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ABSTRACT — The knowledge of the environmental variable seffect on the distribution of tree species is
of great importance, since it contributes to a greater efficiency on the management of forests and on the
conservation of degraded areas. In order to identify these effects on native species from the western region
of Parana, 21 plots of 2,000 m? were installed in the Iguagu National Park. The plots were distributed along
the altitude gradient, between 150 and 750 m, and in different positions of the drainage ramps, from the
river banks to the plateau regions. After the data processing carried out by Canonical Correspondence Analysis,
it was identified species that are distributed in the vegetation according to the variations of altitude, humidity,
fertility, saturation by aluminum and soil clay content. Some species presented tolerance to the environmental
variations, a typical characteristic of species of wide geographic occurrence.

Keywords: Environmental characteristics; Ecology of species; Multivariate analysis.

EFEITO DE VARIAVEIS AMBIENTAIS NA DISTRIBUICAO DE ESPECIES
ARBOREAS NO PARQUE NACIONAL DO IGUACU

RESUMO — O conhecimento do efeito das varidveis ambientais na distribui¢do das espécies arboreas é de
grande importdncia, pois contribui para uma maior eficiéncia no manejo de florestas e na conservagdo de
areas degradadas. Com o objetivo de identificar estes efeitos para espécies nativas da regido Oeste do Parand,
Joram instaladas 21 parcelas de 2.000 m? no Parque Nacional do Iguagu. As parcelas foram distribuidas
ao longo do gradiente de altitude, entre 150 e 750 m, e em diferentes posi¢oes nas rampas de drenagem,
desde as margens dos rios até as regides de platé. Apos o processamento dos dados, realizado por meio
da Analise de Correspondéncia Canédnica, foram identificadas espécies que se distribuem na vegetacdo de
acordo com as variagées de altitude, umidade, fertilidade, saturagdo por aluminio e teor de argila do solo.
Algumas espécies apresentaram tolerdancia as varia¢oes ambientais, caracteristica tipica de espécies de ampla
ocorréncia geogrdfica.

Palavras-Chave: Caracteristicas ambientais; Ecologia de espécies; Analise multivariada.
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1. INTRODUCTION

Preserved remnants from forests of the Atlantic
Forest in Parana are now reduced to Conservation Units
(CU), aresult of the intense deforestation that occurred
in the past decades, driven by disordered agricultural
expansion (Sonda and Trauczynski, 2010). In the rural
properties of this region, where Permanent Preservation
Areas (PPAs) and Legal Reserves (LR) have to be
occupied by native forest species, degraded forests
and ineffective forestry projects are observed, as a
result of the lack of information on the ecology of existing
species.

One of the aspects of great importance for the
understanding of the forest species ecology is the
identification of the effect of the environmental, climatic
and pedological characteristics, on their natural
distribution. Information that contributes to a better
orientation of planting and management, reducing
mortality and favoring its development are required.

In order to identify these relationships for different
species, the use of multivariate analyzes in different
regions of Brazil has been satisfactorily performed
(Oliveira-Filho and Fontes, 2000; Budke et al., 2007;
Ferreira-Janior etal., 2007; Marques etal., 2011; Sanchez
etal., 2013). Ter Braak (1986, 1987) also reported that,
among ordination techniques, Canonical Correlation
Analysis (CCA) is preferentially indicated when the
objective is to study more deeply the relations between
environmental variables and species density.

In this context, in order to identify the environmental
variables effect on the natural distribution of the native
forest species of the West of the state of Parana and,
in this way to contribute to its conservation and
management, this study was developed in Iguagu National
Park (INP). The CU was chosen because it has an
extensive area of preserved and fully protected forest.

