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HIGHLIGHTS

Fabaceae was the family with the highest richness of species.

The floristic composition did not show significant variation in areas with and without 
rainfall exclusion.

Species diversity was slightly greater in areas of rainfall exclusion.

Exclusion of rainfall at ground level did not significantly affect forest conservation.

ABSTRACT

The studies on floristic composition are an aid in the understanding of the structure and 
dynamics of the plant communities, fundamental parameters for its management and 
conservation. Thus, the objective of this work was to evaluate the floristic composition, 
species richness, Shannon’s diversity and models of species abundance over a 10-year 
period (2005 to 2015) in two terra firme forest areas, with and without water deficit in 
the soil. Data were collected in 98 subplots denominated A (control) and 98 subplots 
B (rainwater exclusion), each measuring 10 m x 10 m, of which plants species with 
diameter at breast height (DBH≥10 cm) were listed. The Fabaceae (33), Sapotaceae 
(27), Chrysobalanaceae (15) and Burseraceae (13) families were the most representated 
in the study areas. A small decrease was found in the observed species richness in area 
A, but the community evenness and the Shannon diversity index remained constant, and 
a small increase was found in the observed species richness  in area B, which may have 
contributed to a increase in the diversity index over time. The Zipf and Zipf-Mandelbrot 
models adjusted for the plant communities of areas A and B, respectively, indicate that 
such areas indicate good ecological conditions for the establishment of late colonizing 
species. Thus, it can be inferred that water deficiency in the soil did not significantly affect 
the conservation of the forest under study.
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INTRODUCTION 

The Amazon biome represents about 30% of all 
remaining tropical rainforests in the world, in which the 
Amazon Rainforest stands out for providing a multitude 
of ecological assets and essential services to the quality 
of human life (Sfb, 2010). This biome has been raising 
the interest in long-term studies due to the anthropic 
pressure that has been occurring in this region associated 
with climate change (Tabarelli et al., 2013).

The climatic changes, particularly those in relation 
to changes in the water balance in some regions or 
even regarding temperature variation out of the regular 
standards may modify distribution and survival of the 
species (Cordeiro et al., 2008).  Thus, there is great 
concern about the effects of drought on the rainforest, 
further considering that the rates of net increase in 
above-ground biomass are decreasing (Stark et al., 2014; 
Doughty et al., 2015; Feldpausch et al., 2016). 

Knowledge and understaning of the complex 
dynamics of rainforests arise with the floristic 
composition survey. Studies on floristics changes not only 
improve understanding of the ecology of tropical forests 
and their response to local and regional disturbances, 
but also the ability to predict how future global climatic 
changes may influence some vital services provided by 
these ecosystems (Feeley et al., 2011).

Studies on the forest structure and floristic 
composition in the Amazon demonstrate that the 
terra firme forests are usually highly diverse, with few 
representative individuals per species (Andrade et al., 
2017), and are located in higher areas, with variations in 
the structure of the canopy (Pereira et al., 2012) and can 
grow in deep oligotrophic clayey-sandy yellow Latosols 
of tertiary origin (Almeida et al., 1993).

A pattern shown in the literature is that, in 
Tropical Forests, few species are locally common, 
others, moderately common and most of them are rare 
(Magurran, 2013). Knowledge about the abundance and 
rarity of species is important for the policy of conservation 
and the use of its tools (Hewitt et al., 2016).

Thus, understanding the behavior of species 
in plant communities through the analysis of floristic 
composition is the onset for understanding the 
ecosystems of tropical forests and, according to Feeley 
et al. (2011), investigating changes in floristic composition 
should be a clear research priority considering the 
context of the influence of global climate changes on 
natural ecosystems (Oliveira, 2014).

Therefore, this study was based on an experiment 
denominated Esecaflor (Study of forest drought) which 

sought to exclude the maximum amount of rainwater in 
contact with the soil in order to simulate a possible drought 
caused by the occurrence of the El Niño event (CAI et 
al., 2014). We test the hypothesis that the reduction of 
water in the forest soil may have negatively affected the 
development of the forest in terms of floristic composition, 
species richness, Shannon’s diversity and abundance of 
species over time, considering that the water deficit may 
be a stress factor for the plants (Chagas et al., 2012).

