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Abstract We investigated changes in species com-

position and structure of tree and liana communities

along a successional gradient in a seasonally dry

tropical forest. There was a progressive increase in

tree richness and all tree structural traits from early to

late stages, as well as marked changes in tree species

composition and dominance. This pattern is probably

related to pasture management practices such as

ploughing, which remove tree roots and preclude

regeneration by resprouting. On the other hand, liana

density decreased from intermediate to late stages,

showing a negative correlation with tree density. The

higher liana abundance in intermediate stage is

probably due to a balanced availability of support

and light availability, since these variables may show

opposite trends during forest growth. Predicted

succession models may represent extremes in a

continuum of possible successional pathways

strongly influenced by land use history, climate, soil

type, and by the outcomes of tree–liana interactions.
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Introduction

Seasonally dry tropical forests (SDTFs) are consid-

ered as one of the most threatened tropical

ecosystems (Janzen 1986) and, in Latin America,

*60% of all SDTFs have already been destroyed

(Miles et al. 2006). Current deforestation rates are

still high and unknown for many regions. Between

1980 and 2000, approximately 11,000 km2 (0.6%) of

SDTFs disappeared yearly in the Americas (Miles

et al. 2006) mainly due to slash-and-burn practices

and conversion to agriculture (Murphy and Lugo

1986; Murphy 1995; Miles et al. 2006). Other
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potential threats include global climate changes,

habitat fragmentation and increasing human popula-

tion density (Arroyo Mora et al. 2005; Wright et al.

2007). Conservation efforts are concentrated in the

creation of conservation units, which has a very

limited impact. For example, only 1% of SDTFs in

Central America (Janzen 1988; Sánchez-Azofeifa

et al. 2003) and 3.9% in Brazil (Sevilha et al. 2004)

are under some sort of protection.

During the past few decades, forest restoration

after pasture abandonment has increased in impor-

tance to complement conservation strategies such as

creation of conservation units (Janzen 1983), since it

can also minimize global problems, such as climate

change (Prentice et al. 1992). However, a fundamen-

tal preliminary requirement is to understand how

successional processes operate in each forest type.

Virtually all the current knowledge in tropical forest

succession was obtained in rain forests and may not

be applicable to STDFs (Vieira and Scariot 2006).

For example, SDTF plant species are predominantly

wind dispersed, compared to a high proportion of

zoochory syndromes in tropical moist forests (Howe

and Smallwood 1982; Gentry 1995; Justiniano and

Fredericksen 2000; Morellato et al. 2000). Also, there

is evidence that resprouting is relatively more

important in SDTF than moist forest natural regen-

eration (Vieira and Scariot 2006; Vieira et al. 2006;

Sampaio et al. 2007). Thus, information on changes

in forest composition and structure, as well as the

abiotic and biotic interactions driving successional

changes is needed for developing successful restora-

tion programs.

Recent studies in Brazilian SDTFs indicate that

late successional forests are composed mainly by

plant species already present in early succession, due

to their high resprouting capacity (Vieira et al. 2006;

Sampaio et al. 2007). Thus, succession in SDTFs may

not follow the ‘relay floristic model’ (Egler 1954),

which predicts a gradual substitution of pioneer by

late species along forest recovery. Instead, these

ecosystems may conform to the ‘initial floristic

composition model’, with pioneer species remaining

in advanced stages of succession (Egler 1954).

However, it is well documented that previous land

use history affects the speed and pathway of forest

succession in a given area after agricultural land

abandonment (Guariguata and Ostertag 2001; Ken-

nard 2002; Chazdon 2003; Vieira et al. 2006;

Sampaio et al. 2007). Thus, SDTFs under different

land uses (i.e. agriculture vs. cattle ranching) and

management practices (clear-cutting, ploughing and

burning frequencies) may show contrasting regener-

ation patterns.

