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INTRODUCTION 

  

 Brazil is the main producer of tropical sawn timber, while at the same time it is possible to note the decline of tropical timber production in countries such as 

Indonesia and Malaysia (SILVA et al., 2012). The main production pole of this type of timber in Brazil is found in the Amazon region, and one of the main states 

that provide the raw material is the state of Pará. In 2014, for instance, the System for Forest Transportation Control (SISFLORA) recorded the trade of 

approximately 3.2 million cubic meters of timber logs in the state of Pará (SFB, 2014).  

 In addition, species that were previously little logged are being more available in the market due to the shortage of some species that were intensively logged 

in the past and had become less abundant in the forests of the region (OLIVEIRA and AMARAL, 2005). One of the species that has increased in importance in the 

current scenario is Eschweilera coriacea(DC.) S.A. Mori, which belongs to the Lecythidaceae family, is among the most abundant families in the Amazon region 

(MORI, 1990). In recent years, this species has been allowed for logging by the Department of Environment of the State of Pará.  

 The genre Eschweilera is hyperdominant in the Amazon region and it represents great ecological and economical value, besides it is the most abundant and 

has potential to forest management (GIMENEZ et al., 2017).  

Abstract 
 
Background: The forest logging, even under good management practices, changes the structure and composition of the 
forest. It can be a risk for several species, with and without commercial use. Therefore, there is a need to understand the 
dynamics of different species to cause less impact in the forest succession after logging. Objective: This study aimed to 
evaluate the diameter structure, basal area, diameter increment and, the spatial distribution of trees in a native forest 
emphasizing on Eschweilera coriacea, before and after logging. Methods: The study was conducted at Fazenda Rio Capim, in 
Paragominas, state of Pará, in 108 ha of a terra firme rain forest. Data collecting occurred before (2003), and after logging 
(2007 and 2011) in 24 permanent plots of 0.25 ha, being 12 plots unlogged forest (T0) and the other 12, logged forest (T1). 
All trees with diameter at breast height equal or above 10 cm were evaluated. Results:The species E. coriacea had high 
importance value index in the three assessments and in the two treatments tested the diameter distribution of both tree 
community and the species population followed the reverse J-curve pattern. The Liocourt Quotient (q) for the tree 
community in T0 ranged from 2.03 to 2.07 and 1.98 to 2.05, in T1. However, for E. coriacea, the "q" ranged from 1.72 to 2.00 
in T0 and from 1.80 to 2.05 in T1. The basal area of the tree community increased in T0, decreased in T1 in 2007, followed 
by an increase in 2011 and, the E. coriaceabasal area increased in T0 and T1 in the periods evaluated. No differences were 
detected between basal areas of the tree community or E. coriacea in the treatments/years. The diameter increment of E. 
coriacea was higher in T1, the spatial distribution of E. coriacea trees in both treatments was grouped. Logging did not cause 
changes in the tree community, although it favored the E. coricea growth. The special distribution of E. coriaceain both 
treatments were aggregated. Conclusion: The forest logging did not offer changes to the trees community according to the 
variables. There was no significant difference between the treatments and within them, certainly, the method of 
management applied to the area was adequate for that type of forest. Furthermore, the logging in T1 treatment favored the 
growth of E. coriaceathat were higher than in T0.   
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 E. coriacea, popularly known as Matamatá-branco, occurs in the Amazon region in both terra firmerain forest and periodically flooded forests, and it also 

can be found in The Guianas, Venezuela, and Colombia. This species has got adult individuals of 15-35 m of height, nearly dense and circular crowns, erect and 

cylindrical trunk of 50-90 cm in diameter, very heavy wood (density of 0.90g/cm³), medium-textured, straight-grained, highly resistant and high natural durability 

(MOUTINHO, 2008; LORENZI, 2009).  

 Moreover, the fragility of the forest ecosystems in the Amazon Biome indicates the priority of knowing the composition and distribution of plant species to 

plan the management and conservation of native flora (Oliveira et al., 2008). 

 In this context, this study aimed to analyze the diameter structure and the basal area of a native terra firme forest, with emphasis on individuals of E. 

coriacea as well as the growth and spatial distribution of this species before and after reduced impact logging, in the municipality of Paragominas, Pará state.  

