The average linkage with 
Euclidean distance metric option as the 
clustering method (Ludwing and Reynolds, 
1988) was used.

The following standard 
phyto-sociological parameters for each suc-
cessional stage were also calculated: abso-
lute density, relative density, absolute domi-
nance, relative dominance, absolute fre-
quency, relative frequency, importance val-
ue index (IVI), and coverage value index 
(CVI; Kent and Coker, 1992).

The IVI was calculated 
by the Holdridge complexity index CHCl= 
(height × density × basal area × number of 
species)/1000. The Shannon-Winner diversi-
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ty index (H’) and the Pielou evenness index 
(J’) for each successional stage (Magurran, 
2004) were also calculated. Data are given 
as mean ±SE.

results and discussion

In the TDF fragments 
studied in Serra do Cipó, 691 individuals be-
longing to 50 species (21 families) were 
sampled. In the intermediate stage 323 indi-
viduals from 23 species (11 families) were 
found, whereas 368 individuals from 38 spe-
cies (18 families) were sampled in the late 
stage. Only 11 species co-occurred in both 
stages (Tables I, II). The species richness 
found in this study was similar to other 
studies of TDF on limestone outcrops (Table 
III). The same was observed for the floristic 
composition at the family level. The most 
representative families in the two succes-
sional stages in Serra do Cipó were Fabace-
ae, Apocynaceae and Malvaceae (Figure 1), 
which are also the most common families in 
other studies in TDF on limestone outcrops 
(Pedralli, 1997; Silva and Sacariot, 2003, 
2004a, b; Nascimento, et al., 2004; Almeida 
and Machado, 2007; Meguro et al., 2007). 
Other well-represented families in this phy-
tophysiognomy include Anacardiaceae, Are-
caceae, Bignoniaceae, Combretaceae, Eu-
phorbiaceae, Myrtaceae, Rubiaceae and Sap-
indaceae. Species composition is very simi-

lar to that found in other works, with the 
occurrence of characteristic species like 
Anadenanthera colubrina, Annona coriacea, 
Ficus calyptroceras, Guazuma ulmifolia, 
Myracrodruon urundeuva, Piptadenia gono-
acantha and Spondias tuberosa. The two 
most abundant species in the small diameter 
classes (5-10cm) in the intermediate succes-
sion stage were Myracrodruon urundeuva 
and Inga platyptera. In higher diameter 
classes (≥10cm), M. urundeuva and Rauwol-
fia sellowii were the most abundant species 
(Figure 2). In the late successional stage, the 
two most abundant species in small diameter 
classes were Anadenanthera colubrina and 
M. urundeuva, whereas A. colubrina and 
Bauhinia brevipes predominated in higher 
diameter classes (Figure 2). The most abun-
dant species in this study are frequently en-
countered in TDFs, both in plain soils and 
limestone outcrops (Silva and Scariot, 
2003, 2004a, b; Nascimento et al., 2004; 
Meguro et al., 2007; Madeira et al., 2009). 
Eleven species (48%) were represented by 
only one individual in the intermediate 
succession stage, but the proportion of 
low-abundance species decreased in late 
stages (15 species, 39%).

The TDF structure in Ser-
ra do Cipó was also similar to other studies 
conducted in this phytophysiognomy (Table 
II). The average tree height was 6.30 ±1.62 
m and 7.77 ±2.93m for the intermediate and 

late succession stages, respectively. The bas-
al area ranged from 17.8m2·ha-1 in the inter-
mediate to 29.3m2·ha-1 in the late stages 
while density ranged from 1076 to 1226 in-
dividuals/ha. Oliveira Filho et al. (1998) 
found a close relationship between the floris-
tic composition, topography and soil charac-
teristics in TDFs on limestone outcrops. 
Nascimento et al. (2007), assessing canopy 
openness in TDFs, showed the highest basal 
area and tree species richness in fragments 
with higher canopy openness. Differences in 
species richness, density and basal area be-
tween the studies in TDFs show large varia-
tions that may be a consequence of the flo-
ristic composition of the surrounding phyto-
physiognomies, but mainly to factors related 
to topography, soil conditions and canopy 
opening (Table III).

