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Resumo

No Nordeste do Brasil, áreas convertidas em pastagens e cultivos agrícolas são frequentemente abando-
nadas e, por isso, a vegetação recuperada está em diferentes estágios sucessionais. O objetivo do estudo 
foi caracterizar a diversidade e a estrutura de áreas de vegetação de Caatinga em diferentes estágios 
sucessionais no Nordeste do Brasil. Foram utilizadas duas áreas: 1) área preservada, sem evidências his-
tóricas de eliminação total da vegetação para fins de cultivos agrícolas; 2) área em regeneração, anterior-
mente ocupada com cultivo de Opuntia ficus-indica Mill., abandonada há cerca de 30 anos. Em cada área 
os dados foram coletados em 12 parcelas considerando todos os indivíduos com CAP ≥ 6,0 cm. As espé-
cies foram classificadas conforme a síndrome de dispersão em anemocóricas, zoocóricas e autocóricas. 
Para avaliar a diversidade α foram utilizadas estimativas de riqueza, índices de Shannon, equitatividade 
de Pielou e de Simpson. A diversidade β foi avaliada por meio da análise hierárquica de agrupamentos. 
Para análise estrutural foram estimados densidade, área basal e valor de importância (VI). A comparação 
entre as distribuições de diâmetros das áreas foi realizada pelo teste de Kolmogorov-Smirnov. A análise de 
espécies indicadoras (ISA) foi realizada para identificar a preferência de espécies por uma área. A relação 
da diversidade β com as diferenças na composição de espécies e suas densidades foi analisada com o 
TWINSPAN. As duas áreas apresentaram diferenças significativas (p < 0,05) em riqueza, densidade e área 
basal. Não houve diferença significativa em diversidade. Observou-se a formação de dois conjuntos florís-
ticos (40% de dissimilaridade), que foi corroborada pelas análises TWINSPAN e ISA. A área em regenera-
ção, após 30 anos de abandono, apresentou diversidade de espécie similar a área preservada, mas não 
se recuperou quanto a composição florística, riqueza de espécies, densidade e área basal. A similaridade 
em distribuição diamétrica entre as áreas indica que a em regeneração está recuperando sua capacidade 
auto regenerante.

Palavras-chave: floresta seca, estrutura, composição florística, distribuição diamétrica.

Abstract

In northeastern Brazil, areas converted for pasture and agriculture are often abandoned; therefore the 
recovered areas contain vegetation at different successional stages. The aim of this study was to characterize 
the diversity and structure of Caatinga vegetation areas with different histories of use in northeastern Brazil. 
Two areas were used: 1) preserved with no historical evidence of deforestation for agricultural purposes; 
and 2) regenerated after cultivation of Opuntia ficus-indica Mill., approximately 30 years ago. In each area, 
vegetation of 12 plots was collected, considering all individuals with circumference at 1.30 m above ground 
level (CAP) ≥ 6.0 cm. Collected species were classified according to dispersal strategy into the categories 
of anemochoric, zoochoric, and autochoric. For the analysis of α diversity, species richness, Shannon 
index, Pielou’s evenness, and Simpson’s index were used. β diversity was evaluated using hierarchical 
cluster analysis. Structural analysis using density, basal area, and value of importance (VI) was conducted. 
A comparison between the diameter distributions of the areas was performed using the Kolmogorov–
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Smirnov test. Indicator species analysis (ISA) was conducted to identify the species preferences per area. 
The relationship of β diversity with the differences in the composition of species and their densities were 
analyzed with TWINSPAN. The two areas showed significant differences (p < 0.05) in richness, density, 
and basal area. There was no significant difference in diversity. Cluster analysis indicated the formation of 
two floristic groups (40% dissimilarity), which was corroborated by TWINSPAN and ISA. The regenerating 
area after 30 years of abandonment showed similar species diversity as did the preserved area; however, 
floristic composition, species richness, density, and basal area did not recover. The similarity in diameter 
distributions between areas indicated that the abandoned area is recovering its regenerative capability.