As a result, the objective of this study was to 
evaluate the changes floristic composition, richness, 
diversitiy and abundance models of a plant community 
over a 10-year period (from 2005 to 2015) in two terra 
firme forest areas with and withouth soil water shortage 
in the Caxiuanã National Forest. 

MATERIAL AND METHODS 

Study area 

The study was carried out in a primary terra 
firme forest located within the Caxiuanã National Forest 
(FLONA) (latitude: 01°42’30” S and longitude: 51°31’45” 
W), belonging to Ferreira Pena Scientific Station (ECFPn 
) of the Paraense Emílio Goeld Museum.

Dense terra firme forest is the largest and most 
diverse environment in ECFPn, occupying approximately 
85% of the area, and grows in deep oligotrophic clayey-
sandy yellow Latosols of tertiary origin (Almeida et al., 1993).

According to the classification of Köppen, the 
climate in Caxiuanã is of the hot and humid-tropical 
type and climatic subtype “Am” with a short dry season 
(Oliveira et al, 2008; Marengo et al, 2011). The average 
annual temperature is around 26.7ºC, with an average 
minimum temperature of 23ºC and a maximum of 
32.7ºC (Costa and Moraes, 2002).  The Caxiuanã area 
has an annual average of 2,011.2 mm of rain, where 
the rainy period is from December to May (1,871.2 
mm, representing 84.6%), and the dry period between 
June and November – 340.4 mm, representing 15.4% 
(Icmbio, 2012; Silva Junior et al, 2013).

Plant sampling 

This study was carried out by analyzing the data 
collected on the experimental site of the “Study of the 
Drought of the Forest” (Esecaflor) project developed 
under the LBA (Large Scale Biosphere-Atmosphere 
Experiment in the Amazon) program. The Esecaflor 
experiment started in January 2002, but for the aims 
sampling of this study, it was considered the survey of 
data from the 2005 to 2015 period. 
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Data collection was carried out in area A 
denominated control and in area B (rainwater exclusion), 
separated by a distance of 50 meters, totaling 98 
contiguous subplots of 10 mx 10 m in each study area, 
where plants species (trees and shrub) with a diameter at 
breast height (DBH ≥10 cm) were listed. Identification 
of the species was carried out by a botanical technician 
of the Museu Paraense Emílio Goeldi (MPEG), but 
specimens were not deposited in any herbarium. The 
floristic inventory was always conducted by the same 
MPEG team, with a researcher and three technicians. 
The species were classified into families recognized by 
the Angiosperm Phylogeny Group IV (Apg IV, 2016). 
The scientific names of the species have been confirmed 
and updated using The Plant List database (http:www.
theplantlist.org).

For the exclusion of rainwater in area B, a cover 
of the area was constructed using approximately 5,000 
panels of 0.50 x 3.0 meters of clear, wood-framed plastic 
cladding, which were installed at a height 1.5 to 4 meters 
above the ground. This cover was kept permanently 
clean, replacing the panels in case of damage caused by 
falling branches, fruits and occasionally trees (Costa et 
al., 2007). In the same area, twenty  wooden gutters 
were built 0.3 x 0.3 x 100 m in width, depth and length, 
respectively, and were placed parallel to a distance of 5 
m, with a height of around 4 m in the central part of 
the plot and 1.5 m on the sides. The gutters were also 
covered with the same plastic material as the panels, 
which facilitated the drainage of water into the side 
trenches that direct these flows to discharge points 
distant from the parcel (Oliveira, 2014).

Data analysis 

Data of the community were analyzed over the 
2005-2015 period, defined on the basis of four surveys 
which corresponded to the years 2005, 2008, 2011 and 
2015. Species richness was recorded for each inventory 
year in areas A and B and their estimates were calculated 
using five non-parametric richness estimators: ICE, Chao 
2, Jackknife 1, Jackknife 2 and Bootstrap, considered 
efficient tools to estimate the species richness of an area 
(Magurran, 2013). The calculations were made using 
the EstimateS software version 9.1.0 (Colwell, 2013). 
Community diversity was determined for each surveyed 
year by means of the Shannon’s index (H’)  and evenness 
(J’) index (Magurran, 2013). 

