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ABSTRACT

The Alluvial Forest is found along the margins of watercourses and temporarily flooded areas. The
correlation between tree vegetation and environmental variables was studied to understand the
distribution of species in Urban Alluvial Atlantic Forest (Guarapuava, Parana, Brazil). A floristic survey
was conducted in three transects, with 42 sample subunits of 100 m2 (10 m x 10 m), covering the water
gradient across the riverbed. Tree species that presented a Diameter at breast height (DBH) > 5 cm were
measured. The measured environmental variables were: piezometric level, soil moisture, resistance to
penetration, and chemical and granulometric analyses of the soil. Groupings were formed using the
TWINSPAN multivariate technique, and environmental variables were correlated with abundance (ind.
ha') using Canonical Correspondence Analysis. Four groups were identified: (1) drained; (2) intermediate
characteristics; (3) saturated; and (4) hydromorphic soils. Subunits with higher water influence showed
the lowest diversity values and the highest dominance values. The canonical correspondence analysis
showed that the distribution of Gymnanthes klotzschiana, Ligustrum lucidum, and Allophylus edulis is
related to soil water saturation, while Matayba elaeagnoides and Ocotea puberula are correlated with
drained soils. The species were separated into groups according to environmental characteristics,
indicating that hydromorphism influences the establishment of the forest community.

Keywords: Atlantic Forest; Mixed Ombrophilous Forest; Water Gradient; Water Table; Flooding

RESUMO

A Floresta Aluvial é encontrada ao longo das margens de cursos d’'agua e areas temporariamente
inundadas. A correlagdo entre a vegetacdo arborea e varidveis ambientais foi estabelecida para
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entender a distribuicdo de espécies na Floresta Atlantica Aluvial Urbana (Guarapuava, Parana, Brasil).
Foi realizado um levantamento floristico em trés transectos, com 42 subunidades amostrais de 100
m2 (10 m x 10 m), cobrindo o gradiente de agua ao longo do leito do rio. As espécies arboreas que
apresentaram Diametro a Altura do Peito (DAP) > 5 cm foram medidas. As variaveis ambientais
medidas foram: nivel piezométrico, umidade do solo, resisténcia a penetracdo e analises quimicas e
granulométricas do solo. Os agrupamentos foram formados usando a técnica multivariada TWINSPAN,
e as varidveis ambientais foram correlacionadas com a abundancia (ind. ha') utilizando a Anélise de
Correspondéncia Candnica. Quatro grupos foram identificados: (1) solos drenados; (2) caracteristicas
intermediarias; (3) solos saturados; e (4) solos hidromoérficos. As subunidades com maior influéncia de
agua mostraram os valores mais baixos de diversidade e os valores mais altos de dominancia. A analise
de correspondéncia candnica mostrou que a distribuicdo de Gymnanthes klotzschiana, Ligustrum lucidum
e Allophylus edulis esta relacionada a satura¢do do solo com agua, enquanto Matayba elaeagnoides e
Ocotea puberula estdo correlacionadas com solos drenados. As espécies foram separadas em grupos
de acordo com as caracteristicas ambientais, indicando que a hidromorfia influencia o estabelecimento
da comunidade florestal.

Palavras-chave: Floresta Atlantica; Floresta Ombroéfila Mista; Gradiente de Agua; Lencol Fredtico;
Inundacao

1 INTRODUCTION

Alluvial forests are recognized as diverse and dynamic terrestrial habitats that
play a critical role in the ecological function of rivers (Canham et al., 2021). They are
involved in the maintenance of watersheds, filtering sediments, and providing habitats
foraquaticandterrestrial organisms (Yiriguietal., 2019). These environments, especially
in urban areas, are described as heterogeneous systems (Steenberg, 2018), often
subject to floods along rivers, in addition to natural and anthropogenic disturbances
(Zacarias et al., 2012). Thus, the dynamics of water in the soil combined with flooding
establish a vegetational mosaic, i.e., such factors define the distribution and diversity
of tree species along a gradient perpendicular to the river (Pasdiora et al., 2021).

In Alluvial Mixed Ombrophilous Forest (MOF) environments, some forest
species are characterized by the selectivity and adaptability in which they develop,
which are conditioned to environmental variables, especially with hydromorphic soil
characteristics, resulting in oxygen deficiency induced by flooding and the rise of the

water table (Amendola et al., 2018). With this, species need to be evolutionarily adapted
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by changing their morphoanatomical and metabolic structures to obtain energy
(Martins Bassaco et al., 2019). In this phytophysiognomy, Gymnanthes klotzschiana
Mull. Arg, cited in several studies, is identified as a key species that holds an important
role in the ecological balance of this vegetation (Kanieski et al., 2017; Longhi-Santos
et al., 2019; Martins Bassaco et al., 2019). Furthermore, the presence and insertion of
inappropriate exotic species in the urbanization of the urban MOF (such as Ligustrum
lucidum W.T.Aiton), which are adapted to these factors, have invaded and modified
the specific composition of the community (Fernandez et al., 2020), causing “self-
degradation” in the forest.