Keywords: dry forest, structure, floristic composition, diameter distribution.

INTRODUCTION

Tropical dry forest (TDF) comprises approximately 42% of all tropical forests globally, covering 
areas in Africa, Australia, Central and South America, India, and Southeast Asia (QUESADA et al., 
2009; LEBRIJA-TREJOS et al., 2010). TDF areas are defined as areas dominated by deciduous drought 
tolerant trees, growing in a climate where the average annual temperature is ≥ 25 °C, and annual 
rainfall ranges between 700–2,000 mm, and ≥3 dry months with little or no rain (SANCHEZ-
AZOFEIFA et al., 2005). In Brazil, approximately 70% of its northeastern region is occupied by 
a vegetation known as Caatinga that fits this definition (SAMPAIO, 1995; CHIANG; KOUTAVAS, 
2004; PENNINGTON et al., 2009).

In many regions of the planet, TDF areas have been extensively transformed and occupied by 
agricultural and urban areas (MURPHY; LUGO, 1986; QUESADA et al., 2009). This is also true 
in the Brazilian semiarid region, where 52% of the Caatinga is comprised of secondary forests in 
different successional stages (PORTILLO-QUINTERO; SÁCHEZ-AZOFEITA, 2010) resulting from 
shifting cultivation practices that are based on deforestation, indiscriminate burning, and logging 
(CASTELLETTI et al., 2003).

The areas of Caatinga abandoned after exploitation have attracted the interest of researchers 
(PEREIRA et al., 2003; ANDRADE et al., 2005; MOREIRA et al., 2007; DANTAS et al., 2010; FERRAZ 
et al., 2014). However, there is no consensus on the structural characteristics of secondary vegetation 
areas and their potential for resilience (VASCONCELOS-SOBRINHO, 2002).

Some mechanisms and processes governing the secondary succession in TDF are already well 
understood (LEBRIJA-TREJOS et al., 2010). TDF contains a relatively high percentage of anemochoric 
species with dormant seeds, capable of regrowth (VIEIRA; SCARIOT, 2006, POORTER et al., 2010), 
and with a breeding period synchronized with the most favorable season for germination success 
(BULLOCK, 1995). In addition, compared to the tropical rain forests, mature TDFs contain fewer 
species, less height and basal area, fewer layers, and a simpler floristic composition (MURPHY; 
LUGO, 1986; SWAINE, 1992; HOLBROOK et al., 1995; SAMPAIO et al., 1998; TREJO; DIRZO; 
2002). These combined factors can reduce the recovery time required after disturbance (KENNARD, 
2002; LEBRIJA-TREJOS et al., 2008). However, other factors such as the history of use, the degree 
of isolation, and the availability of propagules are important. Furthermore, it is also known that 
sampling criteria used in a study could influence the estimates of the speed of recovery (LEBRIJA-
TREJOS et al., 2010; WILLIAMS-LINERA; ALVAREZ-AQUINO, 2010).

An important issue for consideration in regeneration studies is whether the secondary forest 
recovers its native floristic composition and structure (CHAZDON et al., 2007). For this, the 
identification of areas with native plants with and without historical evidence of complete removal 
of vegetation is required. Therefore, for the present study, two areas in Pernambuco Agreste with 
known historical disturbance were included. 

The present study aimed to verify if after 30 years of abandonment, an area with a history of 
agricultural usage can achieve a vegetative structure similar to that of preserved Caatinga areas.

MATERIAL AND METHODS

The present study was conducted at the Experimental São Bento Station, Agreste of Pernambuco, 
northeastern Brazil, under the ownership of the Agronomic Institute of Pernambuco-IPA, located in 
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the semiarid region of Pernambuco at 08°31’56” south latitude (S) and 36º33’00” west longitude 
(W), and 650 m above sea level. The vegetation of the area is called Savanna-Steppe or “Caatinga” 
(IBGE, 2012).

The climate of the region, as according to Köppen’s classification, is of the BSh type, which is 
semi-arid tropical, with a dry summer and an average annual rainfall of approximately 655 mm, 
according to data obtained from the Meteorological Experimental São Bento Station.