Data analysis was performed with the Past 
software version 3.23 (Hammer, 2013). Species diversity 
were compared among inventories using diversity profiles 

(Tóthmérész, 1995) through the use of the Hill series 
which corresponds to a generalization best known in the 
ecological literature (Hill, 1973), given by [1] where Na 
is the diversity index for the parameter a (a ≥ 0, a ≠ 1) 
and ps corresponds the proportion of abundance of the 
species. The graphics were performed with the vegan 
package version 2.5-3 (Oksanen et al., 2018) of software 
R version 3.5.1 (R core team, 2018).

[1]

Species abundance distribution in plant community 
in areas A and B was evaluated using five ecological species 
abundance models: Broken stick (Null Model), Niche-
Preemption, Log-normal, Zipf and Zipf-Mandelbrot, in 
which the selection of the best fit model was based on the 
smallest values of the Akaike information criteria (AIC), 
Bayesian information criteria (BIC) and Deviance (model 
adjustment residuals), which indicate the best ecological 
model (Oksanen et al., 2018). Rare species were defined 
as those represented by one to four individuals.

The models to be tested in this study were chosen 
to assess the degree of evenness of the community and 
to evaluate its successional process throughout the study. 
For data processing, we used the vegan package version 
2.5-3 (Oksanen et al., 2018) of software R version 3.5.1 
(R core team, 2018).

RESULTS

Flora, species richness and Shannon’s diversity

Over the study period (2005-2015), a 
totalvariation from 517 to 474 individuals distributed in 
36 families, 88 genera and 201 species were recorded 
in area A. Table 1 show the 26 most abundant species 
above 4 individuals, with the trees predominants. The 
botanical families with the highest species richness were 
Fabaceae (31), Sapotaceae (27), Chrysobalanaceae 
(15), Burseraceae (13) and Lecythidaceae (8), together 
representing 46.77% of the total recorded species 
throughout the survey.

The three most abundant species in area A were 
Rinorea guianensis Aubl. (range from 56 to 50 individuals; 
total relative abundance 10.8% in 2005 and also in 
2015), Vouacapoua americana Aubl. (22 to 21 individuals; 
total relative abundance 4.3% in 2005 and 4.4% in 2015, 
respectively) and Pouteria decorticans T.D. Penn. (18 
individuals, total relative abundance 3.5% in 2005 and 
3.8% in 2015) (Table 1).

From 2005 to 2015, the variation in the number 
of species in area A was very small (from 183 to 179) and 
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TABLE 1  Alphabetically ordered sampling of the most 
abundant species in the area A of the terra firme 
forest in this study (2005-2015), Flona de Caxiuanã, 
Pará. Where: TR = tree and SH = shrub. 

Family Species Habit 2005 2015

Annonaceae
Bocageopsis multiflora 

(Mart.) R.E.Fr.
TR 8 7

Lecythidaceae
Couratari multiflora (Sm.) 

Eyma
TR 12 10

Lecythidaceae
Eschweilera coriacea 

(DC.) S.A.Mori
TR 8 8

Lecythidaceae
Eschweilera grandiflora 

(Aubl.) Sandwith
TR 9 6

Lecythidaceae
Eschweilera pedicellata 

(Rich.) S.A.Mori
TR 7 6

Chrysobalanaceae
Licania heteromorpha 

Benth.
TR 5 5

Chrysobalanaceae
Licania membranacea 

Sagot ex Laness.
TR 6 5

Chrysobalanaceae
Licania octandra 

(Hoffmanns. ex Roem. & 
Schult.) Kuntze

TR 15 12

Sapotaceae
Manilkara huberi (Ducke) 

Standl. 
TR 5 -

Sapotaceae
Manilkara bidentata (A.

DC.) A.Chev.
TR 10 10

Sapotaceae
Micropholis venulosa 

(Mart. & Eichler ex Miq.) 
Pierre

TR 7 7

Olacaceae
Minquartia guianensis 

Aubl.
TR 9 9

Sapotaceae Pouteria sp. TR 5 -

Sapotaceae
Pouteria anomala (Pires) 

T.D.Penn.
TR 6 6

Sapotaceae
Pouteria cladantha 

Sandwith 
TR 6 6

Sapotaceae
Pouteria decorticans T.D. 

