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Abstract 
 
Changes in the structure of the vegetation reflect on the biodiversity and dynamics of the ecosystem. The objective of the study 
was to characterize and compare the structure of fragments of vegetation with the occurrence of Platonia insiginis, in different 
stages of regeneration, with 6, 10, 25 and 100 years of fallow period in western Brazilian Amazon. The study was conducted in a 
completely randomized design, with four treatments, consisting of 6, 10, 25 and 100 years of fallow period, and five replications, 
consisting of demarcated temporary plots for each fallow period, with dimensions of 2 m x 2 m for the regenerating stratum of 
vegetation and 10 m x 10 m for the adult stratum of vegetation. Phytosociological parameters evaluated were number of 
individuals and species, total density, total height, stem diameter and Shannon DiversityIndex (H’), Pielou Equability (J) and Jaccard 
Similarity Index (JSI). The data were subjected to the Analysis of Variance, followed by the Tukey Test (p <0.05) and Principal 
Component Analysis. There was low species diversity for the sampled areas, with (H’) rates ranging from 0.65 to 2.46 nats ind

-1
.  

The vegetation fragments with 100 years of fallow period showed a floristic similarity of 10% with the others, while those of 6 and 
10 years of fallow period, reached similarity of 40%. For the regenerating strata only, the number of individuals and total density 
differed, with the lowest averages, respectively, of 5 and 1,400 individuals ha

-1
 at 100 years of fallow period. For the adult strata, 

there was a difference between all parameters corroborating the results obtained in the Principal Component Analysis, at 100 years 
of fallow period, a lower average was obtained for the number of individuals (7), and higher averages of plant height (22.1 m) and 
diameter at breast height (36.45 cm). As conclusion, the time required for the complete natural regeneration of secondary 
vegetation fragments in the Brazilian Amazon is over 100 years. 
 

Keywords: Biodiversity; Natural regeneration; State of Maranhão; Succession; Secondary vegetation. 
Abreviations: Total height_ALT; Total density_TD; Diameter at breast height_DBH; Diameter at soil level_DSL; Shannon diversity 
index_H’; Pielou equability index_J; Índice de Jaccard similarity index_JSI; Unidentified species 1_N1; Unidentified species 2_N2; 
Number of species_NSPP; Number of individuals_NI. 
 
Introduction 
 
The Amazon biome has approximately 6.9 million km

2
. It is 

the largest and most important global biodiversity repository 
(Cardoso et al., 2017), and is recognized worldwide for 
providing intangible ecosystem services to humanity and 
essential to the planet's balance (Castro and Andrade, 2016). 
However, despite the worldwide relevance, anthropogenic 
disturbances are constant, particularly the advance of 
deforestation over primary forest areas and the reduction of 
years of fallow period over secondary forest formations 
(Ribeiro Filho et al., 2013). These disturbances have 
compromised the ecological balance in the Amazon over the 
years (Andrade et al., 2017). 

In general, changes in vegetation structure under the 
Amazon biome have been reflected in its biodiversity, 
functioning and dynamics, with potential damage to cultural 
diversity and local economic sustainability (Zhang et al., 
2018). Therefore studies are increasingly needed to 
understand its conservation and management based on the 
species ecological importance, their functions and 
interdependent relationships between individuals during the 
process of ecological succession (Dionisio et al., 2016). 
Dense and diverse natural populations of Platonia insignis 
Mart. (Clusiaceae), are concentrated in the Western 
Brazilian Amazon secondary forest in different stages of 
regeneration. P. insignis is a native forest species of Brazil, 
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popularly known as bacurizeiro which has socioeconomic 
importance particularly between the North and Northeast 
regions of the country where it is abundant (Pontes et al., 
2017). P. insignis fruits are considered noble for their 
organoleptic characteristics and high nutritional value, which 
justify the wide market acceptance for both in natura 
consumption and industrialization (Santos et al., 2019). It is 
noteworthy that many fruit species have been widely 
recognized for multifunctionality within agroecosystems, as 
they simultaneously contribute to farmer income, provide 
food security, conserve biodiversity and favor ecosystem 
services (Barrios et al., 2018). In addition, the spontaneous 
occurrence of potential species in secondary vegetation 
enables farmers to practice selective mowing, thus 
enhancing secondary vegetation importance by making it a 
productive component of the agroecosystem (Souza et al., 
2010). Complete regeneration of secondary vegetation 
occurs in several succession stages, with different floristic 
and structural compositions and requires long fallow periods 
for biomass and nutrient accumulation, as well as for 
recovery of natural soil fertility (Silva et al., 2015). Thus, 
secondary vegetation from anthropogenic disturbances has 
been the object of study given the importance of 
understanding the functioning, dynamics and distribution of 
plant communities over time and space. In this context, the 
objective of this study was to characterize and compare the 
structure of vegetation fragments with the occurrence of 
Platonia insiginis, under Brazilian Amazon, in different stages 
of regeneration, with 6, 10, 25 and 100 years of fallow 
period.  
 
