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ABSTRACT  
 
Relationship in soil physical and chemical properties of soil, floristic and phytosociological association of semi-
deciduous riparian forest of the Paranapanema River (R) and Rosana Reservoir (Re) in the Caiuá Ecological 
Station were evaluated. Aerial photography and satellite image were used to determine the forest cover and to 
locate 15 transects 50 x 30m (1500m2),which were used to sample trees with diameters at breast height (DBH)≥15 
cm. R contained 1487 individuals from 33 families, 64 genders and 73 species.  The Shannon-weaver index (H') was 
3.318. Re contained 1146 individuals from 35 families, 72 genders and 85 species and the H' was 3.755. There was 
a statistically significant difference (P≤0.05) between R and Re environments and statistically significant 
correlations (p<0.05) were detected between soil physical attributes and Importance Values (IV) using the 
Detrended Correspondence Analysis (DCA). 
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INTRODUCTION 
 
Biotic and abiotic components are important soil 
elements that consist of live organisms inter-mixed 
with the products of decomposition action. (Odum, 
1988). This association between organisms and the 
geological or mineral substratum, interacting with 
each other, constitute the landscape.  The result of 
this interaction can be observed in the various 
types of forest formations (Jacomine, 2000). 
In the tropics many factors have been attributed to 
the distribution and diversity of plant species. 
Some authors attribute this diversity to edaphic-
climatic variation, while others attribute the 
diversity to stochastic events (Shariff et al., 1990). 

However, generally distribution and diversity of 
plants is attributed to climatic and pedological 
variations (Eletrosul, 1986; Härdtle et al., 2003). 
In tropical regions the semi-deciduous forest is a 
type of forest, composed of meso-phanerophyte 
that covers, in general, sand-dystrophic soils 
(IBGE, 1992).   
The influence of the environmental variables in the 
floristic  composition and  structure of a  semi-
deciduous forest community are shown by the 
tendency of different survival strategies present in 
the environment (Campos and Souza, 2002).  
Campos and Souza (2002) found that the structure, 
dynamics and distribution of a species are related 
to the environmental characteristics, which 
determine the successful establishment and 
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exclusion of certain species. Therefore, the high 
diversity in the riparian areas is associated with the 
physical and chemical substratum variability and 
the interaction between the topography and 
hydrological regime of the watershed (Soares and 
Perez-Filho, 1997).    
Information about the floristic composition, the 
forest structure, sucessional categories and other 
phytosociological relationships can be found in 
several published papers (ELETROSUL, 1986; 
Cezar and Leitão-Filho, 1990; Soares and Silva, 
1990; Goetzke, 1990; Martins, 1993; Campos and 
Souza, 1997; Souza, 1998; Jacomine, 2000; 
Fonseca and Rodrigues, 2000; Campos et al., 
2000; Campos and Souza, 2002; Härdtle et al., 
2003). However, many current studies address the 
relationships between vegetation and the physical 
environment, especially in relationship to soil 
condition.  
One of the current objectives is to improve 
scientific knowledge base which cont be used as a 
basis for allocating government subsides for the 

reclamation of marginal agricultural lands. This 
study addressed the information fragmentation 
phytosociological and soil data in a semi-
deciduous forest in two different riparian 
environments. The information was used to verify 
the possible relationship between the physical 
environment and vegetation structure. 
 
 
MATERIALS AND METHODS 
 
Site description 
The study sites are located in the Caiuá Ecological 
Station (CaiuaES) in the Diamante do Norte 
municipality (22º41'00" S and 52º 55'00"W) and 
an altitude of 240 to 380 m. The total area is 
1,427.300 ha, and it is located in the lower 
watershed of the Paranapanema River at the shore 
of the Rosana Hydroelectric Dams (RosanaHD) 
and in the last lotic portion of the Paranapanema 
River (Fig. 1(a)). 
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Figure 1 - Map of the study area - Caiuá Ecological Station (a) and locations of the transects at the CaiuaES (b). 
 
 
The vegetation of the CaiuaES, according to the 
IBGE (1992) classification, has a primary 
association with a semi-deciduous Forest. In the 
CaiuaES the submontane formation is 
predominanting (78.36%), with a small alluvial 
formation (0.58%) influenced by periodic flooding 
of the Paranapanema River.  The remaining areas 
are of secondary vegetation (IAP, 1997). 
Agricultural areas are composed primarily of 
pastures, cassava and coffee plantations and 
surround the CaiuaES. 

According to the climatic classification of 
Koeppen, the climate is Cfa - meso-thermic, wet, 
without a dry season and warm summers. The 
mean temperature of the coolest month is under 
18ºC and the mean temperature of the warmest 
month is over 22ºC (Maack, 2002). 
The Caiua sandstone material (Sao Bento series—
Cretacean) makes up most of the soil in the 
CaiuaES.  The relief in the CaiuaES is divided into 
three characteristic components: the alluvial 
portion in the shore region of the Paranapanema 
River, the valley with undulating or strongly 
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undulating slopes, and the high surfaces of the 
plateau which represent different sublevels in 
relief (IAP, 1997). 
 