 

MATERIAL AND METHODS 

 

Characteristics of the area: 

 The municipality of Paragominas has an area of 19,342,254 km2 and it is located about 320 kilometers from Belém, capital of Pará (IBGE, 2016). It is in the 

northeastern mesoregion of Pará between the coordinates of 02° 25' - 04° 09' S and 46° 25' - 48° 54' W. The climate is defined as Aw (hot and humid) according to 

Köppen classification, with annual precipitation and temperature averages of 1,800 mm and 26.3° C, respectively, and air relative humidity of 81% (BASTOS et 

al., 2005). The main soils found in the region are Yellow Latosols, Yellow Argisoils, Plinthosols, Gleissolos and Neossolos (RODRIGUES et al., 2003).  

 The study was conducted in the Work Unit No. 02, with 108 ha, of the Annual Production Unit No. 07 of the Forest Management Unit of Rio Capim, which 

belongs to Cikel Brasil Verde Madeiras Ltda., Paragominas, Pará state (FRANCEZ et al., 2009). According to IBGE (2012), the vegetation of the study areas 

classified and characterized as dense ombrophilous forest. 

 In the experimental area (108ha), 36 permanent plots of 50 m x 50 m (0, 25ha) were installed and distributed as follows: 12 in the unlogged forest (treatment 

T0) and 24 in logged forest (treatments T1 and T2). In T1 there was only stem harvesting, while in T2 there was stem harvesting plus coarse woody debris 

harvesting (FRANCEZ et al., 2009). In the present study, only T0 and T1 were considered, therefore 24 plots, which is equivalent to a total 6 ha sample.  

 

Characterization of the data collector system: 

 All trees with a diameter measured at 1.30 m above the ground (DBH) > 0.10 m were identified and measured. Field methodology followed 

recommendations proposed by Silva et al. (2005). Data collection took place on three occasions: before (2003) and after logging (2007 and 2011). Logging was 

carried out in November 2003, when 17 timber commercial species were harvested (Apeiba albifloraDucke, Bombax globosumAubl., Brosimum acutifoliumHuber, 

B. guianense(Aubl.) Huber, Caryocar villosum(Aubl.) Pers., Copaifera multijugaHayne, Couratari spp., Euxylophora paraensisHuber, Jacaranda copaia(Aubl.) 

D.Don, Laetiaprocera(Poepp.) Eichler, Lecythis pisonisCambess, Manilkara huberi(Ducke) A.Chev., M. paraensis(Huber) Standl., Parkia gigantocarpaDucke, 

Pseudopiptadenia suaveolens(Miq.) J.W.Grimes, Simarouba amara Aubl. and Swartzia grandifoliaBong. ex Benth.). 

 

Characteristics of the variables evaluated: 

 Phytosociological parameters were evaluated regarding Abundance (%Ab), Frequency (%Fr), Dominance (%Do) and Importance Value Index (IVI) (Curtis 

and Mclntosh, 1951) of E. coriacea in both treatments (T0 and T1) in 2003, 2007 and 2011. 

 Diameter distribution considered the number of individuals by diameter classes both for the tree community as well as for E. coriacea using the Sturges' 

formula:    
 

 
                          (IC = interval between the classes; K=number of classes; H=amplitude between the largest and smallest 

diameter; N=total number of individuals; dmax=maximum diameter; dmin=minimum diameter) (SPIEGEL, 2006). Thus, the numbers of individuals were distributed 

into 10 classes of diameter (in meters): C1: 0.100.21; C2: 0.210.33; C3: 0.330.44; C4: 0.440.56; C5: 0.560.67; C6: 0.670.78; C7: 0.780.90; C8: 

0.900.101; C9: 0.1010.113; e C10: 0.1130.124.  

 Diameter distribution was analyzed considering the concept of a balanced forest, where the linearized Meyer distribution model was adopted      
                 , in which: Ln = neperian logarithm; Yi = absolute frequency of the diameter class(i) per area; X i = value of the diametric class(i); and ß0 ß1 

= model coefficients to be estimated; Ɛi = stochastic error (CAMPOS et al., 1983).  