Results 
 

Composition, diversity and floristic similarity of secondary 
vegetation fragments with Platonia insignis Mart. at 
different years of fallow period 
 
In total, we identified 363 living individuals. From these, 190 
from 50 species and 38 families were observed in the 
regenerating stratum, and 173 from 37 species and 28 
families were recorded in the adult stratum (Table 1). We 
observed a greater species diversity in the regenerating 
stratum with 25, 100 and 10 years of fallow period (from 
now on, YFP), with Shannon Diversity Index (H') of 2.46; 2.36 
and 2.15 nats.ind

-1
 respectively. There was a greater 

abundance of P. insignis individuals in the adult stratum. 
However, the estimated species density was higher in the 
regenerating stratum, except for the 100 YFP (Table 2).  
Based on the total sampling of 42 species, considering 
regenerants and adults, there was low floristic similarity 
between the areas, with the Jaccard Similarity Index (JSI) 
ranging from 10 to 40%. The 100 YFP was similar in only 10% 
to the 6, 10 and 25 YFP, while the younger 6 and 10 YFP 
were more similar to each other, with 40% JSI.  Despite the 
different stages of development, the areas with 6, 10 and 25 
YFP were grouped and showed a floristic similarity of 30% 
(Figure 1). 
 
Effect of years of fallow pereiods on the number of 
individuals, number of species, total density, total height 
and stem diameter in secondary vegetation fragments, 
with occurrence of P. insignis  
 

The Principal Component Analysis (PCA) results showed that 
the total data variation for the attributes number of 
individuals, number of species, total density, total height, 
stem diameter at soil level and at breast height is explained 
in 90.5 % and 85.34% for the two main components, 
respectively, for the regenerating (Figure 2A) and adult 
(Figure 2B) strata of the sampled vegetation fragments. 
The PCA also showed the interrelationships between the 
parameters density, diameter and height for both strata, 
indicating that sample units with a high number of 
individuals per area tend to have smaller values of diameter 
and height. It is also worth highlighting the tendency that 
the greater the number of individuals sampled, the greater 
the number of species, until the inflow of new species 
stabilizes. 
For the regeneratoin stratum of the sampled fragments, the 
PCA showed high values of association between stem 
diameter and plant height with the 10 YFP, while the highest 
values of number of individuals, density and number of 
species were associated with the 6 year fallow period. For 
the adult stratum, high values of diameter and height were 
associated with the 100 years fallow period, while the 
highest values of number of individuals, density and number 
of species were associated with the 25 YFP. 
Only the mean values of the parameters number of 
individuals and total density differed statistically among YFP 
for the regenerating stratum of vegetation. The lowest 
averages of these attributes were observed in the 10 and 
100 YFP. All evaluated parameters differed statistically 
between fallow times for the adult vegetation stratum. The 
highest averages of height (m) and diameter at breast height 
(cm) were observed in the 100 YFP, but the highest means of 
number of individuals, total density and number of species 
were obtained in the 25 YFP (Table 3), in accordance with 
the trends exposed in the PCA. 
 
Discussion 
 
Composition, diversity and floristic similarity of secondary 
vegetation fragments with Platonia insignis Mart  
 
The total number of 363 individuals from 42 species and 24 
families in the regenerating and adult strata sampled in 0.2 
ha of secondary vegetation in the Brazilian Amazon biome, 
differed from the values reported in similar research in the 
same biome. Guimarães et al. (2016), sampled 565 
individuals from 74 species and 33 families in a floristic and 
phytosociological survey in 0.5 ha, with 40 years of 
abandonment, in the municipality of São Francisco do 
Iratapuru, state of Amapá, northern Brazil. Similarly, Coelho 
et al. (2003), identified 487 individuals from 18 species in a 
0.04 ha fragment with 4 YFP, 758 individuals from 30 species 
in 0.12 ha with 8 YFP and 2549 individuals from 73 species in 
0.12 ha with 12 YFP. 
Variations in the number of individuals, species and families, 
even under similar types of vegetation cover, may be 
explained by differences in the floristic composition 
structure, which is related to the period and management of 
the sampled fragments. The selective mowing, previously 
practiced in the 6, 10, 25 and 100 YFP, contributed to the 
high abundance of P. insignis species, and consequently, to 
low species diversity in the areas (Table 2).  
Of the 363 individuals sampled in 0.2 ha of the Brazilian  
Amozon, 132 (36%) were identified as P. insignis. In contrast,  
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Fig 1. Map of study areas in the state of Maranhão, western Brazilian Amazon. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Floristic similarity dendrogram from the Jaccard Diversity Index between the regenerating and adult strata of natural 
fragments of Platonia insignis Mart., with 6, 10, 25 and 100 years of fallow periods, in the state of Maranhão, western Brazilian 
Amazon (Cophen. Corr .: 0.99) 
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Fig 3. Principal Component Analysis (PCA) of the attributes such as number of individuals (NI), number of species (NSPP), total 
density (DT), total height (ALT) and diameter at soil level level (DNS) in the regenerating stratum (A) and at breast height (DBH) in 
the adult stratum (B) of vegetation fragments with Platonia insignis Mart. with 6, 10, 25 and 100-year-old fallows in the state of 
Maranhão, western Brazilain Amazon. 
 