Studies on succession and efforts to promote

natural regeneration of SDTFs also have to recognize

the importance of lianas as a key component of forest

structure. In tropical forests, lianas can account for up

to 40% of leaf area and leaf productivity (Hegarty

and Caballé 1991) and can contribute 10–25% of

plant species richness (Gentry and Dodson 1987;

Gentry 1995; Nabe-Nielsen 2001). Lianas greatly

influence tropical forest dynamics, since they reduce

tree growth and fecundity and increase tree mortality

(Putz 1984; Clark and Clark 1990; Schnitzer and

Bongers 2002), rapidly growing in canopy gaps and

suppressing sapling growth (Putz 1984). Therefore,

they can hinder gap-phase regeneration and impede

forest structure recovery, altering patterns of forest

succession (Putz 1984; Clark and Clark 1990;

Schnitzer et al. 2000; Pérez-Salicrup 2001). Lianas

are usually more common in young, secondary

forests and fragment edges, where light availability

is higher, decreasing in abundance with canopy

closure in mature forests (Clark and Clark 1990;

DeWalt et al. 2000; Laurance et al. 2001). In spite of

that there is very little information on liana commu-

nity changes with succession (but see DeWalt et al.

2000), specially in SDTFs.

In this study, we compared forest fragments in

different successional stages to describe changes in

tree and liana communities in a Brazilian SDTF. We

used the same approach of Kalácska et al. (2004,

2005) and Arroyo Mora et al. (2005) instead of using

age, and our definition of successional stages was

based on the forest structural characteristics. One of

the main concerns of using age since disturbance or

abandonment to define successional stages is that the

structure and composition of stands of the same age

vary drastically depending on past land use, soil type,

topography and propagule availability (Kellman

1970; Sader et al. 1989; Corlett 1994; Guariguata

and Ostertag 2001; Chazdon 2003; Vieira et al. 2006;

Sampaio et al. 2007). By using a structural approach

to successional stages (i.e. vertical and horizontal

forest structure), we eliminate potential confounding

variables related to the land use history (Arroyo Mora

et al. 2005; Kalácska et al. 2005).
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We tested the following hypotheses about ecolog-

ical succession in the studied SDTF: (i) successional

dynamics is dominance controlled. In this case, 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; Begon et al. 2006). (ii) Succession pathways

conform to the ‘initial floristic composition model’

(Egler 1954), as proposed by Vieira and Scariot

(2006) and Sampaio et al. (2007). (iii) Lianas are

more abundant in early and intermediate successional

stages, decreasing in late forests due to a negative

interaction with trees. For this purpose, we compared

forest structure and composition among early, inter-

mediate and late successional stages of a SDTF in

south-eastern Brazil, simulating the regeneration

process that would naturally occur in this ecosystem.

Methods

Study area

This study was conducted in the Parque Estadual da

Mata Seca (hereafter PEMS), a conservation unit of

integral protection created by merging of four

farmlands in 2000, and managed by the Instituto

Estadual de Florestas (IEF, State Forestry Institute).

The PEMS has an area of 10281.44 ha and is located

in the valley of the São Francisco River, Minas

Gerais state, Brazil, between 14�4803600–14�5605900S
and 43�5501200–44�0401200W. The original vegetation

of the park is SDTFs, growing on flat and nutrient-

rich soils (IEF 2000). These forests are dominated by

deciduous trees, with almost 90–95% of loss in leaf

area during the dry season (May–October). The

climate of the region is considered as tropical semi-

arid (Köppen’s classification), characterized by the

existence of a severe dry season during the winter.

The average temperature of the study region is 24�C

(Antunes 1994), and the average annual precipitation

is 818 ± 242 mm (mean ± standard deviation; data

from the meteorological station in the city of Manga,

10 km from the study area). The main economic

activities in the area before protection were extensive

cattle ranching, and bean and corn plantations inside

two central pivots of 80 ha each. Approximately

1,525 ha of the PEMS is covered with abandoned

pasture fields in early regeneration stages, while the

remaining area supports dry forest fragments in

secondary and primary stages (IEF 2000).

Sampling

In January 2006, 20 plots of 20 m 9 50 m (0.1 ha

each, 2.0 ha in total) were delimited in early, inter-

mediate and late forest fragments. To determine the

successional stage of a given forest fragment, we

followed the structural approach of Kalácska et al.