Forest structure changed 
between plots at different successional stag-
es in the studied TDF. Tree heights were 
significantly higher in late than in interme-
diate plots (X2= 157.25; df= 5, p<0.01; Fig-
ure 3), and the same was observed for basal 
area (X2 = 29.67, GL= 5, p<0.01; Figure 4). 
This result corroborates other studies con-
ducted in TDF chronosequences (Kalácska 
et al., 2004; Madeira et al., 2009), which in-
dicated an increase in the forest structural 
complexity as the succession progresses. 
Also, Werneck et al. (2000) evaluated 
changes in the floristic composition and 

TABLE I
PHyTOSOCIOLOGICAL PARAMETERS OF SPECIES IN THE INTERMEDIATE SUCCESSION STAGE FRAGMENT

Species N RA AD RD ADo RDo AF RF IVI CVI
Acrocomia aculeata (Jacq.) Lodd. ex Mart. 1 0.13 3.333 0.31 0.445 2.501 33.33 2.56 5.38 2.811
Anadenanthera colubrina (Vell.) Brenan* 1 0.19 3.333 0.31 0.622 3.491 33.33 2.56 6.37 3.801
Annona sylvatica A.St.-Hil.* 3 0.05 10 0.929 0.181 1.014 66.67 5.13 7.07 1.943
Aspidosperma cylindrocarpon Müll.Arg. 2 0.02 6.667 0.619 0.076 0.43 33.33 2.56 3.61 1.049
Aspidosperma multiflorum A. DC.* 4 0.05 13.33 1.238 0.156 0.877 100 7.69 9.81 2.115
Aspidosperma pyrifolium Mart.* 8 0.05 26.67 2.477 0.17 0.954 66.67 5.13 8.56 3.431
Aspidosperma subincanum Mart. ex A.DC. 1 0.01 3.333 0.31 0.045 0.251 33.33 2.56 3.12 0.56
Baccharis dracunculifolia DC. 1 0.01 3.333 0.31 0.006 0.034 33.33 2.56 2.91 0.343
Campomanesia guazumifolia (Cambess.) O.Berg* 1 0.03 3.333 0.31 0.109 0.611 33.33 2.56 3.48 0.921
Cassia ferruginea (Schrad.) Schrad. ex DC.* 5 0.04 16.67 1.548 0.128 0.719 66.67 5.13 7.4 2.267
Guazuma ulmifolia Lam.* 7 0.22 23.33 2.167 0.72 4.044 100 7.69 13.9 6.212
Guettarda uruguensis Cham. & Schltdl.* 1 0.01 3.333 0.31 0.017 0.097 33.33 2.56 2.97 0.407
Inga platyptera Benth. 30 0.73 100 9.288 2.42 13.59 100 7.69 30.6 22.88
Myracrodruon urundeuva Allemão* 194 2.98 646.7 60.06 9.917 55.71 100 7.69 123 115.8
Peltophorum dubium (Spreng.) Taub. 1 0.01 3.333 0.31 0.019 0.109 33.33 2.56 2.98 0.418
Piptadenia gonoacantha (Mart.) J.F.Macbr.* 1 0.03 3.333 0.31 0.089 0.502 33.33 2.56 3.38 0.811
Platypodium elegans Vogel 1 0.02 3.333 0.31 0.064 0.358 33.33 2.56 3.23 0.668
Pouteria gardneri (Mart. & Miq.) Baehni 2 0.04 6.667 0.619 0.146 0.823 66.67 5.13 6.57 1.442
Rauwolfia sellowii Müll. Arg. 48 0.46 160 14.86 1.528 8.584 100 7.69 31.1 23.44
Stryphnodendron obovatum Benth. 1 0.01 3.333 0.31 0.022 0.125 33.33 2.56 3 0.435
Terminalia argentea (Cambess.) Mart.* 7 0.24 23.33 2.167 0.793 4.457 66.67 5.13 11.8 6.624
Terminalia glabrescens Mart. 2 0.03 6.667 0.619 0.093 0.525 66.67 5.13 6.27 1.144
Vitex polygama Cham. 1 0.01 3.333 0.31 0.034 0.193 33.33 2.56 3.07 0.503
Total 323 5.4 1077 100 17.8 100 1300 100 300 200