In this sense, urban Alluvial Mixed Ombrophilous Forest (MOF) environments,
such as this one, are recognized as important for waterways conservation. However,
they are threatened by anthropogenic activities since they are located in strategic areas
of development. Thus, studies observing the structure, floristics, and phytosociology
are considered relevant for understanding the biodiversity and distribution of species
(Rahman et al., 2022), verifying the influence of water and edaphic factors in the
establishment of arboreal vegetation.

The objectives of this study were established as follows: (1) to quantify different
environmental variables, (2) to carry out a floristic and dendrometric inventory of tree
vegetation, and (3) to verify the distribution pattern, i.e., the association of species
in the forest fragment. Our interest is to answer the question: Is the influence of
environmental variables affecting the distribution of tree species within the urban

fragment of Mixed Alluvial Ombrophilous Forest?

2 MATERIAL AND METHODS

The study area is comprised of an 11.5 ha fragment of Mixed Alluvial
Ombrophilous Forest, part of the Cascavelzinho River watershed (Bacia Hidrogrdfica
do Rio Cascavelzinho, BHRC) and the Carro Quebrado Stream. It is located on the

CEDETEG Campus (Centro Educacional de Desenvolvimento Tecnoldgico de Guarapuava)
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of the Midwestern State University (UNICENTRO) in Guarapuava, Parana, Brazil (Figure
1a). The area corresponds to an altitude varying between 1,000 and 1,020 meters
above sea level. The climate is classified as Humid Subtropical Mesothermal (Cfb). The
predominant soil classes in the study area are the Latossolos Bruno, which are deeper
and more structured, and hydromorphic soils of alluvial influence (A. L. Rodrigues et

al., 2016).

Figure 1 -Study area (a) and Representation of the location of the piezometer and
tensiometer installations (b) in an Urban Fragment of Alluvial Mixed Rain Forest in

Guarapuava, Parana, Brazil
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Three transects were allocated in the fragment as shown in Figure 1b (A: 15; B:
13; and C: 14 subunits); each subunit was measured as 10 m x 10 m (100 m?), starting
from the riverbank towards the edge of the fragment (B and C) and from a wetland
area (A). The floristic survey and the measurement of the Diameter at breast height
(DBH) of trees were carried out considering individuals with DBH > 5 cm.

Water and edaphic environmental variables were measured in each sample unit.

The water variables identified were: variation of the water table and soil moisture. For
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this, during the period of one year, in each plot, the piezometric level of the soil was
surveyed, monitoring the variation in the water table and the vertical oscillation of
water in the soil. The water table was measured in piezometers installed on-site, and
the piezometric level for each sample unit was determined by averaging the values
obtained. Soil moisture was indirectly measured using tensiometers installed near
each piezometer at 30, 60, and 100 cm depths.

The edaphic variables consisted of the soil penetration resistance analysis and
the different variables from the physicochemical analysis data. Penetration resistance
was measured at five places within each subunit using an electronic soil compaction
penetrometer (PenetroLOG, model PLG 1020, Falker Automacao Agricola).

Deformed samples were collected to determine the gravimetric soil moisture.
These samples were collected with a Dutch auger at depths of 0-20, 20-40, and 40-60
cm and, also, with five repetitions per sampling unit, near the collection places for
penetration resistance. These samples were taken to the laboratory for weighing and
then dried in an oven with mechanical air circulation at a temperature of 105 °C for
48 hours. Also, in each sampling unit, three soil samples were collected at a depth of
0-20 cm using a Dutch auger. These samples were homogenized to compose a single
sample for each sampling unit, directed to the determination of pH (in CaCl,), Organic
Matter (OM), base saturation percentage (V%), aluminum saturation (M%), besides the
determination of the soil textural class.