 
Table 2. Species diversity and equability; number of individuals, abundance and density estimate of Platonia insignis Mart. in 
secondary vegetation fragments with 6, 10, 25 and 100-year-old fallows in the state of Maranhão, western Braziliam Amazon  
Fallow age. 

 Sampling areas  
H’ 

 

 
J 
 

 
        NI 

 

Abundance of    P. 
insignis                

 
P. insignis/ha 

 

(years) (m
2
) (nats ind 

-1
)  ----------unity-----------  

Secondary vegetation regenerating stratum   

6 20 1.67 0.87 65 31 15,500 
10 20 2.15 0.87 33 2 1,000 
25 20 2.46 0.87 64 9 4,500 

100 20 2.36 0.95 28 0 0 

Secondary vegetation adult stratum   

6 500 1.88   0.81  37 11 220 
10 500 0.65   0.47   31  25 500 
25 500 1.66   0.69   69  35 700 

100 500 1.72    0.69   36  19 380 
          H’: Shannon Diverity Index, J: Pielou Equability Index, NI: number of indivíduals 

 

A 

B 
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Table 3. Distribution of average values of number of individuals, number of species, total density, total height, stem diameter at soil 
level in regenerating and adult strata of secondary vegetation fragments with occurrence of Platonia insignis Mart. with 6, 10, 25 
and 100 years of fallow period in the state of Maranhão, western Brazilian Amazon.  

Regenerating stratum  
Fallow period NI NSPP TD ALT DSL 

(years) -------------unity----------- (ind.ha 
-1

) (m) (cm) 

6 13 a (2.12) 4 a (0.89) 32,500 a (5,303) 0.9 a (0.312) 0.8 a (0.15) 
10 6 b (1.82) 4 a (1.00) 16,500 ab (4,541) 1.2 a (0.652) 1 a (0.68) 
25 12 a (4.32) 6 a (3.51) 32,000 a (10,811) 0.6 a (0.497) 0.7 a (0.41) 

100 5 b (5.27)  3 a (2.28) 14,000 b (13,181) 1.6 a (0.554) 1.7 a (1.02) 
CV (%) 38.78 48.81 38.78 42.87 59.68 

Adult stratum 
Fallow periods NI NSPP TD ALT DBH 

(years) -------------unity----------- (ind.ha 
-1

) (m) (cm) 

6 7 b (3.97) 3 ab (1.3) 740 b (397) 6 b (0.912) 9.3 b (1.52) 
10 6 b (1.3) 2 b (0.707) 620 b (130) 9.8 b (3.77) 11.8 b (3.09) 
25 13 a (3.9) 4 a (1.67) 1380 a (390)  6.7 b (0.385) 11.07 b (3.37) 

100 7 b (1.3)  3 ab (1.14) 720 b (130) 22.1 a (4.66) 36.45 a (7.59) 
CV (%) 33.9 38.03 33.9 26.69 26.18 

 NI: number of individuals, NSPP: number of species, TD: total density, ALT: total height, DSL: diameter at soil level, DBH: diameter at breast height. * Values in parentheses correspond to standard 
deviation (SD), CV (%): coefficient of variation. Means followed by the same letter did not differ statistically by Tukey's test (p ≤ 0.05). 

 
 
Carim et al. (2015) sampled 5,233 individuals in a preserved 
forest area of 14 ha located at the municipality of Laranjal do 
Jari, state of Amapá, northern Brazil, and from these, only 24 
individuals (0,45%), were from of P. insignis. 
The opposite was observed for species diversity. The 
Shannon Diversity Index (H') values were very low in this 
study, ranging from 0.65 nats ind

-1
 in the adult stratum with 

10 YFP, to 2.46 nats ind
-1

 in the regenerating stratum with 25 
YFP, while Carim et al. (2015) obtained H' of 4.16 nats ind

-1
. 