N: number of individuals, RA: relative abundance, AD: absolute density, RD: relative density, ADo: absolute dominance, RDo: relative domi-
nance, AF: absolute frequency, RF: relative frequency, IVI: importance value index; CVI: coverage value index.
*Species occurring at intermediate and late succession stages.
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structure of a TDF on limestone 
outcrops in southeastern Brazil 
for four years without distur-
bance; they recorded a signifi-
cant increase in tree basal area 
and height classes during this 
period, indicating that TDFs 
may show short-time scale alter-
ations on structural parameters. 
However, in the same study 
Werneck et al. (2000) reported 
no differences in diversity and 
evenness in the four years of 
study. It is reasonable to assume 
that changes in species composi-
tion occur on a longer time-
scale. In the present study, 
Shannon-Winner’s diversity in-
dex was lower in the intermedi-
ate stage (1.52) than in the late 
stage (2.58) of succession, and 

TABLE II
PHyTOSOCIOLOGICAL PARAMETERS OF SPECIES IN THE LATE SUCCESSION STAGE FRAGMENT

Species N RA AD RD ADo RDo AF RF IVI
Albizia sp. 1 3.33 0.27 0.08 0.27 33.3 1.67 2.21 0.54
Anadenanthera colubrina (Vell.) Brenan* 135 450 36.7 10.2 34.6 100 5 76.3 71.3
Annona sylvatica (A. St.-Hil.) Mart.* 4 13.3 1.09 0.09 0.3 33.3 1.67 3.05 1.39
Arrabidaea sp1 6 20 1.63 0.22 0.75 100 5 7.39 2.39
Arrabidaea sp2 1 3.33 0.27 0 0.02 33.3 1.67 1.95 0.29
Aspidosperma multiflorum A.DC.* 1 3.33 0.27 0.1 0.34 33.3 1.67 2.28 0.62
Aspidosperma olivaceum Müll. Arg. 8 26.7 2.17 0.82 2.78 100 5 9.96 4.96
Aspidosperma pyrifolium Mart.* 1 3.33 0.27 0.01 0.02 33.3 1.67 1.96 0.29
Bauhinia acuruana Moric. 1 3.33 0.27 0.01 0.03 33.3 1.67 1.97 0.3
Bauhinia brevipes Vogel 31 103 8.42 1.13 3.81 100 5 17.2 12.2
Bauhinia longifolia (Bong.) D.Dietr. 1 3.33 0.27 0.01 0.04 33.3 1.67 1.98 0.31
Bauhinia rufa (Bong.) Steud. 4 13.3 1.09 0.24 0.81 100 5 6.89 1.89
Bauhinia ungulata L. 1 3.33 0.27 0.01 0.02 33.3 1.67 1.96 0.29
Campomanesia guazumifolia (Cambess.) O. Berg* 2 6.67 0.54 0.04 0.14 33.3 1.67 2.35 0.68
Casearia rupestris Eichler 3 10 0.82 0.08 0.29 33.3 1.67 2.77 1.1
Cassia ferruginea (Schrad.) Schrad. ex DC.* 4 13.3 1.09 0.57 1.92 33.3 1.67 4.68 3.01
Copaifera langsdorffii Desf. 1 3.33 0.27 0.11 0.36 33.3 1.67 2.29 0.63
Dilodendron bipinnatum Radlk. 8 26.7 2.17 1.21 4.09 66.7 3.33 9.6 6.27
Diospyros inconstans Jacq. 2 6.67 0.54 0.08 0.28 33.3 1.67 2.49 0.82
Ficus calyptroceras (Miq.) Miq. 1 3.33 0.27 0.06 0.22 33.3 1.67 2.15 0.49
Galphimia sp1 3 10 0.82 0.02 0.07 33.3 1.67 2.55 0.88
Guazuma ulmifolia Lam.* 10 33.3 2.72 0.53 1.8 66.7 3.33 7.85 4.52
Guettarda uruguensis Cham. & Schltdl.* 19 63.3 5.16 0.56 1.88 100 5 12 7.04
Luehea candicans Mart. & Zucc. 1 3.33 0.27 0.21 0.69 33.3 1.67 2.63 0.97
Lithraea molleoides (Vell.) Engl. 1 3.33 0.27 0.1 0.32 33.3 1.67 2.26 0.59
Maclura tinctoria (L.) Steud. 1 3.33 0.27 0.01 0.04 33.3 1.67 1.98 0.31
Mascagni sp1 2 6.67 0.54 0 0.01 33.3 1.67 2.22 0.56
Maytenus robusta Reissek 5 16.7 1.36 0.1 0.32 66.7 3.33 5.02 1.68
Myracrodruon urundeuva Allemão* 68 227 18.5 9.47 32 100 5 55.5 50.5
Picramnia glazioviana Engl. 8 26.7 2.17 0.14 0.47 33.3 1.67 4.31 2.65
Piptadenia gonoacantha (Mart.) J. F. Macbr.* 2 6.67 0.54 0.08 0.27 33.3 1.67 2.48 0.82
Pouteria gardneri (Mart. & Miq.) Baehni* 4 13.3 1.09 0.1 0.33 66.7 3.33 4.75 1.41
Rhamnidium elaeocarpum Reissek 15 50 4.08 2.66 9 100 5 18.1 13.1
Rhamnidium molle Reissek 1 3.33 0.27 0.01 0.03 33.3 1.67 1.97 0.3
Sebastiania brasiliensis Spreng. 2 6.67 0.54 0.03 0.1 33.3 1.67 2.31 0.64
Senna macranthera (Collad.) H. S. Irwin & Barneby 8 26.7 2.17 0.15 0.51 100 5 7.69 2.69
Terminalia argentea (Cambess.) Mart.* 1 3.33 0.27 0.08 0.26 33.3 1.67 2.2 0.53
Trichilia pallida Sw. 1 3.33 0.27 0.24 0.81 33.3 1.67 2.75 1.08
Total 368 1227 100 29.6 100 2000 100 300 200