Sampling methodology and survey 
An orbital image from the sensor TM+ of Landsat-
7, WRS 223_076, with a passage date of May 
12th, 2000 was used to determine the transect 
locations.  Utilizing similar criteria, based on the 
reflectance value (INPE, 1999), a 74,5000 ha area 
with similar characteristics was defined among 
two distinct environments, namely the shore of the 
Paranapanema River (R) and the shore of the 
reservoir of the RosanaHD (Re). Both had only 
one forest physiognomy primarily semi-deciduous 
forest alluvial formations and submontane 
formations. 
The phytosociological survey was completed in 
this area using the continuous parcels methods 
(Müller-Dombois and Ellenberg, 1974).  The area 
was broken into a 22.500 m2 surface and divided 
into 75 parcels that were each 300 m2 (10m x 
30m).  The parcels were established in 15 transects 
of five parcels each with the purpose of 
determining the species distribution pattern.  The 
transects were located in two environments, eight 
at the Paranapanema River shore and seven at the 
Rosana Reservoir shore. The parcels were located 
perpendicular to the river and reservoir shore (Fig. 
1b).  Trees were identified by species, and the 
diameter at breast height (DBH) was recorded for 
all trees with a DBH greater than or equal to 15cm. 
The soil was collected using a composite sampling 
system and was collected at three different 
locations in each transect (parcels nº 1, 3 and 5).  
The samples were collected using a soil core and 
using a sampling distance of 0.20m beginning at 
0m and ending at 1.0m.   
The chemical analyses of soil included pH in 
CaCl2 and H2O, Al+++, H+Al+++, Ca+++Mg+, Ca++, 
K+, P, C and micronutrients.  The soil texture was 
determined using the densiometer method 
according to EMBRAPA (1997). 
 
Analysis of the structure and vegetation floristic 
composition 
The phytosociological parameters were obtained 
by using the software package FITOPAC® 1.4.  
The density, dominance, and absolute and relative 
frequency were calculated. The importance value 
(VI), equitability index (J) and diversity index 
Shannon-Weaner (H') were calculated using the 
data (Müeller-Dombois and Ellenberg, 1974).  

The successional stage of the vegetation was 
evaluated using the methods proposed by 
Budowski (1963) and by personal field 
observations.  The species were classified using 
the following successional categories:  pioneers 
(P), early secondary (ES), later secondary (LS) and 
without classification (WC) according to the 
criteria adoped by Gandolfi et al. (1995) and 
Ivanaukas et al. (1999). 
 
Data analysis  
The differences between the two environments (R 
and Re) were verified through variance analysis 
(P≤0.05), applied to the sample units averages of 
the number of individuals (nºindiv), total volume 
(vol), species number (S), Shannon-Weaver Index 
(H') and Equability Index (J), DCA1 and DCA2 
axis (Palmer, [s.d.]; Lewilson; Prado, [s.d.]; Hill; 
Gauch, 1980) and soil texture.  The presupposition 
of normality and homocedasticity was tested and 
the homocedasticity was evaluated by the Levene 
test and the variances were considered 
homogeneous when at a P-value of 0.05.  
The spatial variation of the species was evaluated 
in the two environments according to their 
respective importance value (VI), through the 
Detrended Correspondence Analysis - DCA (Hill 
and Gauch, 1980). This helped to characterize the 
environments.  This analysis was done using the 
statistical software PC-ORD version 2.0. The 
influence of soil texture in the species variation 
and importance values (IV) was analyzed using the 
Pearson's Correlation Analysis.  The variance 
analysis and the Pearson's Correlation were 
executed with the support of the statistical 
software STATISTICA version 5.0.  
 
 
RESULTS AND DISCUSSION 
 
Although exploitation of natural resources has 
made great changes in the regional landscape, the 
existing forest in the study area did not show 
significant changes in its structure. This was 
evident by analyzing aerial photographs from 
1957, 1963, 1980 and 1996 as well as by analyzing 
the orbital image 2002 TM/Landsat 7 information. 
The analysis did show the existence of the two 
environments: i) the Natural River Environment 
(R) and ii) the Man made Reservoir Environment 
(Re).  
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Soil characterization 
The classification of soil in the R was a Gleisoil + 
Neosoil Fluvic, clay texture with little relief. The 
soil texture had mean values of 35% sand, 30% 
silt, and 35% clay (Table 2). Similar values were 
found by Brotel et al. (2002) and Nanni (2000) in 
studies conducted at the dike margin and low-lying 
area adjacent to Porto Rico Island and the 
floodplain of the high Paraná River. 