 After adjusting the distribution function, it was possible to calculate the Liocourt quotient (q) for the tree community and for the species E. coriacea, by 

treatment and by occasion, through the ratio between the frequencies of any diameter class (X i) and diameter class immediately above (Xi+1). To achieve this, the 

following formula was employed:                             . With the value of "q", it was possible to generate regression curves between the frequencies 
observed and estimated. Analyses were performed using simple linear regression. 

 The basal area was analyzed for both the tree community and the E. coriacea, considering the different treatments (T0 and T1) and occasions (2003, 2007 

and 2011). Diameter increase of the species was calculated in two distinct periods of four years (2003-2007; 2007-2011) an eight-year period (2003-2011), by the 

Periodic Increment (PI) and Periodic Annual Increment (PAI).  

 The spatial distribution pattern of the E. coriacea individuals was determined by the Morisita index in accordance to the recommendation of Brower and 

ZAR (1977), where values above 1.0 indicate aggregate distribution, equal to 1.0 indicate even distribution and below 1.0 indicate random distribution. 

 

Statistical analysis: 

 Comparisons of diameter distributions, basal areas and increments between and within treatments were performed by the Student's t-test when the data were 

normally distributed. When this assumption was not met, the comparisons between groups were processed by means of the Mann-Whitney U test. Data were 

expressed as mean and standard deviation when using the Student’s t-test or median (minimum-maximum value) when using the Mann-Whitney U test. Data 

normality were performed using the Kolmogorov-Smirnov test.  

 Data were processed using the software Microsoft Office Excel 2010. Statistical analysis was performed with the aid of Microsoft Office Excel 2010 and the 

Statistical Package for Social Science for Windows (SPSS) version 20.0. 

 

RESULTS AND DISCUSSION 

 

Phytosociological analysis:  

 The number of species in T0 was similar during the measurements of 2007 and 2011; in T1, the number of species was different with an increase of 7 species 

in comparison with unlogged year (2003) obtained in 2011, 8 years after logging (Table 1). The changes observed in T1 may have occurred due to logging, 

considering that the number of species and individuals decreased in 2007 and then increased in 2011. In T0, there was a tendency of increasing only in the number 

of individuals. 

 When considering the number of individuals of E. coriacea in T0 and T1, 99, 100 and 102 individuals were observed in 2003 (T0: 57; T1: 42), 2007 (T0: 59; 

T1: 41) and 2011 (T0: 61; T1: 41), respectively. 

 Consequently, E. coriacea presented a few individuals very similar in T0 in the evaluated periods, with the relative abundance of 3.99%, in average. In T1, 

relative abundance was lower than in T0 with an average of 2.89%. The frequency in T0 was 3.91% in 2003, 3.92% in 2007 and 4.11% in 2011; in T1, it was 

lower (2.92%; 2.99% and 2.82%), which is due to smaller number of individuals compared to T0. In the unlogged area, relative dominance was also higher.  

 In T0, E. coriacea occupied the third place in the ranking of importance value index (IVI) in all measurements, and the highest IVI registered for the species 

was 13.3% in 2011. In T1, the species was placed in 5th place in 2003 and 2007 and 6th place in 2011, in this treatment, the highest IVI was 9.7% in 2007 (Fig. 1). 
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 Additionally, in a phytosociological analysis at Embrapa Western Amazon Phenological Park, in Manaus, Amazonas state, considering individuals with 

DBH ≥ 20 cm, E. coriacea was the most abundant species (24 individuals) with highest IVI in the area (24.86%) (SILVA et al., 2008). Other studies, such as those 

mentioned above, also highlight the high ecological importance of the species in relation to other species in the community.  

 

Table 1: Number of species (NS) and individuals (NI) in a 6 ha sample of unlogged terra firme forest (T0) and logged using reduced-impact techniques (T1) in 

Rio Capim Forest Management Unit, Paragominas, Pará state. 

YEAR T0 T1 

NS NI NS NI 

2003 225 1470 220 1448 

2007 222 1464 212 1378 

2011 222 1494 227 1474 

Legend: 2003 – before logging; 2007 – four years after logging; 2011 – eight years after logging. 

 

   
Legend: Relative Abundance (%Ab); Relative Frequency (%Fr); Relative Dominance (%D). 