(2004, 2005) and Arroyo Mora et al. (2005). These

authors used the forest vertical structure (i.e. the

number of tree crown layers in a vertical profile of the

forest) and horizontal structure (the horizontal distri-

bution of tree crowns per area) to define stages,

regardless of forest age. In this sense, our early

successional stage is characterized by a forest area

composed of sparse patches of woody vegetation,

shrubs, herbs and grasses with a single stratum of tree

crowns composing a very open canopy up to 4 m. This

area was used as pasture for at least 20 years and

abandoned in 2000, though cattle from adjacent

pastures still use the areas occasionally. Intermediate

successional stages have two vegetation layers: the

first one is composed by deciduous trees with 10–

12 m and some emergent trees up to 15 m. The

second layer is formed by a dense understory with

many young trees and abundant lianas. This area was

used as pasture for an unknown period and was

abandoned at the late 1980s. Pastures where both early

and intermediate successional forests fragments now

occur were managed similarly: after clear-cutting, the

area was ploughed to plant exotic grasses and burned

every 2 years right before the rainy season. The late

successional stage is also characterized by two strata,

but the first stratum was composed by taller deciduous

trees which form a closed canopy 18–20 m high. The

second stratum is formed by a sparse understory with

reduced light penetration and low density of young

trees and lianas. There are no records of clear-cutting

in this area for the last 50 years.

Six plots were established in one early successional

forest fragment, the same occurring for intermediate

succession plots. For late succesional stages, eight

plots were established in two forest fragments

(*3 km from each other). All forest fragments were

located under similar topographic, soil and microcli-

matic characteristics, thus reducing variation in

physical conditions that could affect succession. The
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20 plots were located along a 5 km transect encom-

passing these fragments, between 14�500–14�510S and

43�570–44�000W. All plots were situated inside the

original area of a single farm, in which management

practices were similar for all pasturelands in the last 30

years, when the property belonged to the same owner.

Plots from the same successional stage were located

*0.2–1.0 km from each other.

We identified and measured the diameter at breast

height (DBH) of all living trees with a DBH equal or

greater than 5 cm inside all plots. We also visually

estimated the height of these individuals in each plot,

using a 2 m graduate stick as reference. Moreover, all

independently growing liana stems with a DBH equal

or greater than 2 cm had their DBH measured, and

their height was estimated as the height of their host

tree. Lianas were identified at the morpho-species

level, due to difficulties to collect plant vegetative

and reproductive parts. Voucher specimens were

deposited at the herbarium of the Universidade

Estadual de Montes Claros, in Montes Claros, Brazil.

Data analyses

We compared the forest structural characteristics

(height, basal area and tree density) for both the tree

and liana components among successional stages

using general linear models (GLMs) for each charac-

teristic. Then, all factor levels (stages) were compared

using contrast analysis by aggregating level and

comparing deviance change (Crawley 2002). If the

level of aggregation did not significantly alter the

deviance explained by the model, the levels were

pooled together (amalgamation) simplifying the

model. Rejected amalgamation implied that levels

were indeed different and no further comparisons were

made. Thus, the complete model was simplified by

stepwise omission of non-significant terms. All models

were submitted to residual analyses, so as to evaluate

adequacy of error distribution (Crawley 2002).

We computed the Holdridge complexity index

(HCI) (for the tree component only; Holdridge 1967;

Holdridge et al. 1971) as a measure of community

complexity. This index is calculated by the following

equation: CHCI = (Height 9 Density of stems 9 Ba-

sal area 9 Number of species)/1,000. The original

HCI considers only trees with DBH [ 10 cm. Thus,

we used a modified version of the index since we

sampled trees with DBH C 5 cm (Lugo et al. 1978).

The HCI was compared among successional stages

using the same procedure used for the other structural

variables.

To compare tree richness among successional

stages, observed species richness was calculated for

each plot. Estimated species richness was also

calculated using a non-parametric estimator, the

incidence-based coverage estimator (ICE) using spe-

cies-by-sample data (Colwell and Coddington 1994;

Chazdon et al. 1998), with the software EstimateS 8.0

(Colwell 2006). We used a GLM to compare the

observed species richness among the three succes-

sional stages.

In order to assess the variation in species compo-

sition between different successional stages (b
diversity), we calculated the Morisita–Horn index

(quantitative). We also calculated Jaccard’s similarity

coefficient (Cj) (Magurran 2004) to examine the

floristic similarity between all plots of the three

successional stages. Then, we used GLMs to test the

relationship between similarity in species composi-

tion (measured as Jaccard’s similarity index between

plots) and the distance between plots within and

between successional stages in order to determine if

plot selection had any influence on species compo-

sition within successional stages.

To test the relationship between liana density and

tree structural attributes, we used a GLM. The

complete model was then simplified following the

same procedure used for the other structural variables.