The R was characterized by the presence of a red 
eutrophic argisoil, A moderate, sand texture, and a 
gently undulating relief, with a coarser soil texture 
and relatively less silt and clay than shown in the 
Neosoil of the Re (Table 1). This characteristic 
was mentioned by Resende et al. (2002) and found 
by Nanni (2000) while working with Argisoil from 
the Caiua Sand (Arenito Caiua).  These soils have 
low silt contents.  

 
Table 1 - Average values and standard deviations of soil texture in the River Environment (R) and Reservoir 
Environment (Re) at the CaiuaES 

Soil Texture  (%) 
Coarse Sand Fine Sand Silt Clay  
R Re R Re R Re R Re 

0-40 3.3±1.5 61.1±7.7 28.5±6.3 21.9±7.4 30.2±3.1 3.4±0.8 38.0±4.8 13.6±2.6 
40-80 2.8±2.0 54.3±6.0 34.1±12.2 22.9±5.2 29.4±6.7 3.1±0.9 33.8±7.3 19.4±5.5 
80-100 2.3±2.2 53.3±7.3 33.9±14.8 21.4±3.8 30.4±9.6 2.0±1.0 33.4±7.7 23.3±6.1 
Mean Values* 2.8±1.9*  32.1±11.1*  30.0±6.5*  35.1±6.6*  

*The average values represent the transect average (nº 8) due to soil textural composition and is shows a great discrepancy in 
relation to the other soil texture numbers (“outlier”). 

 
 
Relative to the chemical composition, the soils of 
the R were acidic with a low amount of 
exchangeable aluminum (Al3+), characteristic of 
the Neosoil Fluvic soils (Table 2).  A strong 
anisotropy was present, caused by the deposition 
made by the temporal characteristics of the river 

regime, responsible for the alluvium.  Annually or 
at less frequent intervals, new layers covered the 
some of the pioneer plants under depositing 
alluvium. This often resulted in an irregular 
distribution of organic matter in this type of soil 
(Resende et al. 2002).  

 
Table 2 - Average values and standard deviations of chemical analysis in the River Environment (R) at the CaiuaES 

pH cmolc dm-3 % g dm-3  
CaCl2 H2O Al3+ H++Al3+ Ca2++Mg2+ Ca2+ K+ S CTC V C 

0-40 4.7±0.2 5.4±0.2 0.4±0.4 4.8±0.9 11.2±4.4 7.4±3.2 0.2±0.1 11.4±4.4 16.2±5.1 67±10 14.9±4.6 
40-80 4.3±0.2 5.2±0.2 2.9±2.6 7.3±3.3 7.5±3.3 4.2±2.3 0.1±0.0 7.6±3.3 14.9±5.3 51±12 6.6±3.0 
80-100 4.2±0.2 5.2±0.2 2.9±2.4 7.3±3.5 7.5±2.9 4.0±1.9 0.1±0.0 7.6±2.9 14.9±5.5 52±10 4.6±1.6 

 
 
The soils of the Re were less acidic than of the R 
and with absence of exchangeable aluminum 
(Al 3+).  This resulted in lower values for the 
macro-elements, Ca and Mg, as well as making it 
difficult to detect organic matter.  There was also a 

low cation exchange capacity (CEC) and little 
retention of bases, characteristic of the conditions 
found in the Argisoils of the region (EMBRAPA, 
1984).

 
Table 3 - Average values and standard deviations of chemical analysis in the Reservoir Environment (Re) at the 
CaiuaES 

pH cmolc dm-3 % g dm-3  
CaCl2 H2O Al3+ H++Al3+ Ca2++Mg2+ Ca2+ K+ S CTC V C 

0-40 5.8±0.7 6.5±0.6 0.0±0.0 2.1±0.4 4.1±1.1 3.2±1.2 0.2±0.2 4.3±1.2 6.4±0.8 66±9 10.0±2.0 
40-80 5.6±0.7 6.4±0.7 0.0±0.0 2.0±0.4 3.0±0.7 2.2±0.8 0.1±0.0 3.1±0.8 5.1±0.6 59±8 5.0±1.3 
80-100 5.5±0.6 6.3±0.6 0.0±0.0 2.1±0.3 2.8±0.6 2.0±0.5 0.1±0.0 2.9±0.6 5.0±0.5 57±7 2.9±0.5 

 
 