 

Fig. 1: Importance value index (IVI) of E. coriacea in a 6 ha sample of unlogged terra firmeforest (T0) and logged using reduced-impact techniques (T1) at Rio 

Capim Forest Management Unit, Paragominas, Pará state. 

 

 Studies conducted in a dense ombrophilous terra firme forest in the municipality of Paragominas, Pará state, also considered E. coriacea as the species with 

the highest importance index (SOUZA et al., 2006). Individuals of this species play an important role in the floristic composition and structure of terra 

firmeforests in the Amazon and are vastly distributed throughout the biome (OLIVEIRA-FILHO and RATTER, 1995; OLIVEIRA, 2000). 

 Gama et al. (2005), studied tree species (DBH > 45 cm) in 1.45 ha in a floodplain forest in the municipality of Afuá, northern Pará state, and reported that the 

Virola surinamensis (Rol. Ex Rottb.) Warb., Eschweilera coriacea,andLicania macrophylla Benth presented the greatest IVI of the area. The authors classified E. 

coriaceaas a non-commercial species (due to lack of timber market), but with great benefit to the local people, used for building houses and boats.  

 Moreover, Lopes (2007) studied the populational structure of E. coriacea in three forest fragments in the municipalities of Aurora do Pará, Peixe-Boi, and 

Viseu and recorded that the adult specimens were abundant in all areas, with densities ranging from 32 to 52 ind. ha-1. Reis et al. (2014) observed a density of 

50.64 ind. ha-1 for E. coriacea in an 11 ha sample Embrapa Eastern AmazonExperimental area in the municipality of Moju, Pará state. 

 

Analysis of diameter distribution: 

 The diameter distribution of the tree community in both treatments followed the reverse J-curve pattern, with higher numbers of individuals in the smaller 

size classes and showing the smallest quantities in upper classes. This distribution pattern is a characteristic of uneven-aged tropical forests(LIMA and LEÃO, 

2013).  

 Five diameter classes lost individuals in T0 in 2003-2007 (four in C1, eight in C3, three in C5 and one in C8 and C10), four gained individuals (four in C4, 

three in C6, three in C7 and one in C9) and one kept the same number of individuals (C2). These changes resulted from natural forest dynamics implications, such 

as in growth and mortality since there was no logging in T0. However, in T1 during the 2003-2007, seven diameter classes lost individuals (49 in C1, seven in C2, 

four in C3 six in C5, two in C7, three in C8 and two in C10), two gained (two in C4 and one in C9) and one remained with the same number of individuals (C6). 

These results may suggest that the effects of logging have caused the reduction in the number of individuals by 70% of the sampled classes, which may have 

occurred because of fallen trees in the smaller classes and cutting of trees of larger diameter classes.  

 Souza et al. (2006) analyzed the floristic composition, horizontal structure and diameter distribution in 490 ha of unlogged terra firmedense ombrophylous 

forest in the municipality of Paragominas and observed that small trees in the smaller diameter classes characterized the diameter structure of the forest in the 

study area. The authors attributed these results to the ability of regeneration of plant species, typical of natural uneven-aged tropical forests.  

 Gonçalves and Santos (2008), in a study in the Tapajós National Forest, Pará state, also observed a high concentration of trees in the first classes of diameter 

(85% up to the limit of 35 cm), with an exponential reduction of this concentration in the sense of the larger diameter classes throughout the experimental area. 

 In the 2007-2011, an increase in the number of individuals in most classes (C1, C2, C3, C4, C5, C6, C8, and C9) of T1 was observed. Only class C7 recorded 

the loss of three individuals, one due to diameter growth and consequent ingrowth into the larger class(C8) and the other two by natural death. This balance 

between gain and loss of individuals in diameter classes suggests that the populations that are part of a determined tree community are constantly dynamic, 

especially in logged areas. 
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 Statistical analysis (p> 0,05) for the diameter distribution of the tree community did not reveal significant differences regarding to the number of trees in any 

class when the comparison between the same treatment for the different years was performed (T0-2003 x T0-2007; T0-2007 x T0-2011; T1-2003 x T1-2007; T1-

2007 x T1-2011), just as between different treatments for the same year (T0-2003 x T1-2003; T0-2007 x T1-2007; T0-2011 x T1-2011. 