The studies were conducted in two areas of shrub/arboreal Caatinga that were formerly continuous 
but are currently separated by a road of more than 3 m wide. The preserved areas (8°32’03,1” 
S–36°27’18,1”W and 8°32’13,8”S–36°27’16,4”W) contain 8.9 ha of native forest with no historical 
evidence of complete removal of vegetation for the purpose of agriculture, as listed in records of the 
Experimental Station and information obtained from local residents. The area of natural regeneration 
(8°32’16,2” S–36°27’15,9”W and 8°32’25,8” S–36°27’18,1”W) contains 9.4 ha of area previously 
used for forage cactus cultivation (Opuntia ficus-indica Mill.) and abandoned for nearly 30 years.

For collection of shrub and tree vegetation data, 24 plots of 20 × 20 m, 12 in each area, were 
used and distributed systematically in groups and covering areas from one extreme to another, 
with an interval of 30 m between plots in the range and 50 m between tracks. All individuals with 
a circumference at 1.30 m above ground level (CAP) ≥ 6.0 cm were tagged and numbered, and 
their heights were estimated according to the protocol of permanent plots measurement (COMITÊ 
TÉCNICO CIENTÍFICO DA REDE DE MANEJO FLORESTAL DA CAATINGA, 2007).

The botanical material was collected for preparation of herbarium specimens, after which 
the specimens were identified by Professors Sérgio Tavares of the Federal Rural University of 
Pernambuco and Dárdano de Andrade Lima of the Agronomic Institute of Pernambuco. The species 
were classified to the family level according to Angiosperm Phylogeny Group III (APG, 2009) and 
the spelling of the families was assessed with INPI (2009). The identified species were classified 
according to dispersal syndromes by Van Der Pijl (1982) into the categories of anemochoric (wind), 
zoochoric (animal), and autochoric (self) dispersion.

To determine whether the number of plots used was sufficient, the REGRELRP procedure (SAEG, 
1997) was used, following the logic of the species/area curve indicating the minimum number of 
plots to be sampled as the point of intersection of the linear part with the plateau part.

The density parameters (ind ha-1), basal area (m2 ha-1), and importance value (%) were estimated 
according to Mueller-Dombois and Ellemberg (1974), using the software Mata Nativa 3 (CIENTEC, 
2010). The average density and basal area were the areas with a significance level (p) equal to 5% 
when compared by the Student’s t-test (Zar, 1999) through the software R.

Two levels of diversity analysis were adopted: 1) α diversity (local), which refers to the number 
and density of species within a community (fragment); and 2) β diversity (regional) surrounding 
the differences in the species composition and densities between fragments. 

To assess the α diversity the species richness, the Shannon index, Pielou’s evenness, and Simpson’s 
index according to Magurran (1988) and Brower et al. (1997) were used. The means and their 
standard errors were obtained by the Jack-Knife procedure (Magurran, 1988) and the comparison of 
means was performed using the Mann–Whitney U test with p = 0.05 (Zar, 1999) using the software 
R after observing that they did not meet assumptions of normality and homogeneity of variance.

The β diversity was assessed by hierarchical cluster analysis from an density array of the species 
in the two area plots using the Euclidean distance as a measure of dissimilarity, by the method of 
Ward, and PC-ORD software version 4.14 (MCCUNE; MEFFORD, 1999).

Indicator species analysis (ISA) was applied to assess the preferences of species per area (Rolstad 
et al., 2002) and to verify that the β diversity among the areas relates to the differences in the 
composition of species and their densities, reflecting the floristic dissimilarity, as suggested by 
Magurran (1988), using the TWINSPAN method of classification of vegetation (Two-way Indicator 
Species Analysis) (KENT, COKER, 1992). After the refinement of the analysis, cut points were adopted 
as 0–2, 2–5, 5–10, 10–20 and >100 individuals. Eigenvalues of >0.3 were considered satisfactory, as 
recommended by Kent and Coker (1992). These analyzes were performed using PC-ORD software 
version 4.14 (McCune; Mefford, 1999).