Penn.
TR 18 18

Sapotaceae Pouteria guianensis Aubl. TR 5 -

Sapotaceae
Pouteria oppositifolia 

(Ducke) Baehni
TR 13 14

Burseraceae
Protium tenuifolium 

(Engl.) Engl.
TR 10 9

Violaceae Rinorea guianensis Aubl. TR 56 50

Rubiaceae
Stachyarrhena spicata 

Hook. f.
SH 7 5

Fabaceae Swartzia racemosa Benth. TR 13 11

Burseraceae
Tetragastris panamensis 

(Engl.) Kuntze
TR 6 -

Myristicaceae Virola michelii Heckel TR 5 -

Fabaceae
Vouacapoua americana 

Aubl.
TR 22 21

Fabaceae
Zygia racemosa (Ducke) 
Barneby & J.W. Grimes

TR 6 6

Sub-total 279 231

Other species 238 243

Total 517 474

community equability remained constant, which contributed to 

maintaining the Shannon’s diversity index (Table 2). In addition, 

the diversity profiles of the inventories showed absence of 

significant differences in community diversity (observed by 

overlapping curves - Figure 1) and over 80% of rare species.

TABLE 2  Vegetation characteristics for area A in 2005-2015 
period in the terra firme forest, Flona de Caxiuanã, 
Pará. Where: ICE, Chao2, Jackknife1 (first order 
estimator), Jackknife2 (second order estimator) 
and Bootstrap are the non-parametric richness 
estimators; Sobs = observed richness; Sobs% = 
percentage of the observed richness in relation to the 
estimated richness of each estimator; rare sp. (%) = 
Percentage of rare species; H ’= Shannon’s diversity 
index, J’ = evenness and N = number of individuals.

 2005 2008 2011 2015
1-ICE 388.89 366.93 389.06 377.1

2-Chao2 343.48 325.97 351.51 355.01
3-Jackknife1 286.93 274.98 284.93 282.93
4-Jackknife2 356.82 340.95 356.76 355.73
5-Bootstrap 226.59 217.6 224.38 222.34

Sobs 183 176 181 179
Sobs% 1 47.06 47.96 46.52 47.46
Sobs% 2 53.28 53.99 51.49 50.42
Sobs% 3 63.78 64.00 63.52 63.26
Sobs% 4 51.29 51.62 50.73 50.31
Sobs% 5 80.76 80.88 80.66 80.50

Rare sp. (%) 85.79 85.8 86.19 87.71
H’ 4.57 4.53 4.57 4,58
J’ 0.88 0.88 0.88 0.88
N 517 500 503 474

FIGURE 1 Diversity profiles for area A during the period from 
2005 to 2015 using the Hill Series in the terra firme 
forest, Flona de Caxiuanã, Pará. 

The richness estimates in area A were higher 
than the richness observed in the study period, which 
represented 47.06% in 2005 and 47.47% in 2015 through 
the Ice estimator - the lowest values of the estimators 
used. However, according to the Bootstrap estimator, it 
was observed 80.76% in 2005 and 80.51% in 2015 - the 
highest values of the estimators used (Table 2).
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The ecological model of species abundance 
distribution that best described and fit the ecological 
community of area A was Zipf (Figure 2).

In the abovementioned period, area B (rainwater 
exclusion) recorded a totalvariation from 477 to 426 
individuals distributed in 35 families, 92 genera and 210 
species. Table 3 show the 31 most abundant species 
above 4 individuals, with the trees predominants. The 
plant families with the highest species richness were 
Fabaceae (33), Sapotaceae (25), Burseraceae (11), 
Chrysobalanaceae (9) and Lecythidaceae (9), together 
representing 41.43% of the total recorded species.

The three most abundant species in area B were 
Tetragastris panamensis (Engl.) Kuntze (range from 17 to 
15 individuals, total relative abundance 3.56% in 2005 
and 3.52% in 2015), Manilkara bidentata (A.DC.) A.Chev. 
(15 individuals, total relative abundance of 3.14% in 
2005 and 3.52% in 2015) and Minquartia guianensis Aubl. 
(range from 15 to 14 individuals, total relative abundance 
of 3.14% in 2005 and 3.29% in 2015) (Table 3).

From 2005 to 2015, the number of species in area 
B varied from 173 to 185, while the equability did not 

change, in addition to more than 80% of rare species 
(Table 4). Thus, this small variation in richness may have 
contributed to the variation in community diversity - as 
seen in the diversity profile graph - which shows that 
diversity was higher in 2015 compared to the other years 
of the study (Figure 3).