The soil characterization and vegetative analyses 
of the regional landscape resulted in the 

characterization of two environments: i) the 
environment River (R), which presented the 
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association of the Gleisoil Tiomorfic + Neosoil 
Fluvic soils. These had a clay texture on areas of 
little relief, a structure of small, sub-angular 
blocks, of strong consistence, plastic and viscous, 
and showing a transition between horizons which 
was diffused and gradual and with horizons A 
moderately acidic pH and ii) the environment 
Reservoir (Re), with the presence of the red 
eutrophic argisoils. These had horizons A 
moderate sand texture, moderately undulating 
relief, solid structure, low consistence, no 
plasticity or viscosity, little differentiation in the 
transition between horizons with slightly acid pH. 
Vegetation characterization 
In R 1,487 individuals were sampled, belonging to 
33 families, 64 genus and 73 species, including 
some exotic species. Similar values for the number 
of families (35), genus (71) and species (96) were 
found by Soares-Silva et al. (1998). The total 
density was 1,239 individuals·ha-1. Other results 
for total density in forested riparian buffer areas 
have values of 1,935 individuals·ha-1 (Soares-Silva 
et al., 1998), 1,594 individuals·ha-1 (Dias et al., 
1998), 942 individuals·ha-1 (Campos and Souza, 
2002) and 1,824 individuals·ha-1 (Soares-Silva, 
1990). 
In the survey at R, 1,146 individuals belonging to 
35 families, 72 genus and 85 species, including 
exotic species, were recorded.  The total density 
was 1,091 individuals.ha-1.  Durigan et al. (2000) 
found the same forest physiognomy, density 1,080 
individuals·ha-1 of 62 species belong to 28 families 
in a similar environment.  Other results for total 
density in submontane forests registered values of 
800 individuals·ha-1 (Moreno et al., 2003), 2,271 
individuals·ha-1 (Ivanauskas et al., 1999) and 1,280 
individuals·ha-1 (Fonseca and Rodrigues, 2000). 
In R, Myrtaceae and Lauraceae were the families 
that represented the greatest number of species, 
seven and six respectively, followed by the 
families Leguminosae Caesalpinoideae, 
Leguminosae, and Mimosoideae. The families 
Euphorbiaceae and Rutaceae, with five species 
each, presented 20.5% of the species. Meliaceae 
and Rubiaceae, with four species each, 10.9% and 
Leguminosae and Papilionoideae with three 
species or 8.2% of the total. Other works in the 
forested riparian buffers, with the same inclusion 
criteria, found the same families, although in 
different locations. Soares-Silva et al. (1998), 
registered Fabaceae (10 species) followed by the 
Meliaceae (9), Euphorbiaceae and Myrtaceae (8), 
Lauraceae (7), Flacourtiaceae, Mimosaceae and 

Sapindaceae (5 each). Between the phanerogams 
identified in the floodplain of the high Parana 
River (PR and MS), the families of greatest 
occurrence are: Fabaceae (38 species), Myrtaceae 
(23), Euphorbiaceae and Rubiaceae (22), 
Solanceae(20), Mimosaceae (18), Poaceae (15), 
Asteraceae and Sapindaceae (14) and Rutaceae 
(11), (Souza et al., 1997). 
The most prevalent family was the Polygonaceae, 
with 214 individuals and a Relative Density (RD= 
14.4%) represented only by two species, of which 
to be detached Triplaris americana with 213 
individuals (RD=14.3%). The family Clusiaceae 
had the second highest occurrence with 144 
individuals, but this taxon is represented 
exclusively by Calophyllum brasiliense (RD= 
9.7%) tree species with characteristic of the 
alluvial flood plains ELETROSUL (1986); IAP 
(1997). The family Caesalpinoideae had 138 
individuals distributed among the species 
Holocalyx balansae (RD=0.7%), Peltophorum 
dubium (RD=0.5%), Apuleia leiocarpa 
(RD=0.9%), Hymenaea courbaril (RD=7.0%), and 
Copaifera langsdorffii (RD=0.2%).  The 
Elaeocarpaceae family was also present with 120 
individuals of the species Sloanea guianensis 
(RD=8.1%) and Cecropiaceae represented by 108 
individuals of the species Cecropia pachystachya 
(DR=7.3%). 
In the Re, the family Myrtaceae was the most 
numerous species (9) followed by the 
Caesalpinoideae (8), representing 9.4%, 
Mimosoideae (7), Papilionideae and Rutaceae (7), 
Meliaceae (5) and Lauraceae (4). The families 
represented by just one species had a species 
richness of 17 (48.6%).  In a submontane forest, 
Moreno et al. (2003), found Myrtaceae, 
Leguminosae (lato sense) and Sapotaceae, 
Lauraceae and Moraceae were the most numerous 
species. This is in agreement with the observed 
results. In a submontane semi-deciduous forest 
Ivanauskas et al. (1999) found the most numerous 
species in the families Myrtaceae, followed by 
Lauraceae, Euphorbiaceae, Rubiaceae and 
Fabaceae, respectively. Soares-Silva (1990) 
recorded Myrtaceae, Meliaceae, Lauraceae, 
Euphorbiaceae and Fabaceae as the most 
numerous in species. 
The most numerous family was the Euphorbiaceae 
with 135 individuals (RD=11.8%), but represented 
by only two species, Alchornea triplinervia with 
71 individuals sampled (RD=6.2%) and Croton 
floribundus with 64 individuals (RD=5.6%). 
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Lauraceae was the second most abundant with 107 
individuals, representing 9.3% of the total. The 
family Leguminosae papilionidaea had an 
assemblage of 105 individuals (RD=9.2%), 
followed by Leguminosae Mimosoideae with 95 
indíviduals (RD=8.3%) and Leguminosae 
Caesalpinoideae with 85 individuals (RD=7.42). 
The families Leguminosae showed the greatest 
species richness, (21), from which Peltophorum 
dubium (RD=4.7%), Parapiptadenia rigida 
(RD=3.7%) and Machaerium stipitatum 
(RD=3.2%) were the most prevalent species. The 
family Meliaceae was well represented with 88 
individuals surveyed (RD=7.7%) and the family 
Cecropiaceae also had a high number of 
individuals (72) recorded (RD=6.3%).  The family 
Cecropiaceae was represented by only one species 
(Cecropia pachystachya). This individual species 
presented the greatest relative density in the study.   
The diversity index (H'), in R was 3.318, similar to 
the values obtained by others works in stream 
marginal areas, as an example the indices obtained 
by Soares-Silva et al., (1998) H'= 3.90, Bianchini 
et al., (2003) H'= 3.44 Ivanauska et al. (1999), H'= 
3.77 and by Botrel et al. (2002) H'= 3.734. The 
equability index (J) was 0.773, indicating 
concentration of abundance in few species, which 
was in agreement with the study of Brotel et al. 
(2002). This was possibly due to occurrence of 
species adapted to the fluvial regime, which was 
the characteristic environment of the area. 
In Re, the diversity index (H') was 3.755 and the 
equability was 0.845, values comparable with 
other indices obtained in preserved semi-
deciduous forests (Ivanauska et al., 1997).  For 
example Soares-Silva (1990) obtained H'=3.69,  
Botrel et al. (2002) obtained H'= 3.10, Gandolfi et 
al. (1995) H'= 3.73 and Martins (1993) H'= 3.63. 
From the 73 species of the R, the first twenty 
largest Importance Values (IV) (Table 4) 
comprised 75.1% of the total number of 
individuals.  The species that represented the 
greatest density was Triplaris americana with 213 
individuals (RD= 14.32), followed by 
Calophyllum brasiliense with 144 individuals 
(RD= 9.68), Sloanea guianensis with 120 
representatives (RD= 8.07), Cecropia 
Pachystachya with 108 representatives (RD= 7.26) 
and Hymenaea courbaril with 104 representatives 
(RD= 6.99) (Fig.2(a)). The species Triplaris 
americana was the most frequent, appearing in 
92.5% of the parcels surveyed. The high frequency 
value indicated that the species had a wide 