N: number of individuals, RA: relative abundance, AD: absolute density, RD: relative density, ADo: absolute dominance, RDo: relative dominance, AF: 
absolute frequency, RF: relative frequency, IVI: importance value index. *Species occurring at intermediate and late succession stages.

TABLE III
MINIMUM DIAMETER, SPECIES RICHNESS, DENSITy, BASAL AREA (G) 

AND LOCATIONS OF DIFFERENT STUDIES CARRIED OUT IN SEASONALLy DRy 
TROPICAL FOREST FRAGMENTS ON LIMESTONE OUTCROPS (TDFLO) AND 

SEASONALLy DRy TROPICAL FOREST FRAGMENT ON PLAIN SOILS (TDFPS)
Minimum 
diameter

Species 
richness

Density 
(ha)

G 
(ha) Location References

TDFLO 5 23 1076 17.8 Serra do Cipó, MG Este estudo*
TDFLO 5 38 1226 29.3 Serra do Cipó, MG Este estudo**
TDFLO 5 39 734 16.73 Iaciara, GO Felfili et al., 2007
TDFLO 2.5 29 3300 46.6 Santo Hipólito, MG Meguro et al., 2007
TDFLO 5 52 633 19.36 Monte Alegre, GO Nascimento et al., 2004
TDFLO 5 44 591 23.17 São Domingos, GO Scariot and Sevilha, 2000
TDFLO 5 67 1454 20.54 Santa Vitória, MG Oliveira-Filho et al., 1998
TDFPS 5 16 762 15.2 Manga, MG Madeira et al., 2009*
TDFPS 5 17.3 988 22 Manga, MG Madeira et al., 2009**
TDFLO 5 36 536 18.6 São Domingos, GO Silva and Scariot, 2003
TDFLO 5 48 924 9.9 São Domingos, GO Silva and Scariot, 2004a
TDFLO 5 51 860 18.6 São Domingos, GO Silva and Scariot, 2004b
TDFLO 10 114 1771 24 Perdizes, MG Werneck et al. 2000
*Intermediate succession stage **Late succession stage.
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the same was observed for the Pielou’s 
evenness index (0.48 and 0.64, respectively). 
Similar results were reported by Madeira et 
al. (2009), with greater richness in late suc-
cessional stages in a TDF in plain soils in 
the north of Minas Gerais. These authors 
hypothesized that the successional dynamics 

in TDFs would be dominance-controlled. 
According to this hypothesis, tree diversity 
would be higher in intermediate stages of 
succession, due to the competitive exclusion 
of mid-successional species as the forest 
matures (yodzis, 1986). The explanation 
given by Madeira et al. (2009) for such pat-

Figure 1. Richness of species per family at intermediate and late stages in 
fragments of a tropical dry forest on limestone outcrops. Parque Nacional da 
Serra do Cipó, Brazil.