FIGURE 2 Curves of the five ecological models of species abundance distribution adopted from 2005 to 2015 for area A in 
the terra firme forest, Flona de Caxiuanã, Pará. AIC = Akaike Information Criteria and BIC = Bayesian Information 
Criteria both from the Zipf model - which best fit the data.

FIGURE 3 Diversity profiles for area B during the period from 
2005 to 2015 using the Hill Series in the terra firme 
forest, Flona de Caxiuanã, Pará. 
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TABLE 3 Alphabetically ordered sampling of the most 
abundant species in area B of the terra firme forest 
in this study (2005-2015), Flona de Caxiuanã, Pará. 
Where: TR = tree and SH = shrub. 

Family Species Habit 2005 2015

Sapotaceae Chrysophyllum prieurii A.DC. TR 6 6

Annonaceae Duguetia echinophora R.E.Fr. TR 5 -

Lecythidaceae
Eschweilera coriacea (DC.) 

S.A.Mori 
TR 14 11

Lecythidaceae
Eschweilera grandiflora (Aubl.) 

Sandwith
TR 5 -

Lecythidaceae
Eschweilera pedicellata (Rich.) 

S.A.Mori
TR 5 5

Annonaceae Guatteria poeppigiana Mart. TR 6 -

Chrysobalanaceae Hirtella bicornis Mart. & Zucc. TR 7 6

Fabaceae Inga gracilifolia Ducke TR 6 6

Fabaceae Inga alba (Sw.) Willd. TR 5 6

Lecythidaceae
Lecythis confertiflora (A.C.Sm.) 

S.A.Mori
TR 9 8

Lecythidaceae Lecythis idatimon Aubl. TR 10 8

Chrysobalanaceae
Licania octandra (Hoffmanns. ex 

Schult.) Kuntze
TR 6 6

Sapotaceae
Manilkara bidentata (A.DC.) 

A.Chev.
TR 15 15

Sapotaceae
Micropholis venulosa (Mart. & 

Eichler ex Miq.) Pierre
TR 8 -

Olacaceae Minquartia guianensis Aubl. TR 15 14

Melastomataceae Mouriri duckeana Morley TR 7 6

Ochnaceae Ouratea sp. TR 12 8

Sapotaceae Pouteria decorticans T.D. Penn. TR 13 10

Sapotaceae
Pouteria jariensis Pires & 

T.D.Penn. 
TR 6 6

Sapotaceae Pouteria sp. TR 11 6

Sapotaceae
Pouteria anomala (Pires) T.D. 

Penn.
TR 5 5

Sapotaceae
Pouteria oppositifolia (Ducke) 

Baehni
TR - 5

Sapotaceae Pouteria venosa (Mart.) Baehni TR 6 6

Burseraceae Protium tenuifolium (Engl.) Engl. TR 11 10

Fabaceae Sclerolobium sp. TR 5 5

Rubiaceae Stachyarrhena spicata Hook. f. SH 12 9

Fabaceae Swartzia racemosa Benth. TR 11 11

Burseraceae
Tetragastris panamensis (Engl.) 

Kuntze
TR 17 15

Fabaceae Vouacapoua americana Aubl. TR 8 8

Annonaceae Xylopia nitida Dunal TR 10 6

Fabaceae
Zygia racemosa (Ducke) 
Barneby & J.W. Grimes 

TR - 5

Sub-total 256 212

Other species 221 214

Total 477 426

Richness estimates in area B were higher than the 
richness observed in the study period, which represented 
45.06% in 2005 and 35.22% in 2015 - the smallest values of 
the estimators used in the study. However, according to the 
Bootstrap estimator, it was observed 80.76% in 2005 and 
79.20% in 2015 - the highest values of the estimators (Table 4).

The ecological model of species abundance 
distribution that best described and adjusted the 
ecological community of rainwater exclusion areas was 
Zipf-Mandelbrot, as it presented the lowest information 
values for AIC, BIC and residues (Figure 4).