distribution throughout the forest, confirming the 
preliminary studies made in the CaiuaEE by IAP 
(1997). All of this species have their occurrence 
registered in others studies made in similar 
environments (ELETROSUL, 1986; Campos and 
Souza, 1997; IAP, 1997; Souza, 1998). 
The species surveyed in the study characterize the 
structure of the alluvial semi-deciduous forest, and 
corresponded to the same species identified in 
other works. According to Roderjan et al. (2002) 
these species corresponded to the portion of the 
stream that was vulnerable to periodic flooding. 
Areas dominated by hydromorfic soils such as the 
Neosoils Flúvic, Neosoils Quartzarênic 
hydromórfic and Gleisoils were where these 
species frequently occurred. It was possible to 
observe the position of these species in relation to 
their IV, which were variable in different studies.  
This cont be attributed to the spatial variability of 
the substrate and by the higher or lower degrees of 
disturbance found in these environments (Campos 
and Souza, 2002). 
Twenty of the 85 species surveyed in the Re 
(Table 4) accounted for 65.5% of the total IV.  
Cecropia pachystachya had the greatest density 
with 72 occurrences (RD= 6.3%), followed by 
Alchornea triplinervia with 71 occurrences (RD= 
6.2%), Croton floribundus with 64 occurrences 
(Rd= 5.58%), Astronium graveolens with 59 
occurrences (RD= 5.2%), Peltophorum dubium 
with 54 occurrences (RD= 4.71) and 
Chrysophyllum gonocarpum with 49 occurrences 
(DR= 4.3%). Alchornea triplinervia was the 
species with the greatest IV (15.26) followed by 
Croton floribundus (IV= 14.96), Cecropia 
pachystachya (IV= 14.91), Gallesia integrifolia 
(IV= 13.97) and Astronium graveolens 
(IV=13.04). These species were found in different 
locations in others studies carried out in similar 
environments. For example, César and Leitão 
(1990) found that Alchornea triplinervia was in 
22nd position (IV=3.26), Croton floribundus was in 
18th position (IV= 3.62) and Astonium graveolens 
was in 15th position (IV= 6.02). Ivanauskas et al. 
(1999) documented Alchornea triplinervia  in 37th 
position (IV=1.64). Durigan et al. (2000) found 
Gallesia integrifolia in 6th position (IV= 7.9), 
Croton floribundus in 8th position (IV=6.6) and 
Astonium graveolens in 21st position (IV=3.4). 
These results showed the importance to know the 
Importance Value (IV). 
Among species with the greatest VI, the 
dominance presented by Aspidosperma 
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polyneuron (DoR=5.89) is notable as it the 
characteristic reference species of the Semi-
deciduous submontane forest, located in the 
Paranaense Plateau (Veloso, 1992). Aspidosperma 
polyneuron was found with the Ficus obtusiuscula 
(IV= 7.70), Lonchocarpus guilemminianus (IV= 
7.22) and L. muehlbergianus (IV= 6.59) (Fig. 2b). 
All of these species are present in studies 
conducted in relatively sandier soils in riverine 
systems where greater fertility and water 
availability exist for common species found in this 
ecosystem (ELETROSUL, 1986; IAP, 1997; 
Campos and Souza, 1997; Souza et al., 1997). 