The species abundance data were processed through the multivariate
technique TWINSPAN (Two-way Indicator Species Analysis), verifying the occurrence
of patterns in the distribution of species associated with the local environmental
conditions. The analysis matrix was based on the density values (ind. ha') of the
species. For the analysis, eight variables were considered: pH, organic matter (OM),
base saturation percentage (V%), aluminum saturation (M%), penetration resistance
(PR), moisture taken together with penetration resistance (PR Humidity), piezometric

level (PL), mean moisture measured by tensiometry (Humidity), and two vegetational
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variables: Shannon diversity index (H) and dominance (G). Thus, the species matrix
was composed of 14 species of higher density (ind. ha') (G. klotzschiana; A. edulis; L.
lucidum; S. terebenthifolius; I. thezzans; I. dumosa; P. myrtifolia; C. dinisi; C. decandra;
V. megapotamica; Z. rhoifolium; M. elaeagnoides, O. puberula, and dead trees) and the
matrix with the environmental and vegetation characteristics was composed of ten
variables. The variables that presented the highest association values in the correlation
matrix and the principal axes were selected, in which the canonical correspondence
analysis was performed. The canonical correspondence analysis was performed with
the software Pc Ord for Windows, version 5.0 (Mccune et al., 2016).

With the results of the groups formed, the calculations of the horizontal structure
(phytosociology) were performed by the estimators Absolute (AD) and Relative Density
(RD), Absolute (AF%) and Relative Frequency (RF%), Absolute (ADo) and Relative
Dominance (RDo), Cover (CV), and Importance Value (IV). The ecological indices of
Shannon-Weaver Diversity (H’), Simpson’s Dominance (C), and Pielou's Equitability
(J) were calculated using the R statistical programming language, with the use of the

Vegan package (Oksanen et al., 2014).

3 RESULTS

3.1 Characterization of water table and soil moisture

Variations in the water table were observed among the different soil depths.
On average, the greater the soil depth, the higher the soil moisture was; in transect
“A” (80 m), the average annual water table was found to be 60 cm below the soil
surface. Regarding transects “B” and “C", which were allocated in a water gradient
perpendicular to the river, it was discovered that the sampling units located closer to

the river presented a more superficial water table (Figure 2a).
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Figure 2 - Average depth of the water table between 2013 and 2014 (a). Volumetric

Humidity values (%) by tensiometry in transects A (b), B (c), and C (d)
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The annual average soil moisture was found to present a dynamic variation
very similar to the piezometer values. Some sampling units were observed to present
values close to 70% moisture at 60 cm depth. This was evidenced in the sampling units
between 60 and 80 m of transect “A” (Figure 2b), in the sampling units from 10 to 40
m of transect “B" (Figure 2c), and in the sampling units from 20 to 80 m of transect “C”
(Figure 2d). The highest moisture values were recorded in the sampling units near the
river and the lowest values in the areas of better drainage near the edges.

The analysis of soil penetration resistance showed a variation of 0.295 to 1.09
MPa in the 42 subunits. On average, the highest average value was obtained by the

“A” transect, with a value of 0.826 MPa, followed by the “B” transect with an average
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value of 0.680, and the “C” transect with a value of 0.623 (Figure 3a). The same was
observed with the gravimetric moisture (U%) in the deformed samples; higher values
were obtained by transect A, reflecting higher soil water retention capacity. This was
followed by transect C and then B, with greater variations in the first sub-units (50 m)

of the three transects (Figure 3b).

Figure 3 - Penetration resistance values (Mpa) (a) and Gravimetric Moisture (U%) (b) in

an Urban Alluvial Mixed Ombrophilous Forest fragment in Guarapuava, Parana, Brazil
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3.2 Grouping Analysis

As a result, four groups were obtained: 1) well-drained soils; 2) moderately
drained with intermediate characteristics between the groups; 3) soils with water
saturation; and 4) soils with greater hydromorphy. The first division presented an
eigenvalue of 0.4197. As this value is higher than 0.30, the two groups formed were
divided, separating the sample units according to distinct characteristics (Figure 4).

The left side of the division was represented by the sampling units closer to the
edge of the fragment. Presented as indicator species were Matayba elaeagnoides, Casearia

decandra, Prunus myrtifolia, llex theezans, Ocotea puberula, Cinnamodendron dinisii, llex
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dumosa, and Schinus terebinthifolia, while the right side was represented by sampling units
highly influenced by soil water saturation, with Gymnanthes klotzschiana, Ligustrum lucidum,

and Allophylus edulis as indicator species, which generally occur in moist soils.

Figure 4 - Grouping analysis in the sampling units using the TWINSPAN technique in

an Urban Alluvial Mixed Ombrophilous Forest fragment in Guarapuava, Parana, Brazil

Sampling Units: A1, AZ, A3, A4, A5, AG, A7, AB, A9, A10, A11, A12,
A13,A14, A15, B7, B8, B9, B10, B11, B12, B13, C9, C10, C11, C12,

04197

C13eCl4.
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Prunus myrtifolia 1; llex theezans 1; Ocotea puberula 1,
Cinnamadendron dinisii 1; llex dumasa 1; Schinus terebinthifolia 1.