For the analysis of the distribution of the diameters of individuals sampled in each community, 
the range of diameter class was 3 cm. The comparison between the distributions in diameter class 
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density (ind ha-1); basal area (m2 ha-1); species richness; and the density of species with the highest 
importance values, was performed by using the Kolmogorov–Smirnov test, p = 0.05 (Sokal; Rohlf, 
1995), through the R software.

RESULTS AND DISCUSSION

The number of species on the species/area curve stabilized at 3,269 and 3,496 m2 for preserved 
and regenerated Caatinga, respectively, corroborating that the sampling was sufficient to represent 
the floristic composition. In total, 39 woody species belonging to 21 families and an unidentified 
specimen were registered. Of these, 35 species occurred in the preserved Caatinga area and 29 in the 
regenerated area (Table 1). This analysis revealed three types of dispersion strategies: zoochory in 
45% of the species, followed by autochory (36%) and anemochory (12%). Species numbering 25 
shared both areas (64% of the total). Eleven and nine species fell under Fabaceae in the preserved 
and regenerated areas, respectively, whereas four species in each area were Euphorbiaceae. These two 
families represented the majority of species (44% of all species, regardless of successional stage).

The proximity between preserved and regenerating areas may have been a major facilitator of 
dispersion and the colonization process since approximately 80% of zoochoric and autochoric 
species were present in the regenerating area. In areas of scrub, the ratios of dispersion syndromes were 
associated with decreasing precipitation and stratification of vegetation, with zoochoric dispersion 
being the most important during rainy periods and autochoric and anemochoric dispersion being 
important during dry periods (GRIZ; MACHADO, 2001; SILVA; RODAL, 2009). On the other hand, 
the non-predominance of anemochoric species rejects what is expected to prevail in semi-arid 
environments, since the anemochoric species richness is high (GRIZ; MACHADO, 2001; VIEIRA; 
SCARIOT, 2006; LIMA; MELO, 2015), which may be explained in the present study by the proximity 
of the preserved area.

The relatively preserved dry tropical and subtropical forests have an average number of 77–
127 woody species ha-1 (dry forest in Costa Rica, GILLESPIE et al., 2000; deciduous dry forests 
in Central America, North and South, QUIGLEY; PLATT, 2003; dry forests in Central America, 
GRISCOM; ASHTON, 2011). These values are considerably higher than the number of species (29 
sp.ha-1) in areas used for agriculture (SABOGAL, 1992; GRISCOM; ASHTON, 2011). According to 
Sampaio (2010), typical Caatinga areas contain <50 woody species. Although the number of species 
of regenerating areas ranges from 16–45 woody species ha-1, this depends on the history of use, 
inclusion criteria, and abandonment time (PEREIRA et al., 2003; ANDRADE et al., 2007; DANTAS 
et al., 2010). The results of the present study confirm the account of Sampaio (2010) for a preserved 
area and are within the range indicated for regenerating areas. However, it is noteworthy that there 
is no method of direct comparison between these studies and the current study. In addition, the 
number of species of regenerating areas depends among others on the factors mentioned, such as 
the combination of agents of disorder (GILLESPIE et al., 2000; KENNARD, 2002; LEBRIJA-TREJOS 
et al., 2008). 

Although 64% of the total species are shared in both areas, the differences indicate that the 
regeneration over 30 years has failed to restore the flora composition of the preserved area to a natural 
state, thereby failing to confirm a rapid reestablishment of forests after disturbance (MURPHY; 
LUGO, 1986; FINEGAN, 1996; GILLESPIE et al., 2000).

The regrowth of certain tree species is an additional important mechanism of regeneration 
after a disturbance in TDF (MURPHY; LUGO, 1986b; VIEIRA; SCARIOT, 2006). The percentage of 
regeneration species with this capacity ranges between 57%–81%, depending on the type of land use, 
the severity of disturbance, and successional stage (VIEIRA; SCARIOT, 2006; SAMPAIO et al., 2007). 