There were 73 tree species found in RE.  They 
were classified as pioneer species (12 species, 
15.1%), secondary species (23 species, 31.50%), 
and late secondary species (27 species, 36.98%).  
There were 11 species (15.1%) that were 
unclassified. 
There were 85 tree species found in Re, 13 
(15.3%) of which were classified as pioneer 
species, 30 (32.3%) as early secondary species, 34 
(40.0%) as late secondary species and 8 (9.4%) 
species that were unclassified. 
 

 
Table 4 - Importance Value (IV) and number of the individuals surveyed (FREQ), by species in the R and Re 
environments. 

IV SPECIES FREQ 
ENV. (R) ENV. (Re) 

Triplaris americana L. 219 29.62 2.06 
Cecropia pachystachya Trec. 180 15.72 14.61 
Calophyllum brasiliense Cambess. 144 22.34  
Sloanea guianensis (Aubl.) Benth. 122 24.07 1.72 
Gallesia integrifolia (Spreng.) Harms 115 26. 06 13.97 
Hymenaea courbaril L. 109 15.04 1.37 
Zygia cauliflora (Willd.) Killip ex Record 109 10.45 6.82 
Alchornea triplinervia  (Spreng.) Müll. Arg. 72 0.28 15.26 
Croton floribundus Spreng 70 1.14 14.96 
Vochysia tucanorum Mart. 66 10.64 1.72 
Ocotea diospyrifolia (Meissn.) Mez. 65 4.86 8.83 
Lonchocarpus guilleminianus  ( Tul. ) Malme 62 7.37 7.22 
Peltophorum dubium (Spreng.) Taub. 62 2.45 11.04 
Astronium graveolens Jacq. 59  13.04 
Chrysophyllum gonocarpum (Mart. and Eichler) Engl. 59 2.79 11.85 
Guarea guidonia (L.) Sleumer 55 7.7 8.19 
Guatteria sp 55 7.89 1.47 
Nectandra mollis (Kunth) Nees 54 3.47 8.28 
Guarea kunthiana A. Juss. 48 1.67 8.1 
Parapiptadenia rigida (Benth.) Brenan 44 0.51 8.86 
Bastardiopsis densiflora (Hook. and Arn.) Hassl. 40  9.46 
Lonchocarpus muehlbergianus Hassl. 38 4 6.59 
Mangifera indica L. 38 0.57  
Solanum sp 37 7.55  
Metrodorea nigra A. St.-Hil. 35  5.36 
Maytenus ilicifolia (Schrad.) Planch. 34 5.59 0.3 
Miconia discolor Macfad. 32 5.75  
Casearia gossypiosperma Briq. 25 4.62 6.48 
Nectandra cissiflora Nees 25 2.3 4.35 
Cassia ferruginea (Schrader) Schrader ex DC. 23  0.63 
Protium heptaphyllum Aubl. March. 23 3.52  
Albizia hassleri ( Chod. ) Burkart 22 3.41 4.28 
Tapirira guianensis Aubl. 22 4.31 0.37 
Apuleia leiocarpa (Vogel) J.F. Macbr. 20 4.85 2.45 
Eugenia uniflora  L. 20 3.22 2.51 
Ficus obtusiuscula Miq. 20 6.7 7.7 
Campomanesia xanthocarpa Berg. 19 2.17 4.4 