Few studies have evaluated the regenerating stratum of 
vegetation fragments due to the difficulty of species 
identification. However, regarding the floristic diversity, high 
species diversity is considered for any type and stratum of 
vegetation when the H' values range from 3.83 to 5.85 nats 
ind

-1
 (Knight, 1975). 

The low floristic similarity observed between the secondary 
vegetation fragments, despite selective mowing 
management. It may be explained by the different stages of 
ecological succession of the fragments, since those 
considered in the initial succession stage, with 6 and 10 YFP, 
showed higher similarity (JSI = 0.4). The high abundance of P. 
insignis, with 113 individuals, (37.79%) of the 299 individuals 
sampled between the vegetation strata with 6 and 10 YFP 
(Table 2) favored the grouping and floristic similarity 
between the secondary vegetation of these two fallows (ISJ 
= 0.3). 
On the other hand, in addition to the advanced stage of 
development, the association of higher values of plant 
height and stem diameter in the adult stratum of vegetation 
with 100 YFP (Fig. 2) contributed to a lower number of 
sampling individuals and species, which detracted from the 
floristic similarity between fallows with younger ages. 
According to Felfili and Resende (2003), only values above 
50% indicate high similarity. The low floristic similarity 
between the mid-secondary vegetation fragments, despite 
selective field management, may be explained by the 
different stages of ecological succession of the fragments, 
since those considered in the initial succession stage (6 and 
10 YFP), had higher floristic similarity (JSI = 0.4).  
Our results corroborate those of Coelho et al. (2003), who 
also described low similarity between the fragments with 12 
and YFP (50%), highlighting the greater floristic similarity 

(70%) between the fragments with close in age, 8 and 12 
YFP.  
Concerning the sampled families in all fallow periods, only 
Clusiaceae was common to the regenerating and adult strata 
of the vegetation. This result corroborates other 
phytosociological studies carried out in secondary 
vegetation environments under the Amazon biome such as 
those reported by Coelho et al. (2003), and Guimarães et al. 
(2016). 
 
Effect of fallow period on the number of individuals, 
number of species, total density, total plant height and 
plant diameter, in secondary vegetation fragments, with 
occurrence of P. insignis  
 
According to our results, we infer that fallow period may 
influence vegetation structure, since the attributes number 
of individuals (NI), number of species (NSPP), total density 
(TD), plant height (ALT), stem diamenter at soil level (DSL) 
and diameter at breast height (DBH) are interrelated (Fig. 2A 
and 2B) and our research results varied significantly among 
the years of fallow periods (Table 3).  
For the regenerating stratum of vegetation, higher means of 
NI and TD were obtained with the 6 and 25 YFP. These 
results are justified by the abundance of natural shoots of P. 
insignis, in the fragment with 6 YFP, with 31 individuals of 
the species, (47.6% of the 65 individuals sampled). The high 
occurrence of regenerating individuals in 25 YFP indicates an 
incomplete regeneration of the fragments and suggests that 
the areas still receive local management, even with less 
intensely. For the adult stratum of vegetation, the highest 
DBH and ALT averages were obtained at 100 YFP, which was 
expected not only by its fallow period but also by the 
expressive occurrence of P. insignis. The lowest NI and TD 
averages were observed in the 6, 10 and 100 YFP, 
corroborating the results obtained by Principal Component 
Analysis (PCA), which related higher plant heights and stem 
diameters to the smaller number of individuals and species, 
and the tendency that the greater the number of individuals 
sampled the greater the number of species, until the inflow 
of new species stabilizes. The initial stage of secondary 
vegetation development of with 6 and 10 YFP justifies the 
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lower occurrence of adult individuals in relation to 
secondary vegetation with 25 YFP (Table 3). 
Coelho et al. (2003) exposed the same pattern of influence 
of fallow period on plant height and stem diameter in the 
municipality of Bragantina, state of Pará, northern Brazil, 
even in fragments in the initial succession stage. The authors 
described mean diameters of 1.3; 2.4 and 2.5 cm for the 4, 8 
and 12 YFP, respectively, and average heights of 1; 4.3 and 
4.9 m for 4, 8 and 12 YFP, respectively.  
It can be inferred that although the 100 YFP favored the 
vegetation structure compared to the 6, 10 and 25 YFP, the 
low species diversity of the oldest fragment (Table 2) 
indicates that the time required to complete secondary 
vegetation natural regeneration in the Brazilian Amazon 
biome is over 100 years. 
 