2. MATERIALAND METHODS
2.1. Study area

The Iguagu National Park (INP) is located in the
Atlantic Forest biome, in the western region of the
state of Parana, Brazil, with a total area of 185,262.50
hectares (ha) (Ferreira, 1999). The predominant climate
is of type Cfa which extends to altitudes close to 750
m; from this altitude it occurs the climatic type Cfb
(Alvares etal., 2013).
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The relief'is subordinate to the basin of the Iguacu
river and presents an altitude gradient that varies from
100 to approximately 750 meters (m) above sea level
(a.s.l.), as it moves away from the channel of this river
(Ferreira, 1999). Salamuni et al. (2002) pointed out that
this National Park presents two geomorphological
compartments: (I) the Central and North region formed
by amore rugged relief, locally steep relief, characterizing
more elongated and carved interfluves with undulated
hills to strongly undulated; (II) the southern region,
formed by gently rolling to rolling hills, with
predominance of tabular forms that, strictly speaking,
are a constant in the Parana basaltic spills.

Souza et al. (2017) have identified in the Park
Eutrophic MELANIC Tb GLEISSOLO, Eutrophic
REGOLITIC NEOSOLS, Dystrophic RED LATOSOL,
Eutrophic RED LATOSOL and Eutrophic RED NITOSOL,;
the last two with the greatest recurrence. Bhering (2007)
reported, in addition, the occurrence of ORTHIC
RENDZIC CHERNOSOL, HAPLIC GLEISSOL and
Eutrophic LITOLIC NEOSOL.

The predominant vegetation is of the Semideciduous
Seasonal Forest (SSF) type, in the northern portion
of the Park is observed an Ecotone of this vegetation
with the Montana Mixed Ombrophylous Forest (MOF),
at altitudes around 750 m. The SSF that occurs is divided
into Montana (750 m) and Submontana (650 m)
formations, the latter subdivided into two sub-formations:
(I) Humid, in the valleys that accompany the water
courses, where there is pedological variability and greater
humidity, without occurrence of hydromorphism or
alluvial deposition in the soil due to the bed of the
watercourses being controlled by geological faults
and; (II) Typical on plateaus with deep soils and lower
humidity (Souza etal., 2017).

2.2. Data and Analysis

For vegetation sampling, seven groups of three
plots were distributed along the altitude gradient of
the Park and internalized in the vegetation in the west-
east direction (Figure 1). In each group, the plots were
positioned perpendicular to the drainage ramps and
with variable distances between them, distributed from
the base to the plateau regions, close to the water dividers.
In total, 21 plots with a sample area of 2,000 m? (20
x 100 m) were installed, totaling 4.20 hectares (ha) of

sampled area.
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Figure 1 — Location of the plots group installed in the Iguagu
National Park.
Figura 1 — Localizag¢do dos grupos de parcelas instaladas
no Parque Nacional do Iguacu.

This design was used in order to ensure that
sampling was performed at the different levels of
environmental gradients in the Park. The design was
adapted from the studies of Oliveira-Filho et al. (1994);
Ferreira-Junior et al. (2007); Higuchi et al. (2008) and
Giehl and Jarenkow (2008). The plot surface was defined
based on considerations made by Augustynczik et al.
(2013).

The circumferences were measured at 1.30 m from
the soil, with metric tape, of all live trees with a
circumference of 15.70 centimeters or more (DBH >
5.00 cm). The species were identified in the Botanical
Museum of Curitiba and, when necessary, the botanical
material collected in the field was sent to specialists.
The species nomenclature follows the Missouri Botanical
Garden (tropicos.org) and the classification follows
Angiosperm Phylogeny Group (2009).

It was used the CCA (Ter Braak, 1986, 1987) for
the analysis of the effect of environmental variables
on species management. Data processing was performed
by PC-ORD for Windows version 6.0 software (McCune
and Mefford, 2011). In the CCA the main matrix was
formed by the 70 species that presented density greater
than or equal to 10 individuals (columns), distributed
in the 21 plots (lines); however, the values were
transformed to Log,, (x + 1) with the objective to reduce
variance (Palmer, 1993). The secondary matrix was formed
by the 19 environmental variables (columns) recorded
in the 21 plots (lines); to reduce the variance the values
were transformed to Log , (x + 1) and normalized to
a standard normal distribution.
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The secondary matrix presented the values for
altitude, slope, soil drainage, humidity, clay, silt, sand,
pH, C,P,K*, Ca*?, Mg*?, Al"3, H" + Al"3, as well as,
Sum of Bases (SB), Cation Exchange Capacity (CEC),
Saturation by bases (V%) and by Aluminum Saturation
(Al%). The altitude in each plot was attributed according
to the altitude plateau in relation to sea level, varying
from 150 to 750 m above sea level. For the determination
of the physical and chemical characteristics of the soil,
ahomogenized composite sample of 500 g of superficial
soil (zero to 20 cm) collected at five points along the
central line of each plot was analyzed in the laboratory.