   Cont. …
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Cont. Table 4    
Actinostenom cancolor (Spreng.) Mull. Arg. 18 3.8  
Trema micrantha (L.) Blume 18 0.96 2.61 
Citrus aurantium L. 17 2.4 1.49 
Annona cacans Warm. 16  5.02 
Cedrela fissilis Vell. 16  6.26 
Holocalyx balansae Micheli 16 3.43 3.03 
Blepharocalyx salicifolius (Kunth) O. Berg. 14 2.64 0.8 
Aspidosperma polyneuron Müll. Arg. 13 1.03 7.9 
Bougainvillea glabra Choisy 12 1.2 2.73 
Poecilanthe parviflora Benth. 12 2.48  
Nectandra falcifolia ( Nees ) J.A.Castigl. 11 0.29 2.55 
Jacaratia spinosa (Aubl.) A. DC. 10  3.64 
Machaerium stipitatum (DC.) Vogel 10  7.24 
Balfourodendron riedelianum (Engl.) Engl. 9  2.37 
Peschiera fuchsiaefolia  (Mull.Arg.) MIers 9 0.26 1.65 
Rapanea ferruginea  (R. and P.) Mez 9 1.07 1.51 
Celtis sp 8 1.85  
Eugenia involucrata DC. 8 1.53  
Cariniana estrellensis (Raddi) Kuntze 7 2.24 1.36 
Chlorophora tinctoria (L.) Gaudich. ex Benth. 7 0.62 1.32 
Diatenopteryx sorbifolia Radlk. 7  1.61 
Melia azedarach L. 7 1.99 1.93 
Myrciaria tenella (DC.) O. Berg. 7 1.22 0.92 
Plinia rivularis (Camb.) Rotman 7 0.87 1.63 
Pouteria caimito (Ruiz and Pav.) Radlk. 7 4.08  
Pterogyne nitens Tul. 7  1.83 
Zanthoxylum rhoifolium Lam. 7 0.28 1.43 
Acrocomia aculeata (Jacq.) Lodd. ex Mart. 6  2.75 
Citrus sp1 6 0.78 0.70 
Copaifera langsdorffii Desf. 6 3.23 2.68 
Cordia trichotoma (Vell.) Arráb. ex Steud. 6  1.82 
Inga fagifolia G. Don 6 1.61  
Syagrus romanzoffiana (Cham.) Glassman 6 0.3 2.16 
Inga uruguensis Hook. and Arn. 5 0.33 1.49 
Mezilaurus sp 5 1.87  
Psidium guajava L. 5  0.9 
Cabralea canjerana (Vell.) Mart. 3  1.04 
Colubrina glandulosa Perkins 3 0.34 0.66 
Trichilia hirta L. 3 1.07  
Acacia polyphylla DC. 2  0.58 
Allophylus edulis (A. St.-Hil., Cambess. and A. Juss.) Radlk. 2 0.3 0.29 
Anadenanthera macrocarpa (Benth.) Brenan 2  0.44 
Campomanesia guazumaefolia Blume 2  0.6 
Coussarea platyphylla Müll. Arg. 2 0.35  
Esenbeckia febrifuga (A. St. Hil.) A. Juss. ex Mart. 2 0.36 0.32 
Machaerium aculeatum Raddi 2  1.46 
Maytenus alaternoides Reissn. 2 0.25 0.29 
Monimia sp 2  0.42 
Myrciaria trunciflora O. Berg 2 0.26 0.56 
Myroxylon peruiferum L.f. 2  0.58 
Ruprechtia laxiflora Meisn.. 2 0.27 0.29 
Schizolobium parahyba (Vell.) S.F. Blake 2  1.23 
Sweetia fruticosa Spreng. 2 0.27 0.3 
Aegiphila sellowiana Cham. 1  0.31 
Aspidosperma cylindrocarpon Müll. Arg. 1  0.41 
Casearia decandra Jacq. 1  0.29 
   Cont. …
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Cont. Table 4    
Citrus sp 1 0.25  
Cordia ecalyculata Vell. 1  0.31 
Croton urucurana Baill.  1 0.25  
Didymopanax morototoni ( Aubl. ) Decne. and Planch. 1  0.45 
Enterolobium contortisiliquum (Vell.) Morong 1  0.43 
Eugenia pyriformis Cambess. 1  0.36 
Genipa americana L. 1 0.3  
Helietta apiculata Benth. 1  0.47 
Quillaja brasiliensis (A. St.-Hil. and Tul.) Mart. 1 0.26  
Roupala brailiensis Klotzsch 1  0.34 
Securinega guaraiuva Kuhlm. 1 0.51  

 
 
Comparative analysis between the R and Re. 
 
The structure of the tree community in the 
different environments, R and Re showed 
differences in various attributes. The Re area had a 
greater number of species, families and specific 
diversity. Dimensions of relationships between 
species in the community, like abundance, 
frequency and dominance (represented by category 
IV) were summarized using the Detrended 
Correspondence Analyses (DCA), which created 
the axis DCA1 with auto value (λ) = 0.57180, and 
the DCA2, auto value (λ) = 0.33225. Results 
showed that the distribution of transects was well- 
defined for the distribution of the characteristic 
species from each environment studied. Transects 
of the sampled area were separated into two 
distinct groups: the first composed by transects 1-8 
for R and the second for transects 9 -15 for the Re  
(Fig. 3a). 
There were species that were characterized in 
transects, mainly those species that were identified 
in only one transect.  For example, Croton 
urucurana and Genipa americana (sp_41 and 
sp_51) were sampled only in transect 8, Protium 
heptaphyllum (sp_86) was sampled only in 
transect 4 and Enterolobium contortisiliquum 
(sp_44), Machaerium aculeatum (sp_63) and 
Psidium guajava (sp_87) were sampled only in 
transect 15 (Fig. 3b). 
The relationships between vegetation and edaphic 
characteristics in the environment were generally 
characterized by the transect and distribution of 
the species. Dynamic processes, involved in 
shaping the composition of forest communities 