In the study area, species with higher density values (Table 1) have this feature (for example, 
Aspidosperma pyrifolium, Croton argyrophyllus, Mimosa tenuiflora, Poincianella pyramidalis, Schinopsis 
brasiliensis, Senegalia bahiensis, and Zanthoxylum sp.), which may have contributed to the 
reestablishment of diversity. CORLETT (1981) and KENNARD (2002) stated that species with these 
skills could be considered resistant to disturbance by presenting high canopy growth rates and 
hence faster recovery after disturbance.
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Tabela 1. 	Floristic, dispersal syndromes of species, density (ind. ha-1), basal area (m2 ha-1), importance value (VI) 
and index indicator species (SD%; SI%) of the species in two areas of shrub-woody preserved Caatinga 
and regeneration in the Northeast of Brazil. A = autochory; Z = zoochory; NA = anemochory; NC = un-
classified; SD * = indicator species of preserved Caatinga; ** SI = Indicator species of the Caatinga in 
regeneration; p = probability.

Table 1. 	 Florística, síndrome de dispersão de espécies, densidade (ind. ha-1), área basal (m2 ha-1), valor de im-
portância (VI) e índice de espécies indicadoras (SD%; SI%) das espécies em duas áreas de Caatinga 
arbustivo-arbórea preservada e em regeneração no Nordeste do Brasil. A = autocórica; Z = zoocória; 
NA = anemocórica; NC = não classificada; SD * = espécie indicadora na Caatinga preservada; SI ** = 
espécie indicadora na Caatinga em regeneração; p = probabilidade. 

Family Scientific Name

Dis-
persal 

syndro-
mes

Preserved Caatinga Caatinga in 
Regeneration SI SD pDen-

sity
Basal 
area VI Den-

sity
Basal 
area VI

Anacardiaceae
Myracrodruon urundeuva Allemão A 2,08 0,002 0,57 - - - 4,20 6,25 1,000
Schinopsis brasiliensis Engl. A 264,58 2,647 42,21 62,50 0,584 21,37 80,9 7,54 0,003*
Spondias tuberosa Arruda Z 2,08 0,052 1,13 - - - 8,30 0,26 1,000

Apocynaceae Aspidosperma pyrifolium Mart. A 202,08 0,355 15,13 31,25 0,040 5,93 86,6 7,86 0,001*
Boraginaceae Cordia globosa (Jacq.) Kunth Z 4,17 0,003 1,13 4,17 0,003 1,68 8,30 7,50 1,000

Capparaceae Capparis flexuosa (L.) L. Z 120,83 0,351 12,97 70,83 0,167 14,16 63,0 6,76 0,126
Capparis jacobinae Moric. ex Eichler Z 47,92 0,047 6,22 12,50 0,020 4,56 59,5 8,77 0,043*

Celastraceae Maytenus rigida Mart Z 8,33 0,009 1,80 - - - 25,0 5,90 0,204
Erythroxylaceae Erythroxylum revolutum Mart Z - - - 2,08 0,018 1,20 8,30 0,26 1,000

E. subrotundum A. St. Hil Z 8,33 0,013 1,35 - - - 16,7 5,19 0,451

Euphorbiaceae

Croton argyrophyllus Kunth A 1181,25 1,060 48,31 231,25 0,410 26,78 83,6 6,97 0,001*
C. blanchetianus Baill. A 452,08 0,514 22,87 79,17 0,106 9,07 78,0 10,50 0,006*
C. heliotropiifolius Kunth A 6,25 0,005 0,72 - - - 8,30 0,26 1,000
Jatropha mollissima Muell. Arg. A 33,33 0,040 5,27 66,67 0,083 10,04 38,9 9,32 0,586
Sapium grandulatum (Vell.) Pax. A - - - 6,25 0,013 0,86 16,7 5,55 0,460