In these ten years of evaluation, regarding the 
number of species, it was observed that twenty-five 
disappeared due to mortality in area A and twenty-one in 
area B; also, a gain of seventeen species was observed in the 
former and thirty-seven in the latter. Regarding abundance, 
higher mortality was found in area B, with negative balance 
between loss and gain of individuals (Table 5).

DISCUSSION 

General aspects on floristic composition, richness 
and diversity

It was recorded in both areas A and B, that over the 
study period (2005-2015), the most expressive botanical 
families that had prominence in terms of number of 
species were Fabaceae, Sapotaceae, Chrysobalanaceae, 

TABLE 4  Vegetation characteristics for area B in 2005-2015 
period in the terra firme forest, Flona de Caxiuanã, 
Pará. ICE, Chao2, Bootstrap, Jackknife1 (first order 
estimator) and Jackknife2 (second order estimator) 
are the non-parametric richness estimators; Sobs 
= observed richness; Sobs% = percentage of the 
observed richness in relation to the estimated richness 
of each estimator; Rare sp. (%) = Percentage of rare 
species; H’= Shannon’s diversity index, J’ = evenness 
and N = number of individuals.

 2005 2008 2011 2015
1-ICE 361.14 359.45 315.77 506.37

2-Chao2 383.89 392.05 363.32 525.33
3-Jackknife1 270.99 259.02 245.09 306.74
4-Jackknife2 345.67 333.67 313.86 405.91
5-Bootstrap 213.14 202.53 192.87 233.58

Sobs 173 164 157 185
Sobs% 1 47.90 45.63 49.72 36.53
Sobs% 2 45.06 41.83 43.21 35.22
Sobs% 3 63.84 63.32 64.06 60.31
Sobs% 4 50.05 49.15 50.02 45.58
Sobs% 5 81.17 80.98 81.40 79.20

Rare sp. (%) 83.24 83.54 81.53 85.41
H’ 4.69 4.65 4.62 4.78
J’ 0.91 0.91 0.91 0.92

N 477 444 431 426
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Burseraceae, Lecythidaceae, in which Fabaceae was the 
family with the greatest species richness. Other studies 
carried out in the Amazon have shown similar results, 
which emphasize the predominance of the Fabaceae 
family in number of species (Lisboa et al., 1997; Oliveira 
et al., 2008; Salomão et al., 2012). In the study by 
Lisboa et al. (1997), however, it was considered the 
division of legumes into three distinct families (Fabaceae, 
Caesalpiniaceae and Mimosaceae) and not included as 
belonging only to the Fabaceae family, but if added and 
represented in a single group (Fabaceae) would become 
the family with the largest species richness.

Thus, in terms of floristic composition in relation 
to the number of botanical family species in both A and B 
areas of this study, predominance of practically the same 
families already mentioned in these areas was found, 
with little variation in the number of representative 
species over the period of this study, even if the forest 
was disturbed due to water exclusion. Such fact 
demonstrates that the forest may be showing resilience 
of species with respect to disturbance suffered due to 
water deficit in the soil. By considering that the water 
deficit of this study was an attempt to simulate the effects 
of climate change, a study using climate and ecological 
models in tropical forest areas showed that forests may 
lose part of their carbon stock through climate change, 
but that the Amazon rainforest would show resilience to 
climate change (Davidson et al., 2012; Huntingford et al., 
2013; Butt el., 2014).

By considering the most species in areas A and 
B, it was found that there was little variation in terms of 
number of individuals of the species throughout the study 
period and that the species Rinorea guianensis Aubl. stood 
out in terms of number of individuals followed by other 
more abundant species (Vouacapoua americana Aubl. and 

TABLE 5  Change in richness and abundance of species from 
the initial 2005 survey to the final survey in 2015 
in the study areas in the dry land forest, Flona de 
Caxiuanã, Pará.
 Area A Area B

Initial total richness 183 173
Species loss 21 (12.02%) 25 (14.45%)
Species gain 17 (9.29%) 37 (21.39%)

Final total richness 179 185
Initial total abundance 517 477

Loss of individuals 63 (12.19%) 95 (19.92%)
Gain of individuals 20 (3.87%) 44 (9.22%)

Final total abundance 474 426

FIGURE 4 Curves of the five ecological models of species abundance distribution adopted in the period from 2005 to 2015 for 
area B in the Flona de Caxiuanã terra firme forest, state of Pará. AIC = Akaike Information Criterion and BIC = 
Bayesian Information Criterion both of the Mandelbrot model - which best fit the data.
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Pouteria decorticans T.D. Penn.). Other floristics studies 
also recorded the occurrence of these species in terra 
firme forest (Amaral et al., 2009; Ferreira et al., 2015; 
Mendes et al., 2013).