Results

Tree community composition

We identified a total of 1,543 tree individuals,

representing 59 tree species and 23 plant families in

the 20 plots (2 ha) of the three successional stages

(Appendix). In the early stage, we found 296

individuals from 24 species, representing 11 fami-

lies. Three of these families (Fabaceae = 59.1%,

Anacardiaceae = 23.3% and Bignoniaceae =

10.1%) corresponded to 92.6% of all individuals in

this stage. From a total of 13 families and 457

individuals (33 species) in the intermediate stage,

three families (Bignoniaceae = 31.3%, Combreta-

ceae = 25.6% and Fabaceae = 21.0%) constituted

77.9% of the individuals. In the late stage, we
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identified a total of 790 individuals belonging to 42

species and 19 families. Again, three dominant

families (Bignoniaceae = 35.8%, Fabaceae =

24.4% and Combretaceae = 19.5%) were responsi-

ble for 79.7% of all individuals from this stage.

Individual species dominance changed along the

successional gradient, markedly from the early to the

intermediate stages, but only slightly from the inter-

mediate to late stages (Fig. 1). In the early stage,

Senna spectabilis (Caesalpiniaceae) and Myra-

crodruon urundeuva (Anacardiaceae) had high

relative abundances, 40.5% and 21.6%, respectively.

While S. spectabilis was present only in the early

stage, M. urundeuva appeared in all three successional

stages and was also a dominant species in the late

stage, although with varying abundance/importance

(relative basal area) (Fig. 1). There was little change in

species dominance from the intermediate to late

stages: from the five species, dominant in both stages,

four were dominant in the intermediate and late stages:

Anadenanthera colubrina (Mimosaceae), Combre-

tum duarteanum (Combretaceae), Caesalpinia

pyramidalis (Caesalpiniaceae) and Tabebuia roseo-

alba (Bignoniaceae) (Fig. 1). The only remarkable

change in composition between the intermediate and

late stages was the dominance of Tabebuia ochracea

(28.1%) in the latter, whereas this species was rare

(relative abundance of 1.3%) in the former.

The early stage presented a lower species richness

than intermediate and late stages, but no significant

difference was observed between intermediate and

late stages (Tables 1, 2). Observed species accumu-

lation curves and the species richness estimator (ICE)

showed contrasting results between successional

stages. No stabilization was observed for the early

stage, and observed richness accumulation curve was

below the estimated richness accumulation curve

(Fig. 2a). Both curves indicated stabilization for the

intermediate stage at 0.4 ha, although observed

species richness showed a slight increase at 0.6 ha

(Fig. 2b). For late stages, both curves tended to

stabilized at 0.8 ha (Fig. 2c). In contrast with the

early stage, the difference between the observed and

estimated species richness was much lower for the

intermediate and late stages (Fig. 2b, c).

The greatest similarity was observed between the

intermediate and late stages, with a Morisita–Horn

index of 0.55 (the probability to find an individual of

the same species in a sample of the two stages). There

was a very low similarity between the early and late

stages (Morisita–Horn = 0.062) and, interestingly, an

even lower similarity was observed between the early

and intermediate stages (Morisita–Horn = 0.014),

meaning a high turnover between successional stages.

On the other hand, we observed a higher similarity in

species composition between plots from the same

successional stage than from different successional

stages (Fig. 3). Besides, similarities in species com-

position were not influenced by the distance between

plots from the same successional stage (n = 58,

F = 0.263, P = 0.61), but decreased with distance

between plots from different successional stages

Manihot anomala

Schinopsis brasiliensis

cf. polyphylla

Machaerium acutifolium

Machaerium brasiliense

Cochlospermum vitifolium

Machaerium scleroxylon

Commiphora leptophloeos

Sapium obovatum

Caesalpinia pyramidalis

Anadenanthera colubrina

Combretum duarteanum

Tabebuia roseo-alba 5-10 cm

> 10 cm

> 10 cm

Sapium obovatum

Terminalia eichleriana

Machaerium acutifolium

Centrolobium sp.