Slope and soil drainage were determined according
to Empresa Brasileira de Pesquisa Agropecuaria (2006),
referenced in numerical values from one to five. The
following classes were adopted for slope: (1) flat (O-
3%); (2) soft-undulated (3-8%); (3) undulated (8-20%);
(4) strong-undulated (20-45%) and; (5) mountainous
(45-75%). Soil drainage classes were: (1) very poorly
drained; (2) moderately drained; (3) well drained; (4)
and; (5) strongly drained.

The humidity of the environment was categorized
into three levels. Determined arbitrarily, taking into
account the field observations in each plot, the position
in the drainage ramp and the distance from the bed
of the existing rivers; the geographic orientation of
the drainage ramps and their respective time of direct
sun exposure were also considered. The moisture classes
were: (1) low; (2) intermediary and; (3) high.

The CCA was carried out in two stages. Initially
containing all the environmental variables and, in the
sequence, only those that presented canonical correlation
greater than 0.50 for at least one of the ordering axes,
considered significant in the distribution of the species
(Ter Braak, 1986, 1987; Palmer, 1993). Redundant variables
with high correlation were also excluded from the final
matrix of environmental data.

3. RESULTS
3.1. Observed Environmental Characteristics

It is possible to observe high variability of
environmental characteristics in the plots allocated along
the altitude gradient of the PNI (Table 1). However, it
should be noted, that the plots at altitude of 150 m did
not show variability for any of the factors analyzed; the
slope did not vary in the plots in 650 and 750 m and the
soil class did not change in the altitude of 750 m.
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3.2. Vegetation Ordering

The five variables that formed the final CCA matrix
were: altitude (m), V%, Al%, clay content (%) and humidity.
The total variance that could be explained in the species
density matrix was 1.22 and, from this total, 29.20%
was explained by the first two ordering axes, 17.60 and
11.60%, respectively. The eigen values observed for
both axes were 0.21 and 0.14.

Correlations 0f 0.95 and 0.84 between the ordering
axes and the environmental variables were accepted,
since the Monte Carlo test presented high significance
for the first axis (p-value = 0.001). This result indicated
that there is no linear relationship between the data
matrices.

The canonical correlation of the environmental
variables with the ordering axes followed the same trend
ofthe Pearson correlation () observed among the variables,
with exception of humidity, which was better correlated
with the second axis (Table 2). Altitude, aluminum saturation
and clay content showed a positive correlation with
the first axis, as opposed to base saturation, which was
negatively correlated with this axis.

Figure 2 shows the ordering diagram for the 21
plots and 70 species analyzed, which were codified
to facilitate visualization; the code for each species
is shown between parentheses throughout the text,
after their respective citation. There are two gradients
in the distribution of plots and species: one strongly
associated with altitude variation, soil fertility, clay

Table 2 — Intraset correlation for the two first CCA ordination axes and Pearson correlation (r) for standardized environmental

variables.

Tabela 2 — Correlacdo “intraset” para os dois primeiros eixos de ordenag¢do da CCA e correlagdo de Pearson (r) para

as varidaveis ambientais padronizadas .

Variable Axis 1 Axis 2 r

Altitude V % Al % Clay %
Altitude (m) 0.68 -0.26 - - - -
V% -0.98 -0.09 -0.54 - - -
Al% 0.91 0.05 0.51 -0.96 - -
Clay% 0.68 -0.46 0.39 -0.70 0.70 -
Humidity 0.13 0.56 0.35 -0.15 0.18 -0.06

V % - Saturation by bases; A/ % - Saturation by aluminum; Clay % - Soil clay content.

a) O Dystrophic RED LATOSOL
20 ® Eutrophic RED LATOSOL
® Eutrophic MELANIC Tb GLEISSOL
& Eutrophic RED NITOSOL
4 Eutrophic REGOLITIC NEOSOL

Po
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.