Fabaceae

Bauhinia cheilantha (Bong.) Steud. A 77,08 0,134 6,95 6,25 0,004 1,10 54,0 9,53 0,021*
Caesalpinia laxiflora Mart. ex G.Don A 6,25 0,016 1,82 - - 25,0 5,79 0,223
Chloroleucon foliolosum (Benth.) J. P. 
Lewis A 54,17 0,268 8,34 39,58 0,088 8,78 38,5 7,89 0,545

Erythrina velutina Willd. Z 2,08 0,001 0,56 - - 8,30 0,26 1,000
Mimosa tenuiflora (Willd.) Poir. A 25,00 0,334 7,83 89,58 0,278 16,81 58,6 8,47 0,069
Poincianella pyramidalis Tul. A 516,67 1,389 34,76 327,08 0,605 37,90 61,2 4,13 0,081
Piptadenia stipulacea (Benth.) Ducke A 14,58 0,036 2,26 - - - 14,6 7,29 0,567
Piptadenia viridiflora (Kunth) Benth. A 6,25 0,048 1,68 10,42 0,014 1,52 16,7 5,56 0,485
Senegalia bahiensis Benth A 241,67 0,451 15,24 427,08 1,163 54,99 63,9 6,36 0,025**
S. langsdorffii (Benth.) Seigler & Ebinger A 89,58 0,329 9,44 6,25 0,027 2,29 54,5 8,99 0,022*
S. piauhiensis (Benth.) Seigler & Ebinger A 14,58 0,011 2,48 - - - 33,3 6,67 0,076
Senna sp. NC - - - 2,08 0,003 0,86 8,30 0,26 1,000

Flacourtiaceae Prockia crucis P. Browne ex L. Z - - - 6,25 0,008 2,59 25,0 5,81 0,225
Malpighiaceae Ptilochaeta bahiensis Turcz AN 4,17 0,002 1,12 - - - 16,7 6,24 0,462
Meliaceae Trichilia hirta L. Z 2,08 0,001 0,56 - - - 8,30 0,26 1,000
Myrtaceae Não identificada Z 2,08 0,001 0,56 2,08 0,003 0,87 8,30 0,26 1,000
Nyrtaginaceae Guapira noxia Netto Lundel Z - - - 39,58 0,076 7,13 41,7 7,47 0,030**
Rhamnaceae Ziziphus joazeiro Mart Z 25,00 0,052 3,70 22,92 0,024 4,48 21,7 8,68 0,816

Rubiaceae Coutarea hexandra (Jacq.) K.Schum AN 89,58 0,127 9,18 37,50 0,073 7,67 64,6 7,73 0,023*
Guettarda sp. Z 6,25 0,094 2,19 27,08 0,044 5,11 27,1 8,72 0,457

Rutaceae Zanthoxylum sp. Z 68,75 0,129 8,65 343,75 0,696 40,01 76,4 8,24 0,024**

Sapindaceae Allophylus edulis (A. St.-Hil., Cambess. 
& A. Juss.) Radlk. Z 33,33 0,048 3,87 27,08 0,053 7,39 26,1 8,08 0,904

Solanaceae Não identificada Z 181,25 0,312 13,11 4,17 0,008 1,09 81,5 8,38 0,001*
Verbenaceae Lantana camara L. Z 2,08 0,001 0,56 6,25 0,004 1,81 12,5 6,09 0,737
indeterminada Indeterminada NC 64,58 0,120 5,48 2,08 0,001 0,82 40,4 8,33 0,047

Total 3860,42 9,00 300 1993,75 4,62 300
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Tabela 2. 	Results of diversity, density and basal area and standard error for two areas of Caatinga in Northeastern 
of Brazil.

Table 2. 	 Resultados de diversidade, densidade e área basal e erros padrão da média para duas áreas de Caatinga 
no Nordeste do Brasil. 