Myracrodruon urundeuva

Anadenanthera colubrina

Caesalpinia pyramidalis

Tabebuia roseo-alba

Combretum duarteanum

Tabebuia ochracea

Number of individuals

5-10 cm

Piptadenia viridiflora

Platymiscium blanchetii
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Tabebuia ochracea

Myracrodruon urundeuva

Senna spectabilis
5-10 cm

> 10 cm

(a)

(b)

(c)

Fig. 1 Number of individuals for the 10 most abundant tree

species in early (a), intermediate (b) and late (c) successional

stages, by DBH classes of 5–10 and C10 cm. Species in bold

were represented in more than one successional stage
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(n = 132, F = 23.161, P \ 0.0001, Fig. 3). Thus,

there was no effect of spatial autocorrelation in species

composition within successional stages.

Forest structure

All the tree structural variables evaluated in this study

varied among the three successional stages (Table 1).

For tree diameter, this pattern is clearly demonstrated

by the higher frequency of large class diameters

([10 cm) in intermediate and late stages, whereas

lower class diameters predominate in early stages

(Fig. 1). Although changes in forest structure from

intermediate to late stages were statistically signifi-

cant (Table 2), more dramatic changes were observed

from the early to intermediate stage for all structural

variables (Table 1). Overall, the HCI increased 30

times from the early (0.5 ± 0.2, mean ± standard

error) to intermediate (15.0 ± 2.1) stage and only 3.1

times between intermediate and late (46.1 ± 9.2)

stages (Table 1).

In contrast, liana structure showed a reverse

pattern along the successional gradient (Table 1).

We sampled 192 liana individuals in 6 intermediate

plots and 124 individuals in 8 late plots, representing

a significant decrease in stem density along the

successional gradient. No lianas were found in the

early successional stage. Although the height where

lianas were found increased from intermediate to late

stages, basal area and liana density were significantly

higher in the intermediate stages (Tables 1, 2). Liana

density was negatively correlated with tree density,

and the correlation was statistically significant for

both the intermediate and late stages, indicating that

liana density decreases as succession unfolds

(Table 3, Fig. 4).

Table 1 Mean values (mean ± standard deviation) of the tree and liana structural characteristics (height, basal area and density)

and the Holdridge complexity index (CCHI) in three successional stages in the Parque Estadual da Mata Seca, MG

Stage Height Basal area Density No. of species CHCI

Trees

Early 3.4 ± 0.8a 3.1 ± 0.8a 49.3 ± 21.0a 8.3 ± 2.4a 0.6 ± 0.5a

Intermediate 8.0 ± 4.1b 15.2 ± 3.4b 76.2 ± 10.0b 16.3 ± 1.9b 15.0 ± 8.3b

Late 11.8 ± 5.6c 22.0 ± 6.4c 98.8 ± 17.2c 17.3 ± 2.0b 46.1 ± 25.7c

Lianas

Intermediate 8.2 ± 5.2a 0.56 ± 0.1a 32.0 ± 4.2a – –

Late 13.3 ± 6.0b 0.36 ± 0.2b 15.5 ± 6.9b – –

Height given is measured in metres, basal area in m2 ha-1, and density in number of individuals ha-0.1. Different letters indicate the

statistical difference (refer to Table 2)

Table 2 Analysis of variance of the forest structural charac-

teristics (height, basal area and density), number of tree species

and of the Holdridge complexity index (CCHI) between three

successional stages and of the liana structural characteristics

between the intermediate and late stages in the Parque Estadual

da Mata Seca, MG

Response variable Source d.f. Deviance Residual d.f. Residual deviance F P Errors

Trees

Height Stage 1 241.629 17 41.257 49.782 \0.0001 Normal

Basal area Stage 1 1227.86 17 342.07 30.511 \0.0001 Normal

Density Stage 1 113.569 17 75.154 13.195 \0.0005 Poisson

Number of species Stage 1 22.383 17 6.90 26.925 \0.0001 Poisson

Holdridge index Stage 1 406.56 17 112.43 30.624 \0.0001 Poisson

Lianas

Height Stage 1 90.493 12 112.484 9.654 0.009 Normal

Basal area Stage 1 0.176 12 0.394 5.359 0.039 Normal

Density Stage 1 40.826 12 25.552 40.826 \0.0001 Poisson

No lianas were found in early plots
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Discussion

Tree structure and diversity: successional changes

Forest structure changed along the successional

gradient according to the general pattern of secondary

succession described for tropical forests, with a

gradual increase in height and basal area (Guariguata

and Ostertag 2001; Kalácska et al. 2004; Ruiz et al.