Figure 2. Number of individuals for the ten most abundant species in intermediate (a) and late 
(b) stages, separated by DBH classes of 5-10cm and >10cm in fragments of a tropical dry forest 
on limestone outcrops. Parque Nacional da Serra do Cipó, Brazil.

Figure 3. Boxes indicate median, quartiles, maximum and 
minimum heights of individuals with DBH>5cm in six habi-
tats. Kruskal-Wallis test (X2= 157.258, df= 5, p<0.001). Dif-
ferent letters indicate statistical differences in the Dunn mul-
tiple comparison test, p<0.05. Habitats were ranked according 
to three intermediate (I1, I2, I3) and three late (L1, L2, L3) 
successional stages in a tropical dry forest fragments on lime-
stone outcrops. Parque Nacional da Serra do Cipó, Brazil.

Figure 4. Boxes indicate median, quartiles, maximum and 
minimum heights of individuals with DBH>5cm in six habi-
tats. Kruskal-Wallis test (X2= 29.671, df= 5, p<0.001). Differ-
ent letters indicate statistical differences in the Dunn multiple 
comparison test (p<0.05). Habitats were ranked according to 
three intermediate (I1, I2, I3) and three late (L1, L2, L3) suc-
cessional stages in a tropical dry forest fragments on lime-
stone outcrops. Parque Nacional da Serra do Cipó, Brazil.

tern is that the fragment considered here as 
‘late stage’ is probably in the middle of the 
regeneration process. In this case, a de-
crease in the number of species would be 
expected over time in late fragments of 
TDF in Serra do Cipó.

The agglomerative hier-
archical cluster analysis indicated a 
greater similarity between plots from the 
same successional stage (Figure 5), indi-
cating a significant change in the floris-
tic composition. This result corroborates 
the observed by Madeira et al. (2009) 
for a TDF in the north of Minas Gerais, 
indicating that the successional process 
in these forests corresponds to the ‘relay 
floristic model’ (Egler, 1954). According 
to model, TDFs would regenerate with a 
gradual substitution of pioneer species 
by late species. This pattern contradicts 
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some recent studies in Brazilian TDFs, 
which described the frequent occurrence 
of coppicing during succession in these 
ecosystems. Thus, Vieira et al. (2006), 
Vieira and Sacariot (2006) and Sampaio 
et al. (2007) suggested that TDFs would 
conform to the ‘initial floristic composi-
tion model’ (Egler, 1954). In this case, 
late species would re-sprout after clear-
cutting in TDFs and would be already 
present in early and intermediate succes-
sional stages.

Indeed, Madeira et al. 
(2009) suggested that the successional path-
way that followed after abandonment in 
TDFs would depend on land-use history. In 
plain soils, plowing is a common practice 
to remove plant roots before sowing. In this 
case, coppicing would not be expected and 
the forest would regenerate according to the 
relay floristic model. However, in TDFs 
growing on limestone outcrops, trees are 
usually cut for charcoal and wood produc-
tion without plowing, and regeneration 
from root suckers would be more common, 
with a low rate of species substitution dur-
ing the succession.