provided a theoretical framework for 
understanding how riparian vegetation developed 
(Neiff, 1986; Reichardt, 1989; Rodrigues, 1991; 
Soares and Perez-Filho, 1997; Campos and Souza 
2002).  The physical and chemical properties of 
the soil were also important attributes (Kramer, 
1975; Odum, 1988 and Richard, 1998).  This study 
used soil texture to help in determining the 
relationship between soil and vegetation in the 
environment. The two areas, R and Re, were 
significantly different (P<0.05) in soil texture and 
the DCA1 axis, which represented category VI of 
the indicator species in the transects. The 
correlation between soil texture and the DCA1 
scores were evaluated by Pearson’s Correlation 
Analysis showing a statistically significant 
(p<0.05) between the factors, (soil texture and 
sites). 
The phytosociological profile of the forests in the 
two environments studied represented by category 
IV had a significant correlation (p<0.05) with soil 
texture showing an association of the species to 
their occurrence in their respective environments.  
This correlation was most evident in transect 8 
(R), even though the clay texture suggested that it 
was a typical alluvial soil for the region, the 
texture was close to a typical Argisoil.  The 
correlation between vegetative structure and soil 
texture in this transect suggested that the structural 
characteristics of the vegetation in R assume the 
structural characteristics of the vegetation of Re, 
as shown in the graphics of the Fig. 4 (a), (b) e (c). 
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Figure 2 - Importance Value (IV) with their respective values of the relative density (RD), relative 

dominance (RDo) and relative frequency (RF) to the most important species surveyed in 
the R and Re at CaiuáEE. 
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Figure 3 - Ordination of the scores derivative from the Detrended Correspondence Analyses (DCA), 
involving the results of the IV by environments (a) and by species (b). 
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Figure 4 - Pearson’s Correlation between the DCA axis and the soil texture: (a) sand; (b) silt and (c) clay 
 
 
CONCLUSION 
 
The ordination process based on Detrended 
Correspondence Analyses (DCA) summarized 
parameter of category VI and demonstrated the 
relationship between the vegetation and edaphic 
features analyzed in this study through a 
comparison of soil texture and vegetation 
distribution in the different systems. Descriptive 
characteristics of the community, such as richness, 
abundance and biomass did not differentiate 
significantly between environments but helped in 
the characterization of the environments of R and 
Re. The factors of the phytosociological 
relationships between the species in the one 
community, such as dominance, frequency and 
abundance, represented by the IV, help to 
characterize the environment. Croton urucurana, 
Genipa americana, Protium heptaphyllum, 
Enterolobium contortisiliquum and Machaerium 
aculeatum were shown to be indicator species in 
the environment. 
It was possible to define a vegetation matrix 
associated with the different environments.  
Possible future complementary studies would 
include collection of a more comprehensive set of 
edaphic characteristics. This would help in the 
better understanding of the dynamics of the 
ecosystem and the development forest 
communities.  The definition of the matrices in 
this study contributed to the species selection 
processes. This is an important element in 

rehabilitation projects of similar forested 
ecosystems. 
 
 
RESUMO 
 
Das análises das propriedades física e química dos 
solos, da florística e da fítossociológica da 
vegetação arbórea de fragmentos da floresta 
estacional semidecidual localizados às margens do 
Rio Paranapanema (R) e do Reservatório de 
Rosana (Re) na Estação Ecológica do Caiuá 
(22°41'S e 52°55'W), verificou-se as correlações 
vegetação x solo. Utilizou-se fotografias aéreas e 
imagens de satélite para determinar a similaridade 
da cobertura florestal e alocar 15 transectos de 
50m x 30m (1500m2) cada, amostrou-se os 
indivíduos com perímetro a altura do peito (PAP) 
≥  15 cm. No R amostrou-se 1487 indivíduos, de 
33 famílias, 64 gêneros e 73 espécies e índice de 
Shannon-weaver (H') de 3,318. No Re registrou-se 
1146 indivíduos de 35 famílias, 72 gêneros e 85 
espécies e H’ de 3,755. Os resultados mostraram 
ambientes estatisticamente diferentes e efetiva 
correlação entre os atributos físicos do solo e os 
Valores de Importância (VI) ordenados pela 
Detrended Correspondence Analysis (DCA).  
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