 The diameter distribution of E. coriacea also presented more individuals in the first classes (C1 and C2), although with no representation in the larger classes 

(C7, C8, C9 and C10 in T0; C6, C7, C8, C9 and C10 in T1). The high density of small trees and absence of individuals in larger diameter classes may reflect an 

initial succession stage for the species. 

 Statistical analysis for the diameter distribution of E. coriacea did not register significant differences in the number of trees in any class, with the probability 

varying from 0.054 to 1.0. 

 The De Liocourt quotient (q) obtained for the whole tree community in the control area (T0) was q = 2.07 in 2003, q = 2.03 in 2007 and q = 2.07 in 2011. In 

the logged area (T1) the "q" in 2003 was q = 1.99. An increase of "q" four years after logging (q = 2.05 in 2007) was observed, revealing a slight disturbance in the 

distribution of individuals among the diametric classes, but this effect ended in 2011 (q = 1.98). There was no balanced structure in both T0 and T1 because there 

were fewer trees in some diameter classes, mainly in the intermediate classes (C2 to C9) (Fig. 2). 

 In primary forests, small diameter trees are found more frequently, different from the large diameter classes, which have a frequency distribution expressed 

by a relatively high “q” quotient (CAMPOS et al., 1983). When the De Liocourt quotient deviates from 1.0 ha, a greater number of young individuals occur and 

increase natural regeneration (CAMPOS and LEITE, 2009). 

 Reductions in the "q" value were observed in both treatments. In general, changes were observed in both treatments in all the years of measurement. The 

main changes in diameter classes occurred in C4 in T0 and C1 and C4 in T1 (Fig. 3). 

 

   
Legend: R2- R square; Sӯ- standard deviation of the mean; F- value of the calculated F test; ▲Y- observed value; ∆Y- estimated value; X- class center in meters 

(0.16; 0.27; 0.38; 0.50; 0.61; 0.73; 0.84; 0.95; 1.07; 1.18); 2003- before logging; 2007- four years after logging; 2011- eight years after logging. 

 

Fig. 2: Diameter distribution observed and estimated in the unlogged forest (T0) and reduced impact logged forest (T1) at Rio Capim Forest Management Unit, 

Paragominas, Pará state. 

 

Analysis of basal area of E. coriacea: 

 An increase in basal area of E. coriacea was noted, both in T0 (2003: 1.23m2/ha; 2007: 1.33m2/ha; 2011: 1.39m2/ha) and in T1 (2003: 0.89m2/ha; 2007: 

0.92m2/ha; e 2011: 0.96m2/ha) in the three assessments. Both treatments presented crescent basal area, thus suggesting that the dominance of the species was not 

influenced by logging. Therefore, there were no significant differences between the assessments and the treatments (p > 0.05), compared to the basal the tree 

community basal area (Table 2). 

 Vidal et al. (2002) highlighted that basal area growth was higher in a logged area, where reduced impact logging techniques were applied than in an area 

where no planned logging was performed. 
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Growth analysis of E. coriacea: 

 The periodic increment (PI) in T0 and T1 had significant differences in diameter in the 2003-2007 period, with T1 presenting the greatest results, indicating 

that the periodic increment in the managed area obtained practically two times more than the unlogged area four years after logging (Table 3). Four years after 

logging (2003-2007), E. coriacea reached the PAI of 0.2 cm.year-1 in T1. Similar results were found by Silva et al. (1995), who studied an area logged with 

reduced impact techniques in Tapajós National Forest in Pará state. Where fourteen of the twenty-two studied species were shade tolerant species and reached the 

PAI of 0.2 cm year-1 in a five-year period. Reis et al. (2016) reported the PAI of 0.27 cm year-1 for E. coriacea in a sixteen-year evaluation period. 

   
Legend: R2- R square; Sӯ- standard deviation of the mean; F- value of the calculated F test; ▲Y- observed value; ∆Y- estimated value; X- class center in meters 

(0.16; 0.27; 0.38; 0.50; 0.61; 0.73; 0.84; 0.95; 1.07; 1.18); 2003- before logging; 2007- four years after logging; 2011- eight years after logging. 