13
A & Humidity

Al%
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o
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Clay %
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&

Eix0 2
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Eixo1

10 00 10 20
Eixo 1

Figure 2 — a) Ordering diagram for the distribution of the 21 plots. b) Ordering diagram for the distribution of the 70
species and groups of species created according to similar environmental characteristics. V% - Saturation by base;
Al% - Aluminum saturation; Clay % - Soil clay content.

Figura 2 — a) Diagrama de ordenag¢do para a distribui¢do das 2 1 parcelas. b) Diagrama de ordenag¢do para a distribui¢do
das 70 espécies e grupos de espécies formados de acordo com caracteristicas ambientais semelhantes. V% - saturagdo
por bases; Al% - saturagdo por aluminio; Clay% - percentual de argila.
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content and saturation by aluminum, and another
associated with humidity.

Plot 21 stood out at the right end of the diagram,
while plots 19 and 20, due to lower A1% and clay content,
were positioned a little more to the center. The reduction
of aluminum saturation and of an altitude plateau, as
well as the increase in soil fertility of plots 16 and 18,
were responsible for their position in the lower left
portion of the diagram. Plot 17 appeared more to the
right, result of the dystrophic soil, higher A1% and
clay content.

The highest concentration of plots on the left side
of the diagram was a result of the predominance of
high fertility soils with reduced Al% and clay content
in the lower PNI regions. However, the variation of
humidity between the environments of this region
associated to the proximity to the river beds contributed
strongly to the dispersion of the plots in the diagram.

In the upper portion were placed plots 4, 5,7, 8,
9 and 13, which presented high humidity, as well as
plot 14 that presented intermediate humidity. A little
further down, positioned next to the V% vector, plots
1, 2 and 3 were positioned; this result is justified by
low humidity and high fertility. Plots 10 and 11, further
to the center, were thus positioned because of the
intermediate altitude and humidity. In the lower left
portion of the diagram were placed plots 6, 12 and 15,
reflecting mainly the low humidity.

The species were distributed in a dispersed manner
and according to the respective densities in the plots.
The further away from the center and close to a given
vector, the greater was its association with it, as well
as the other environmental vectors that make up the
canonical axis. The closer to the center of the diagram,
the greater the tolerance (plasticity) of the species
in relation to the environmental variables represented
by the set of vectors that make up the diagram.

In the right portion of the diagram a group formed
by species with a score greater than 0.50 for the first
ordering axis was observed, which presented higher
density in plots 19, 20 and 21. This group was formed
by Alchornea glandulosa (2), Araucaria angustifolia
(6), Casearia obliqua (15), Ilex paraguariensis (35),
Luehea divaricata (42), Matayba elaecagnoides (44),
Mollinedia clavigera (45), Ocotea indecora (51), Prunus
myrtifolia (62), Styrax acuminatus (64) and Styrax
leprosus (65).

Revista Arvore. 2017;41(6):e410609
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Some species with a positive score for the first
ordering axis, between zero and 0.50, were positioned
in the upper portion of the diagram, close to the Moisture
vector; this result is associated with the recurrence
of these species, both in the higher altitude plots and
in the plots with higher fertility and high humidity soils
at lower altitudes. This is the case of Allophylus edulis
(4), Annona emarginata (5), Banara tomentosa (9),
Casearia decandra (14), Casearia sylvestris (16),
Cupania vernalis (25), Dalbergia frutescens (26),
Lonchocarpus campestris), Myrsine umbellata (47),
Nectandra lanceolata (48), Parapiptadenia rigida
(53) and Syagrus romanzoffiana (66).