2005). On the other hand, variation on stem density

along successional stages observed here did not

conform to general patterns observed for both wet

and dry forests. Usually, there is a high density of

stems with low DBH in early and intermediate stages,
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and as DBH increases with forest growth, stem

density decreases (Mizrahi et al. 1997; Saldarriaga

et al. 1988; Denslow and Guzman 2000; Kennard

2002; Kalácska et al. 2004; Ruiz et al. 2005). In spite

of the gradual increase in average stem density

observed here, the pattern described above is clearly

illustrated for one species of the PEMS. M. uru-

ndeuva, a very common species in Brazilian STDFs

(Oliveira-Filho et al. 1998; Pereira et al. 2003; Salis

et al. 2004), is the second most abundant species in

the early stages, with low DBH values. It was also

encountered in the late stages, where this species was

the sixth most abundant tree, but with much higher

DBH values (see Fig. 1). Nevertheless, the succes-

sional changes in stem density observed at the PEMS

were also detected for a STDF in Chamela, Mexico

(Kalácska et al. 2005).

In spite of the high species dominance observed

for all successional stages, the succession gradient

observed here did not conform to the dominance-

controlled community model, which predicts higher

tree diversity in mid-successional forests (Yodzis

1986; Begon et al. 2006). According to this model,

tree species diversity is low in early successional

stages, which are colonized by a limited group of

pioneers. As succession progresses, other species

invade the area and intermediate regeneration stages

are composed by a high number of mid- and late

successional tree species. As the forest matures

towards the climax, late, efficient competitor species

oust mid-successional species, causing a decrease in

tree community diversity, which is dominated by a

lower number of late species (Yodzis 1986; Begon

et al. 2006). However, a higher tree diversity in late

compared to intermediate stages was described for

other STDFs, such as Chamela, Palo Verde (Kalácska

et al. 2005) and Providence Island (Ruiz et al. 2005),

whereas the successional gradient observed in Santa

Rosa conforms partially to the predicted for domi-

nance-controlled tree communities (Kalácska et al.

2005). One likely alternative explanation is that the

forest sites considered as late stages in these studies

(including the present) are more similar in structure

and diversity to secondary forests in an advanced

stage of regeneration than to mature forests. In this

case, we would expect a decrease in tree diversity in

the late stages in the next decades. Indeed, some

estimates indicate that the recovery time for lowland

dry forest ecosystems is around 150 years (Opler

et al. 1977). Nevertheless, the structure of the late

Table 3 Analysis of variance of the complete and minimal

adequate linear models of the density of lianas (response

variable) and the forest structural characteristics (tree species

richness, basal area of trees and density of trees) between the

two sucessional stages in the Parque Estadual da Mata Seca,

MG

Source Errors d.f. Deviance Residual d.f. Residual deviance F P

Complete model

Density of trees Quasipoisson 1 26.687 12 39.691 12.16 0.00686

Tree species richness 1 0.447 11 39.243 0.204 0.662

Basal area of trees 1 5.884 10 33.359 2.681 0.136

Stage 1 11.778 9 21.581 5.367 0.0457

Minimal adequate model

Density of trees Quasipoisson 1 26.687 12 39.691 13.804 0.00341

Stage 1 16.246 11 23.445 8.403 0.0145

Fig. 4 Linear regression between the density of lianas

(response variable) and the density of trees (explanatory

variable) in intermediate and late successional stages
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stages in the above-mentioned forests is consistent

with that described for mature STDFs (see Murphy

and Lugo 1986; Ruiz et al. 2005). Thus, more long-

term studies are necessary to test whether succession

patterns in STDFs conform to the predicted for

dominance-controlled communities.

The relative importance of seed colonization and

resprouting in forest recovery is controversial, orig-

inating opposing succession models. In the ‘relay

floristics model’, a gradual species substitution is

expected across time, whereas the ‘initial floristic

composition model’ predicts that pioneer species

remain in advanced stages of succession (Egler

1954). The successional gradient analysed in the

present study corroborates the former model, since

there are striking changes in tree community compo-

sition from early to intermediate and late stages. On

the contrary, some recent studies on Brazilian SDTFs

found that a vast majority of the plant species are

present in recently abandoned pastures and remain

later in the succession (Vieira et al. 2006; Sampaio

et al. 2007). These authors related this pattern to the

great resprouting capacity of dry forest tree species,

which can be affected by the intensity of pasture

management practices such as fire, clear-cutting and

tractor use. In our areas, ploughing probably removed

the majority of plant roots after clear-cutting, pre-

venting resprouting and reducing the presence of late

species in early sites. In areas recovering from this

type of pasture management, succession is more

likely to conform to the ‘relay floristic model’. When

resprouting is intense, succession may resemble the

predicted by the ‘initial floristic composition model’.