Materials and methods 
 
 Study site 
 
The state of Maranhão Amazon biome is located in the 
Estern Brazilian Amazon. It has a territorial extension of 
138.551,765 km

2
 (Zee-MA, 2019). The climate is sub-humid, 

with annual average temperature of 27 °C, annual relative 
humidity of 82% and rainfall amount varying from 1900 to 
2300 mm per year. There is a predominance of secondary 
vegetation, Savannah Park, pioneer formation with marine 
influence and urban influence. The predominant soil classes 
are Argissol Petric Yellow Red, Quartzarenic Neosol and 
Yellow Latosol (Nugeo, 2019). 
We selected four mid-secondary succession areas in 
different stages of regeneration in the state of Maranhão 
Amazon. From these, two were in early stage of succesion. 
The first, with 6 years of fallow period (from now on, YFP) 
(02

o
 55' 40” S and 44

o
 03' 54” W) and the second, with 10 

YFP (02
o
 56' 04" S and 44 º14' 06" W) located the 

municipalities of Presidente Juscelino and Rosário, 
respectively and the other two were in advanced stage of 
succesion, with 25 YFP (02° 51 '50" S 44° 02' 20" W) and 100 
YFP (02

o
 59 '131.8” S and 44

o
 05' 39.3" W), located in the 

municipalities of Morros and Presidente Juscelino, 
respectively (Fig. 1).  
The study areas were selected with the help of local 
extractivist farmers who practices selective mowing to 
conserve fruit trees of spontaneous occurrence, particlularly 
those of P. insignis. According to extractivist farmers, they 
preserve natural sprouts and productive adult trees of this 
species for consumption and marketing, as an income 
generation strategy.       
 
Vegetation structure  
 
The secondary vegetation fragment structure and 
composition with occurrence of P. insignis with the 6, 10, 25 
and 100 YFP were determined by the plot method, with plot 
sizes of 10 m x 10 m for the adult stratum and 2 m x 2 m to 
the regenerating stratum. We established five temporary 
plots for each fallow age. We counted and identified all 
living individuals within the plots. Thereafter, we measured 
the stem diameter of the plants at the soil level (DSL) ≤ 5 cm 
for the the regenerating stratum, and the diameter at breast 
height (DBH) ≥ 5 cm, for the adult stratum. 
The phytosociological parameters evaluated were number of 
individuals, number of species, total height, stem diameter 
total density, the Shannon Diversity Index (H') and the Pielou 

(J) Equability Index (Mueller-Dombois & Ellenberg, 1974). 
Data processing was performed using the FITOPAC 2.1.2 
software (Shepherd, 2009). To verify the floristic similarity 
between the areas, we used the Jaccard Similarity Index 
(ISJ), with elaboration of matrices based on the presence 
and absence of species in the sample units. The resulting 
floristic similarity matrix was used for cluster analysis by the 
unweighted arithmetic mean method (UPGMA) and 
generation of a dendrogram using the PAST® version 3.11 
software (Hammer et al., 2016). 
An extractivist farmer contributed with the common name 
indication of the plant species sampled. The species were 
identified and pressed to make exsiccates and forwarded to 
the Rosa Mochel Herbarium, located at the Maranhão State 
University at São Luís. The classification system adopted for 
the families and species was the Angiosperm Phylogeny 
Group IV (APG IV, 2016). 
 
Experimental design and statistical analysis 
 
The experiment was set up in a randomized complete 
design, with four treatments represented by the four fallow 
ages with five replications, totaling 40 sample units. The 
number of individuals (NI), number of species (NSPP), total 
density (TD), total height (ALT), stem diameter at soil level 
(DSL), and stem diameter at breast height (DBH) attributes 
were evaluated using the Principal Component Analysis 
(PCA) by the PAST® software version 3.11 (Hammer et al., 
2016). Field data were also submitted to Analysis of Variance 
(ANOVA) and the means were compared by Tukey’s test (p 
<0.05), using Statistica 7.0 software (Statsoft, 2004). 
 
Conclusions 
 
The years of fallow period influenced the secondary 
vegetation composition and structure with occurrence of P. 
insignis in the state of Maranhão, western Brazilian Amazon; 
however, selective mowing management in the studied 
fragments contributed to the abundance of P. insignis and 
favored greater floristic similarity between vegetation 
fragments in early stage of succesion (40%). The Principal 
Componente Analysis associated high values of plant height 
and stem diameter to lower density, as well as high number 
of individuals to larger number of species per area. The 
fallow time required for complete natural regeneration of 
mid-secondary vegetation in the state of Maranhão, western 
Brazilian Amazon biome is over 100 years. 
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