Parameters Preserved Caatinga Caatinga in regeneration
Richness (number of species) 35 ± 2,44 a* 29 ± 2,94 b
Shannon-Wiener index (H’) 2,45 ± 0,09 a* 2,46 ± 0,08 a
Equitability of Pielou (J) 0,69 ± 0,02 a* 0,73 ± 0,04 a
Dominance Simpson (C) 0,86 ± 0,02 a* 0,88 ± 0,02 a
Density (ind ha-1) 3860,42 ± 283,33 a** 1993,75 ± 213,78 b
Basal area (m2 ha-1) 9,00 ± 0,80 a** 4,62 ± 0,51 b

Means followed by the same letter do not differ at the 5% level according to Mann-Whitney test * or Student’s t-test**

Médias seguidas de mesma letra não diferem ao nível de 5% conforme o teste de Mann-Whitney* ou de Student** (p > 0,05) 

However, several studies suggest that plants do not continue to coppice after a long period of 
repeated disturbances (BOND; MIDGLEY, 2001; SAMPAIO et al., 2007), resulting in reduced density 
and richness of natural regeneration. These results highlight the need for forest management in 
these areas to be treated with caution and to be based on reproductive strategies of the local flora.

The formation of two sets of flora occurred, whereas there was a clustering of approximately 40% 
(Figure 1), indicating that, at this level, the regenerating area does not regain the species composition of 
the preserved area. The TWINSPAN classification also generated significant divisions (eigenvalue 0.71, 
Figure 2). Nine and three species were identified as indicators of areas of preserved and regenerating 
Caatinga, respectively (p < 0.05, Table 1). These results further indicate a rapid reestablishment after 
disturbance, contrary to expectations by MURPHY (1986), LUGO (1986), FINEGAN (1996), and 
GILLESPIE et al. (2000). However, the comparison between studies should be made sparingly because 
the results depend on various factors and their interactions (GILLESPIE et al., 2000; KENNARD, 2002; 
LEBRIJA-TREJOS et al., 2008; 2010; WILLIAMS-LINERA; ALVAREZ-AQUINO, 2010).

Figura 1. 	Floristic similarity analysis based on species density (Euclidean distance and Ward’s method) between 
areas of preserved Caatinga (P1 -P12) and regeneration (P13 - P24) in the Northeast of Brazil.

Figure 1. 	Análise de similaridade florística com base na densidade das espécies (Distância Euclidiana e método de 
Ward) entre áreas de Caatinga preservada (P1-P12) e em regeneração (P13-P24) no Nordeste do Brasil. 

Density and basal area were higher (p < 0.05) in preserved Caatinga (3,860.42 ind ha-1 and 9 
m2 ha-1) than in the regenerating area (1.993 ind. ha-1 and 4.62 m2 ha-1) (Table 2). Distributions 
of diameter classes in terms of density (Figure 3A), basal area (Figure 3B), and species richness 
(Figure 3C) did not differ between areas, as indicated by the Kolmogorov–Smirnov test (p > 0.05), 
demonstrating that, despite no recovery in quantitative terms in the number of individuals and 
basal area, the regenerating area already has a J-inverted distribution expected to uneven-aged 
stands (RUBIN; MANION; FABER-LANGENDOEN, 2006) and may allow self-regeneration; since 
regardless of succession, 80% of individuals are concentrated in the smaller diameters (diameter at 
breast height (DBH) < 5.9 cm), suggesting that the area under regeneration can retrieve the balance 
between recruitment and mortality.
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Figura 2. 	Classification by the TWINSPAN method of two areas of Caatinga in Northeastern of Brazil, with respective 
eigenvalues.

Figure 2. 	Classificação pelo método do TWINSPAN de duas áreas de Caatinga no nordeste do Brasil, com respecti-
vos autovalores. 

Figura 3. 	Density distribution (ind ha-1) and basal area (m2 ha-1) and species richness by diameter class (cm) in 
areas of preserved Caatinga and regeneration in the Northeastern of Brazil.

Figure 3. 	Distribuição da densidade (ind ha-1) e área basal (m2 ha-1) e riqueza de espécies por classe diamétrica 
(cm) em áreas de Caatinga preservada e em regeneração no Nordeste do Brasil. 