A third group, which is also positively associated
to the first ordering axis, between zero and 0.50, was
formed by species that were positioned at the bottom
of'the diagram. This group was composed by species
that were positively associated with the highest altitudes,
but that also occurred in environments with fertile soils
and low humidity, located at lower altitudes. The species
of this group were Alchornea triplinervia (3), Cabralea
canjerana (11), Cedrella fissilis (18), Jacaranda
micrantha (38), Jacaratia spinosa (39), Myrocarpus
frondosus (46), Ocotea silvestris (52), Prockia crucis(56),
Psychotria carthagenensis (58), Sebastiania
commersoniana (60) and Sorocea bonplandii (63).

In the lower left portion of the diagram were placed
species that presented higher density in the plots
between 150 and 650 m and that presented predominantly
high fertility and low humidity. Belong to this group
the following species: Acacia bimucronata (1),
Aspidosperma polyneuron (7), Balfourodendron
riedelianum (8), Cecropia pachystachya
(17),Chrysophyllum gonocarpum (19), Chrysophyllum
marginatum (20), Cordia ecalyculata (23), Cordia
trichotoma (24), Eugenia burkartiana (28), Euterpe
edulis (30), Ficus luschnathiana (31), Guarea kunthiana
(32), Holocalyx balansae (34), Inga marginata (36),
Ixora venulosa (37), Nectandra megapotamica (49),
Plinia rivularis (55), Trichilia catigua (67) and Trichilia
claussenii (68). In this group, species that positioned
more to the left and above were less tolerant to altitude
increase and more tolerant to increase of humidity,
respectively.

In the upper left portion of the diagram are positional
the species of the fifth group: Bastardiopsis densiflora
(10), Calliandra foliolosa (12), Campomanesia
xanthocarpa (13), Citrus sinensis (21), Cordia americana
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(22), Diatenopteryx sorbifolia (27), Eugenia
subterminalis (29), Hennecartia omphalandra (33),
Lonchocarpus nitidus (41), Machaeriumstipitatum
(43), Ocotea diospyrifolia (50), Pilocarpus pennatifolius
(54), Sebastiania brasiliensis (59), Seguieria guaranitica
(61), Trichilia elegans (69) and Ureara baccifera (70).
This result is due to the higher density in the plots
installed at lower altitudes, which presented as
outstanding characteristics the high fertility of the
soil and the high humidity.

4. DISCUSSION

Humidity was the only variable well correlated
with the second canonical axis, as a result of the low
correlation with all other variables. This result can be
explained by the location of the plots in humid
environments along the altitude gradient analyzed,
from the montana environments, with low fertility soils
and the transition climate between Cfa and Cfb, to
submontane environments, with high fertility soils,
Cfa climate and located on the banks of the waterways,
at the base of the drainage ramps.

The CCA explained 29.20% of the variance observed
in the density matrix, indicating that the species
distribution presented a lot of unexplained variance,
a common result in vegetation studies (TER BRAAK,
1987). The canonical axes, however, were not
compromised, since no significant differences were
observed between the data matrices by the Monte Carlo
permutation test.

Ferreira-Junior et al. (2007) explained more than
50% of the variance with a matrix of 28 species and
five environmental variables. These authors obtained
eigen values of0.37 and 0.17, respectively, for the
first two ordering axes, which explained 38.70 and 17.70%.
Cordeiro (2010) also found higher values for the variance
explained by the ordering axes when analyzing a matrix
of 25 species and five environmental variables, reaching
79.80%.

Botrel etal. (2002) found results close to the present
study when analyzing a matrix of 48 species and four
environmental variables, totaling 27.20% of the total
variance explained by the two first ordering axes. It
is noteworthy, when comparing these results, a negative
correlation between the numbers of species analyzed
and the respective variance explained.

SIIF

In the right portion of the diagram, associated
with the highest altitude and low fertility soils with
high aluminum content, the characteristics of the Ecotone
MOF/SSF environment in the PNI (Souza et al., 2017),
were positioned the preferential species of ombrophylous
forests A. angustifolia and I. paraguariensis
(Saueressig, 2012). Reissmann et al. (1999) identified
1. paraguariensis occurring naturally also in acidic
soils with high aluminum content. Cordeiro (2010), on
the other hand, identified A. angustifolia on deep soils
of'the type Bruno LATOSSOL and Humic CAMBISSOL,
the latter with high levels of Al1%. Other researchers
who also identified 4. angustifolia associated to soils
with higher acidity and aluminum contents were Silva
etal. (2012).