 

Fig. 3: Diameter distribution observed and estimated of E. coriacea in the unlogged forest (T0) and reduced impact logged forest (T1) at Rio Capim Forest 

Management Unit, Paragominas, Pará state. 

 

 This happened mainly because of canopy openness and greater availability of light for individuals previously shaded by dominant trees, leading to increase 

photosynthetic activity and consequently to increase forest growth rates. In the eight-year period (2003-2011), it was also observed a significant difference in 

diameter increment, with higher rates in T1. 

 Most studies on the dynamics of managed natural tropical forests have shown that the use of reduced impact logging has favored the growth of the remaining 

trees in the forest. This was reported by Taffarel et al. (2014), in a 700 ha natural terra firmeforest, which was logged using reduce-impact techniques and 

subjected to silvicultural treatments, in the municipality of Paragominas, Pará state. They considered trees with a diameter equal to or above 35 cm and found that 

the growth rates in diameter were higher than those in the unlogged area.  

 Costa et al. (2008) evaluating the diameter and volume growth rates of trees over the 1981-1997 period, in the Tapajós National Forest in the Brazilian 

Amazon, found that logging favored tree growth, and the trees that received full illumination grew more than those that received partial illumination or were 

completely shaded.  

 The periodic increment reduced in the logged area (T1) during 2003-2007 and 2007-2011, because of the canopy closing and consequently reduction of solar 

radiation in the understory.  

 Nemer and Jardim (2004) studied the diameter growth in a population of Eschweilera odora Miers in a terra firmeforest, in the municipality of Moju, Pará 

state, and observed a reduction in the periodic increment over time. The authors related this fact to increased interspecific competition for water, solar radiation, 

and nutrients, resulting in the characteristic densification of the succession in forest gaps. 

 The logging, whether using reduced impact techniques or not, can open gaps that favor germination and the development of many tree species leading to 

increasing the number of pioneer species, and these gaps promote competition, giving possibilities of modifying the relations among the individuals present in the 

area (FELFILIet al., 2011). 
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Spacial distribution of E. coriacea: 

 The spatial distribution pattern of the E. coriacea individuals in the study period, in both treatments, was clustered (> 1.0). There were no changes in the 

species dispersion pattern in the area (Table 4). 

 The same pattern was found by Oliveira and Amaral (2005) in 0.05ha of the understory of a terra firme forest in Central Amazonia, where the individuals of 

E. coriacea were found aggregate.  

 

Table 2: Basal area of the tree community and of E. coriacea population in the unlogged forest (T0) and reduced impact logged forest (T1) at Rio Capim Forest 

Management Unit, Paragominas, Pará state. 

 Treatment-Year Mean (standard deviation) p* 

Community 

Tree 

2003: T0 × T1 6.57 ± 0.87 × 6.57 ± 1.17 1 0.610 

2007: T0 × T1 6.61 ± 0.96 × 6.61 ± 1.32 1 0.351 

2011: T0 × T1 6.80 ± 1.11 × 6.80 ± 1.27 1 0.747 

T1: 2003 × 2007 6.79 ± 1.17 × 6.79 ± 1.32 1 0.231 

T1: 2007 × 2011 6.16 ± 1.32 × 6.16 ± 1,271 0.374 

E. coriacea, 2003: T0 × T1 0.23 (0.04 – 0.96) × 0.28 (0.02 – 0.50) 2 0.923 

2007: T0 × T1 0.27 (0.05 – 1.01) × 0.29 (0.02 – 0.52) 2 0.722 

2011: T0 × T1 0.28 (0.05 – 1.03) × 0.31 (0.03 – 0.52) 2 0.628 

T1: 2003 × 2007 0.27 ± 0.17 × 0.27 ± 0.17 1 0.906 

T1: 2007 × 2011 0.27 ± 0.17 ×0.29 ± 0.18 1 0.782 

Legend: 1 T test: average in cm ± standard deviation; 2 U Mann Whitney Test: average in cm (minimum-maximum value); p* (p < 0.05); 2003 – before logging; 

2007 – four years after logging; 2011 – eight years after logging. 