However, the presence of multi-stemmed trees in

early plots and the occurrence of M. urundeuva in all

three successional stages of the PEMS suggest that

regeneration by resprouting is also occurring. Thus,

succession models may represent extremes in a

continuum of possible successional pathways

strongly influenced by land use history.

The great tree species substitution from early to

intermediate and late stages is probably related to

changes in light penetration through the forest canopy

along the successional gradient. Light quality and

quantity may have a profound effect in determining the

survivorship of shade-intolerant pioneer trees. For

instance, S. spectabilis, the most abundant species in

the early stage, can be considered a pioneer species

according to the classification proposed by Swaine and

Whitmore (1988). The plant is a short-lived heliophyte,

with rapid growth in height, especially under direct

sunlight (Lorenzi 1992). This can explain the absence

of this species from the shaded understory of interme-

diate and late forest fragments. Also, light availability

can affect seed germination and seedling growth in

early successional stages. Though there is only scat-

tered information on the ecophysiology of the majority

of the tree species encountered in this study, some of

the dominant species in early successional plots have

either positive photoblastic or neutral seeds. For

instance, although M. urundeuva is considered a

climax, shade-tolerant species, it was the second most

abundant species in early stage plots, and its seeds may

be able to germinate both in gaps, exposed to direct

sunlight and daily temperature fluctuations, and in the

understory, where diffuse light and lower daily tem-

perature variations predominate (Silva et al. 2002).

Similarly, the germinative behaviour of A. polyphylla,

fifth most abundant species in early stage plots, also

indicates that it can germinate in different-sized gaps,

exposed to diverse temperature and light conditions

(Araújo Neto et al. 2003). Thus, it is likely that most

species encountered in early plots are adapted to open

canopy conditions, though some late, shade-tolerant

species can also regenerate by sprouting in these areas.

Liana structure and liana–tree interactions

Lianas represented a very important structural com-

ponent of the SDTFs in PEMS, with marked changes

along the successional gradient considered in this

study, probably related to changes in light and support

availability. In the early stages light is not limiting, but

there are few branches thick enough to support the

growth of lianas with more than 2 cm. In fact, the

dependence of large lianas on large trees has been

reported in other studies (Clark and Clark 1990; Nabe-

Nielsen 2001; Phillips et al. 2002). In the intermediate

stages, light availability decreases, but the canopy is

still open enough to allow successful liana establish-

ment, due to the presence of adequate support

(Sánchez-Azofeifa, unpubl. data). As succession pro-

gresses, the canopy increases in height (from 8.2 m in

intermediate stages to 13.3 m in late stages, on

average) and continuity, reducing the habitat suitabil-

ity for lianas for two reasons: first, energetic costs

associated with ascent may reduce liana capacity to

climb a great distance to the canopy (DeWalt et al.
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2000); second, lianas are light-demanding (Castell-

anos 1991; Teramura et al. 1991) and, in closed

canopies of late forests, they are only able to establish

and grow in tree gaps (Putz 1984; Schnitzer and

Carson 2001). These factors may be responsible for the

decline in abundance observed here from intermediate

to late stages, as well as for the negative relationship

verified between liana density and tree density,

considering all the sampled plots from both stages.

Our results corroborate other studies, mostly from

wet forests, which reported a higher density of lianas

in younger forests (DeWalt et al. 2000; Schnitzer and

Bongers 2002; Kuzee and Bongers 2005; Schnitzer

2005). We are not aware of any other study compar-

ing liana structural characteristics along a succesional

gradient of SDTFs. However, Kalácska et al. (2005)

found indirect evidence that lianas are also more

abundant in intermediate successional stages. They

reported that the proportion of liana leaves collected

on leaf traps along a successional gradient in a SDTF

in Santa Rosa, Costa Rica, were higher in the

intermediate than early and late stages. Thus, there

is an urgent need for more studies concerning

successional changes in the liana component of

SDTFs, in order to understand the regeneration

processes in these ecosystems and allow comparisons

with the better studied wet forests.