In the lower part of the ordering diagram, recurrent
species were observed in plots with high fertility and
low humidity soils located in plateau regions at altitudes
of 150 to 650m. Holz et al. (2009) also identified G
kunthiana and E. edulis in regions with similar
characteristics, emphasizing that they are recurrent
species mainly in forest environments in an advanced
stage of conservation. E. edulis, A. triplinervia and
T. claussenii also appear in Jarenkow and Waechter
(2001) studies in an environment similar to the PNI.
Del Quiqui et al. (2007) also found in a plateau of SSF
Submontana, in the north of Parana, H. balansae and
A. polyneuron. Costa et al. (2006), in turn, cited 4.
polyneuron and B. riedelianum under the same
environmental conditions.

M. frondosus also appears in the upper portion
of the diagram, slightly to the right due to the higher
occurrence in the intermediate altitude regions (450
to 650 m). Scipioni et al. (2011) observed this species
in a seasonal forest of soft-undulated relief and well
drained soils, with altitudes around 550 m. Saueressig
(2012), also pointed out that the species, typical of
seasonal forests, occasionally occurs in ombrophylous
forests.

Oliveira-Filho et al. (1994) and Botrel et al. (2002)
mentioned that caution must be exercised in the
interpretation of certain correlations between species
and environmental variables in the CCA. An example
is S. commersoniana, which was positioned at the bottom
center of the diagram, known as preferential species
of humid environments (Botrel et al., 2002; Barddal
et al., 2004; Scipioni et al., 2013). The positioning of
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this species in this region of the diagram was associated
to the reduction of its occurrence in the plots in lower
altitude environments, with high humidity and high
fertility soils.

S. brasiliensis, a species of the same family of
S. commersoniana, located in the upper portion of the
diagram, is also described as preferential in humid
environments by Botrel et al. (2002) and Barddal et
al. (2004). Ferreira (1999) has also recorded the recurrence
of'this species in this type of environment of the INP,
as well as the absence of S. commersoniana at lower
altitudes, which corroborates with the results observed
in this research.

Also in the upper region of the diagram, C.
americana, L. nitidus and M. stipitatum were associated
with high humidity in SSF Submontana regions, which
were also observed by Scipioni et al. (2013) in an Alluvial
Submontana FED. Costa et al. (2006) found high densities
of B. densiflora in a Fluvic Neossol, corroborating
the distribution of this species in the Park.

Also in the upper portion of the diagram, 4. edulis,
C. decandra, C. obliqua, D. frutescens, L. divaricata,
M. elaeagnoides, M. umbellata, S. leprosus and S.
romanzoffiana were positioned between the vectors
Moisture and Al %. These species are commonly
observed in alluvial environments and drainage
headwaters, both in seasonal forests and in ombrophilous
forests (Boutrel et al., 2002; Araujo et al., 2004; Barddal
et al., 2004; Curcio et al., 2007; Giehl and Jarenkow,
2008; Silva et al., 2012; Scipioni et al., 2013).

For the species that presented low canonical value
for both ordering axes, near the center of the diagram,
greater plasticity was attributed. This was the case
of C. canjerana, C. xanthocarpa, C. sylvestris, C. fissilis,
C. marginatum, C. trichotoma, L. campestris, O.
diospyrifolia and P, rigida. Scipioni et al. (2013) identified
species occurring in environments with different water
conditions such as C. marginatum, C. trichotoma,
C. xanthocarpa and C. sylvestris. Rios et al. (2010)
also pointed out that C. canjerana and C. fissilis show
wide dispersion, occurring from the Amazon basin to
the northeast of Argentina.

5. CONCLUSIONS

The natural distribution of many of the native
species evaluated in this study was affected by
environmental factors, such as altitude, humidity, fertility,
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aluminum saturation and soil clay content. The results
obtained allow us to suggest the use of these species
in recovery, conservation and management projects
in degraded forest remnants of the Atlantic Forest.
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