In both areas, only four species contributed >50% of the value of importance. Among these, Croton 
argyrophyllus and Schinopsis brasiliensis contributed to the density of the preserved area and Senegalia 
bahiensis and Zanthoxylum sp. to the density of the regenerating area. Only Croton argyrophyllus and 
Poincianella pyramidalis differed significantly between areas in the distribution by diameter class. 
For Croton argyrophyllus, this difference was concentrated in the first three class intervals, whereas 
this occurred in the second and fourth class intervals for Poincianella pyramidalis (Figure 4A and 
B); which may be associated with differences in age of the individuals in the two areas since these 
species are considered as pioneer species after disturbances (PEREIRA et al., 2001) and show a more 
immediate response mainly by number of individuals.
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Figura 4. 	Density by diameter class (cm) of the species with the highest importance value (VI) in the areas of pre-
served Caatinga (A) and regeneration (B) in the Northeast of Brazil (Kolmogorov-Smirnov test for species 
among areas, *p > 0.05).

Figure 4. 	Densidade por classe de diâmetro (cm) das espécies com maior valor de importância (VI) das áreas de 
Caatinga preservada (A) e em regeneração (B) no Nordeste do Brasil (Teste de Kolmogorov-Smirnov, por 
espécie entre áreas, * p > 0,05). 

The densities of the trees in the Caatinga areas were limited by less favorable conditions of 
(diameter at ground level > 3 cm) between 1,000 and 3,000 ind ha-1 and basal area between 10 and 
30 m2 ha-1, and these estimates are heavily influenced by the inclusion criteria adopted, thereby 
complicating comparisons between areas (SAMPAIO, 2010). However, these values of density 
and basal area include those found in the study area, as well as in other areas of Caatinga of 
Northeastern Brazil (PEREIRA et al. 2003; ANDRADE et al. 2005; MOREIRA et al. 2007; DANTAS et 
al. 2010; CALIXTO; DRUMMOND, 2011; FERRAZ et al., 2014), regardless of the inclusion criteria, 
the successional stage, or history of vegetation usage. These results indicate that the magnitude of 
these values is so large that all kinds of dry vegetation can be included in the structural interval, 
independent of modifying variables. 

The concentration of the density in a few species in the two study sites is found in TDF in general 
(SAMPAIO, 1995; MIZRAHI et al., 1997; BONINO; ARAÚJO, 2005; FERRAZ et al., 2014), which 
emphasizes the simplicity of the structure and diversity as inherent characteristics of vegetation of 
the semi-arid region of northeastern Brazil.

The density of Zanthoxylum sp. in the regenerating area was not expected since human 
interventions in the Caatinga provide for rapid establishment of pioneering species such as Croton 
and Mimosa genera (SAMPAIO, 2010). However, according to Hubbell (1979), the relationships 
between pioneering species of disturbed areas cannot be seen as predictable as they are linked to 
stochastic processes, as well as to the dispersion of the main mechanisms that control the arrival 
and density of these species in the community (HUBBELL, 2006). These observations reinforce the 
need for dynamic studies of communities and biology of these key species of the Caatinga so that 
the speed of recovery after disturbance and successional changes can be better discussed.

Differences in density and basal area of species between the two areas may indicate that, after 30 
years of regeneration, no quantitative recovery of the community structure is observed, in contrast 
to the forecast of rapid reestablishment of dry forests after disturbance (MURPHY; LUGO, 1986). 
Moreover, the similar diameter distribution between two areas indicates that the recovering area is 
regenerating a capacity for self-regeneration. However, Quesada et al. (2009) brought attention to 
the fact that these forecasts were based on speculation with little empirical evidence, stating that, 
for more concrete conclusions regarding the speed of recovery of TDF, further detailed studies on 
the type of reproduction of the species and space occupation strategies (dispersion, regrowth) upon 
different types of disturbances and successional stages are required.

CONCLUSION

The regeneration of an area after 30 years of abandonment presented a diversity of species similar 
to that of the preserved area; however, species richness, density, and basal area had not yet recovered.

The floristic composition of the regeneration area differed from the preserved area.
The similarity in diameter distribution between areas indicated that the regenerating area is 

recovering its capacity for self-regeneration.
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