Conclusions

Studies with successional gradients can be very useful

to understand natural regeneration patterns in SDTFs,

and to compare the consequences of different land use

histories for forest recovery. Resprouting can be a very

common mechanism of SDTF regeneration, but its

intensity may depend on previous land management

practices. Pasture colonization through seed germina-

tion is more likely in ploughed areas, which can lead to

the classical succession pattern characterized by a

gradual but marked change in community composi-

tion. However, a mixture of both processes is probably

the rule for most SDTFs. Many others factors are

thought to affect forest regeneration, such as climate,

soil type and the abundance of lianas. To our

knowledge, this was the first study that analysed

changes in liana structure along a successional gradi-

ent in SDTFs, providing a possible explanation for

their higher abundance at intermediate secondary

forests based on trade-offs in support and light

availability. Lianas certainly play an important role

in SDTF recovery, and the strength of their influence

on tree growth needs further attention, with long-term

and experimental studies to allow comparisons with

the better known wet forests.
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Appendix

Table 4 List of tree species (DBH C 5 cm) identified in the 20 plots in three successional stages in the dry forest of the Parque

Estadual da Mata Seca, MG

Family Species Stage

Early Intermediate Late

Anacardiaceae Astronium fraxinifolium Schott x

Myracrodruon urundeuva All. x x x

Schinopsis brasiliensis Engl. x

Spondias tuberosa Arruda x x
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Table 4 continued

Family Species Stage

Early Intermediate Late

Apocynaceae Aspidosperma pyrifolium Mart. x x

Aspidosperma polyneuron Mull.Arg. x

Aspidosperma subincanum Mart. x x

Araliaceae Aralia warmingiana (Marchal) J. Wen x x

Arecaceae Syagrus oleracea (Mart.) Becc. x

Asclepiadaceae Calotropis procera (Aiton) W.T. Aiton x

Asteraceae Vernonia sp. x

Bignoniaceae Tabebuia impetiginosa (Mart. ex DC.) Standl. x x

Tabebuia ochracea (Cham.) Standl. x x x

Tabebuia roseo-alba (Ridl.) Sandwith x x

Zeyheria tuberculosa Bureau ex Verlot x

Bombacaceae Cavanillesia arborea K. Schum. x x

Chorisia glaziovii (Kuntze) E. Santos x x

Pseudobombax longiflorum (Mart. & Zucc.) A. Robyns. x x

Burseraceae Commiphora leptophloeos (Mart.) J.B. Gillett x x

Cactaceae Cereus jamacaru DC. x x

Cactaceae Pereskia grandifolia Haw. x x

Cochlospermaceae Cochlospermum vitifolium Spreng. x x

Combretaceae Combretum duarteanum Cambess. x x

Terminalia eichleriana Alwan & Stace x x

Euphorbiaceae Cnidoscolus pubescens Pax x

Manihot anomala Pohl x x

Maprounea guianensis Aublet x

Sapium obovatum Klotzsch ex Mull. Arg. x x

Fabaceae Acacia cf. polyphylla DC. x x x

Acacia sp. 1 x

Acacia sp. 2 x

Anadenanthera colubrina (Vell.) Brenan x x

Bauhinia sp. x

Caesalpinia pyramidalis Tul. x x x

Cassia multijuja Rich. x

Centrolobium sp. Mart. Ex Benth. x x

Chloroleucon tortum (Mart.) Barneby & J.W.

Grimes x x x

Enterolobium contortisiliquum Vell. (Morong.) x x

Goniorrhachis marginata Taub. x

Machaerium acutifolium Vog. x x

Machaerium brasiliense Vog. x x

Machaerium cf. floridum (Mart.) Ducke x x

Machaerium scleroxylon Tul. x

Mimosa tenuiflora Benth. x

Piptadenia viridiflora Kunth. (Benth.) x x

Plathymenia reticulata Benth. x x

Platymiscium blanchetii Benth. x x

Pterocarpus rohrii Vahl x

Senna spectabilis (DC.) H�S. Irwin & Barneby x

Meliaceae Cedrela odorata L. x x

Myrtaceae Myrtaceae sp. x

Nyctaginaceae Ramisia brasiliensis Oliv. x
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