 

Table 3: Comparison of the periodic and annual periodic increment of E. coriacea, expressed as median (minimum and maximum increments), in an unlogged 

terra firme forest (T0) and in a reduced impact logged terra firme forest (T1) at Rio Capim Forest Management Unit, Paragominas, Pará state. 

Increment Interval T0 (cm.year-1) T1 (cm.year-1) U P 

Periodic 2003-2007 0.40 (-9.90 – 2.00) 0.80 (-1.60 – 5.20) 1421.50 0.025* 

2007-2011 0.40 (-0.20 – 2.30) 0.60 (-0.40 – 3.30) 1371.00 0.256 

2003-2011 1.00 (-9.80 – 3.80) 1.70 (-1.40 – 8.50) 2519.00 < 0.001* 

Annual periodic 2003-2007 0.10 (-2.48 – 0.50) 0.20 (-0.40 – 1.30) 1421.50 0.025* 

2007-2011 0.10 (-0.05 – 0.58) 0.15 (-0.10 – 0.83) 1371.00 0.256 

2003-2011 0.13 (-1.23 – 0.48) 0.21 (-0.18 – 1.60) 1353.00 0.083 

Legend: U - U Mann Whitney test; * Significant (p < 0.05); 2003 – before logging; 2007 – four years after logging; 2011 – eight years after logging. 

 

Table 4: Spatial distribution pattern (SDP) of Eschweilera coriacea individuals in an unlogged terra firmeforest (T0) and in a reduced impact logged terrafirme 

forest (T1) at Rio Capim Forest Management Unit, Paragominas, Pará state. 

Treatments Years Morisita Index F calculated F tabled SDP 

T0 

 

2003 1.24 2.22 1.79 Added 

2007 1.21 2.11 1.79 Added 

2011 1.17 1.93 1.79 Added 

 

T1 

2003 1.25 1.93 1.79 Added 

2007 1.2 1.73 1.79 Added 

2011 1.2 1.73 1.79 Added 

Legend: 2003 – before logging; 2007 – four years after logging; 2011 – eight years after logging. 

 

 A similar pattern for E. coriacea was also reported by Gama et al. (2002) in a logged flooded forest in the Afuá municipality, in northern Pará. Lopes (2007) 

found in three forest fragments in Pará state, the young individuals (plants with a height below or equal to 1 m) occurring in clusters and in the adult population 

occurring randomly distributed. 

 One of the benefits of species aggregation in the forest is the cost reduction because of cutting and extraction activities when these are carried out according 

to a forest management plan. However, if the logging follows a conventional method of exploitation, the ecological sustainability of the species that have that 

spatial distribution pattern is threaded (GAMA et al., 2002). 

 All results approaching the analysis of the exploited forest with the non-exploited contribute to decision-making in the forest management, emphasizing in 

species that possibly can be exploited commercially and future projections to its recovery. What has been done to E. coriacea can be a support to the knowledge of 

the behavior of species in a forest matter in exploration activities. 

 

Conclusion: 

 The forest exploitation did not provide significant changes in the arboreal community of the studied forest in the question of the evaluated variables and 

throughout the studied period. The parameters evaluated did not differ statistically between the treatments (T0 x T1) and within the treatments (T0) (T1), affecting 

a similar behavior between exploited and unexplored area. Certainly, the method of management applied to the area, applied cut intensity and reduced impact 
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techniques were adequate for the forest. When the direct variables are attributed to the evaluated variables, the exploration model can be applied to forests with the 

same forest type, since they assume that the behavior may be the same. 

 The behavior of the species Eschweilera coriacea in the T1 treatment was favorable, it is evident that this behavior is directly related to the fact that the 

species was not harvested in the study area (T0 and T1), however, when exploring other species that were on the canopy certainly the management added a 

diametric increment in the first years after the forest exploration, thus higher perceptions in the basal area and better diametric distribution among the upper 

classes, evidencing the possible favoring of the species with the increase of the light incidence caused by the opening of clearings. We affirm given event because 

the growth rates were diluted over time, as a function of canopy closure. 

 The research reaffirms how alternatives to forest exploitation in need of forest stand the best decision-making to be made is about sustainable management 

where it is possible to create effective criteria for exploration and a skillful forest response to possible succession and re-entry with future farms. 
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