Regarding the rare species of this study, it is quite 
evident a high percentage over 80% compared to the 
most abundant ones during the period from 2005 to 
2015 in areas A and B, some of that is due to the fact 
that over the study period, other species achieved DBH 
of 10 cm and were included in the study. Almeida et al. 
(1993), in an area of 13 hectares, recorded the presence 
of 375 rare species represented by 1 to 4 individuals. 
Rare species are particularly sensitive to local extinction 
because of being represented by a small number of 
individuals and their conservation is of great importance 
for the maintenance and functioning of diverse forest 
ecosystems (Ferreira et al., 2015).

Although richness has been high in plots A and B, 
estimates of the potential number of species calculated 
using Bootstrap estimator were even higher. Thus, even 
though the observed richness has been high, the sample 
of this study was not sufficient to represent the total 
richness potential of the areas. The richness recorded 
over the study period was very close to another floristic 
study carried out in dry land forest at the Caxiuanã 
Scientific Station, where the average species richness 
was 189 per hectare (Almeida et al., 1993). 

The small variation in richness and the constancy 
of equability in area A in 2005-2015 period is consistent 
with the theory that tropical forests, free of major 
anthropogenic disturbance or interference, generally 
does not change much in floristic composition (Swaine 
et al., 1987). In area B, a greater variation was found 
in the richness, contributing to a slight change in the 
diversity index in 2015 compared to other years. Thus, it 
is inferred that these areas subjected to water deficit for 
the plants generated this species richness variation with 
a positive balance between gain and loss in number of 
species, but with a negative balance between gain and loss 
of number of individuals. Thus, the mortality of species 
may have promoted the emergence and establishment of 
some species over time, as the death of species provides 
opening of clearings, consequently causing modification 
in the environmental conditions, brightness, temperature 
and humidity (Burslem and Whitmore, 1999).

It was observed that in the study areas, the 
predominant identified species were the secondary 
late. Furthermore, considering that the late species are 
generally of great size and more demanding in their 
environmental conditions, besides starting their presence 
in medium stages of succession, it is inferred that the 
areas under study may be moving towards resilience.

Shannon’s diversity indices and equability found in 
this study are considered high, describing uniform plant 
communities. Therefore, they can be considered stable 
and adequately maintained.

Species abundance distribution models 

The ecological models of species abundance 
distribution best adjusted to areas A and B were Zipf 
and Zipf-Mandelbrot, respectively. The results of the 
models are interpreted as a successional process in 
which late colonizing species have greater needs for 
a specialized niche and the presence of one species is 
due to dependence on previous physical and ecological 
conditions (Magurran, 2013).

According to Whittaker (1972), in a resource 
gradient, species evolve to occupy different positions over 
this gradient, therefore, showing variations in abundance 
distribution patterns according to environmental 
variation. In this regard, the results of the abundance 
distributions adjustments of this study show that they did 
not undergo major changes with the disturbance caused 
by water stress, considering that the community data 
were better explained by ecological models that describe 
more stable environments in a more mature successional 
stage, with little disturbance (Magurran, 2013).

CONCLUSIONS 

The study showed that the plant community did not 
show any significant variations in terms of floristic composition, 
species richness, diversity and abundance distribution in forest 
areas without water exclusion in the soil compared to 
areas with water exclusion over ten years of study.

Also, the best ecological models adjusted to 
the data of the study characterized an environment 
reflecting a successional process, which postulates that 
late colonizers have more specific requirements when 
conditioned to requirements of previous environmental 
conditions for their establishment and, thus, it is inferred 
that the plant community is in the maturity stage.

Thus, it can be understood that the forest is well 
established, presenting itself as a dynamic system that is 
in an adequate state of conservation and that the water 
restriction in the soil over the ten years of study was not 
sufficient to so expressively interfere in the conservation 
status of the environment. This study suggests that over 
ten years, the forest has proved resilient to a possible 
climatic change caused by drought.
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