Understanding the impor-
tance of land-use history for the regeneration 
dynamics of dry forests and indentifying the 
different models of succession can point to 
effective conservation strategies. The present 
results demonstrated important changes in 
floristic composition and structure along two 
successional stages, contributing to ecologi-
cal process understanding. The limited 
knowledge about this rich ecosystem has 
been expanded and the urgent need for its 
preservation is reinforced.
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RESUMEN

CoMposição e esTruTurA FlorísTiCA de uMA FloresTA TropiCAl seCA eM diFerenTes esTÁGios 
suCessionAis nA CAdeiA do espinhAço, sudesTe do BrAsil
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RESUMO

rámetros medidos variaron entre estadios sucesionales. En el es-
tadio intermedio, los parámetros estructurales fueron: área basal 
17,8m2·h-1; densidad 1076 individuos/ha; altura media 6.30m, rique-
za de especies 23; mientras los índices de comunidad fueron: diver-
sidad Shannon-Winner 1,51 y equidad Pielou 0,48. Para el estadio 
tardío de sucesión los parámetros estructurales fueron: área basal 
29,3m2·h-1; densidad 1226 individuos/ha; altura media 7,7m; riqueza 
de especies 38, mientras los índices de comunidad fueron diversi-
dad Shannon-Winner 2,38 y equidad Pielou 0,64. Los resultados 
monstraron importantes cambios en la composición y estructura 
florística a lo largo de los estadios sucesionales, contribuyendo al 
mejor entendimiento de los procesos ecológicos. Se amplió el limi-
tado conocimiento sobre este rico ecosistema y se reforzó la urgen-
te necesidad de conservación del mismo.

tardio. Os principais parâmetros mensurados variaram entre está-
gios sucessionais. No estágio intermediário, os parâmetros estru-
turais foram: área basal 17,8m2·h-1; densidade 1076 indivíduos/ha; 
altura média 6,30m, riqueza de espécies 23; enquanto os índices 
de comunidade foram: diversidade Shannon-Winner 1,51 e equi-
tabilidade Pielou 0,48. Para o estágio tardio de sucessão, os pa-
râmetros estruturais foram: área basal 29,3m2·h-1; densidade 1226 
indivíduos/ha; altura média 7,7m; riqueza de espécies 38, enquan-
to os índices de comunidade foram diversidade Shannon-Winner 
2,38 e equitabilidade Pielou 0,64. Os resultados demonstraram im-
portantes mudanças na composição e estrutura florística ao longo 
dos estágios sucessionais contribuindo para o melhor entendimen-
to de processos ecológicos. Expandimos o limitado conhecimento 
sobre este rico ecossistema e reforçamos a urgente necessidade de 
conservação.

Se analizó la estructura y composición florística de fragmentos 
de selvas tropicales secas (STS) en estadios intermedios y parte sur 
de la Cordillera del Espinazo, Sudeste de Brasil. En cada fragmen-
to fueron delimitadas tres parcelas de 20×50m, totalizando 0,3ha 
por estadio sucesional. En cada parcela, todos los individuos con 
diámetro a altura de pecho (DAP) >5cm fueron registrados. Se cal-
cularon parámetros fitosociológicos y comparados entre estadios. 
Las famílias más representativas en los dos estadios sucesionales 
fueron Fabaceae, Apocynaceae e Malvaceae, pero la composición 
de especies difirió entre los estadios intermedios y tardíos: las es-
peies con mayor valor de importancia en el estadio intermedio fue-
ron Myracrodruon urundeuva, Rauwolfia sellowii e Inga platyptera, 
mientras que Anadenanthera colubrina, Myracrodruon urundeuva y 
Bauhinia brevipes predominaron en el tardío. Los principales pa-

Analisaram-se a estrutura e composição florística de fragmentos 
de florestas tropicais secas (FTS) em estágios intermediários e tar-
dios de sucessão sobre afloramentos calcários, situados na Serra 
do Cipó, porção sul da Cadeia do Espinhaço, sudeste do Brasil. 
Em cada fragmento, três parcelas de 20×50m foram delimitadas 
totalizando 0,3ha por estágio sucessional. Em cada parcela, todas 
os indivíduos com diâmetro a altura do peito (DAP) >5cm foram 
amostrados. Parâmetros fitossociológicos foram calculados e com-
parados entre estágios. As famílias mais representativas nos dois 
estágios sucessionais foram Fabaceae, Apocynaceae e Malvaceae, 
mas a composição de espécies diferiram entre os estágios inter-
mediários e tardios: as espécies com maior valor de importância 
no estágio intermediário foram Myracrodruon urundeuva, Rauwol-
fia sellowii e Inga platyptera, enquanto Anadenanthera colubrina, 
Myracrodruon urundeuva e Bauhinia brevipes predominaram no 