Preferred Species: A. edul 1 (12,1); C. dec 1 (15,1); C. dini 1
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Indicator Species: Gymnanthes klotzschiana 4; Ligustrum
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Preferred Species: A. edul 1 (6,7); L. fuci 1 (1,9); A. edul 2 (0,5);
L. lucid 2 (0,6); G. klot 3 (7,14); S. comm 4 (5,13).
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Dead 1 (6,6); M. elae 2 (9,8);
M. elae 3 (7,3); Dead 2 (3,3).

Sampling Units: A1, A2, A3, Ad, AS, AB,
A7, A8, A9, B7, B8, B9, B10, B11, B13, C9,
C10,C13eC14.

Indicator Species: Prunus myrtifolia 2;
Zanthoxylum rhoifolium 1;
Gymnanthes klotzschiana 2,

Preferred Species: A. edu/ 1 (0,6); C. dini
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(1,5); P myrt2 (0, 15); G. klot 2 (3,14); Z.
rhoi 2 (0,7); P. myrt. (0,4); G. klot 3 (0,7); G.
kiot 4 (0,5)
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Source: Authors (2024)

The four groups were formed by the second and third divisions with eigenvalues
of 0.3164 and 0.3157, respectively. The second division gave rise to the first two
groups. The first group was composed of sample units located in the highest plots

and with better soil drainage conditions. The sampling units of this group presented
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a piezometric average of 175 cm with the lowest water saturation when compared to
the other groups. This group presented Matayba elaeagnoides and Dicksonia sellowiana
as indicator species.

The second group was made up of plots with moderately drained soils with
intermediate characteristics of the other groups, presenting a piezometric average
of 140 cm with the water table closer to the soil surface. This grouping presented
Gymnanthes klotzschiana, Prunus myrtifolia, and Zanthoxylum rhoifolium as indicator
species. This hydric condition was proven to be more favorable for the development
of the species since it presented a higher diversity.

The third division gave rise to groups 3 and 4, which are totally opposite to
groups 1 and 2 in terms of drainage. The soils of the plots in these groups have difficulty
draining, as they are located in the lower parts and have higher soil moisture indexes.
The indicator species of this group were Prunus myrtifolia, Zanthoxylum rhoifolium, and
Allophylus edulis, showing the development of these species in soils with less drainage.
The fourth group, which had characteristics of soils with greater hydromorphy,
presented Ligustrum lucidum as an invasive exotic species and Gymnanthes klotzschiana

as a typical species representative of alluvial areas as preferred species.
3.3 Floristics, Phytosociology, and Ecological Indices

In the inventory, 904 individuals were sampled, 33 species distributed in 28
genera and 21 families. Among the botanical families with the largest number of
individuals are Euphorbiaceae (44.55%), Sapindaceae (14.73%), Rosaceae (9.41%),
Aquifoliaceae (6.44%). The families with the largest number of species were Myrtaceae
(4), followed by Lauraceae (3) and Sapindaceae (3). The most abundant species, which
occur in greater density (AD ind. ha') among the groups, are Gymnanthes klotzschiana,
Matayba elaeagnoides, Prunus myrtifolia, Zanthoxylum rhoifolium, Casearia decandra, llex

theezans, Ligustrum lucidum, and Allophylus edulis (Table 1).
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Table 1 - Relationship of families, species, and absolute density (AD ind. ha-1) among
the groups in an Urban Alluvial Mixed Ombrophilous Forest fragment in Guarapuava,

Parand, Brazil

Absolute Density (AD ind. ha) of

Family Species the species among the groups
1 2 3 4
Anacardiaceae Lithraea molleoides (Vell.) Engl. 10.5
Schinus terebinthifolio Raddi 52.6
o Ilex dumosa Reissek 1.1 110.5
Aquifoliaceae -
llex theezans Mart. Ex Reissek 22.2 131.6 42.9
Araucariaceae Araucaria angustifolia (Bertol.) Kuntze 53 14.3
) ) Adenocalymma album (Aubl.) L.G. Lohmann 57.1
Bignoniaceae
Jacaranda micrantha Cham. 26.3
Canellaceae Cinnamodendron dinisii Schwanke 55.6 84.2
Celastraceae Monteverdia aquifolia (Mart.) Biral 5.3
Clethraceae Clethra scabra Pers. 15.8
Dicksoniaceae Dicksonia sellowiana Hook. 55.6 53 28.6
Erythroxylaceae Erythroxylum deciduum A. St.-Hil. 53
] Sapium glandulatum (Vell.) Pax 111 10.5
Euphorbiaceae 5 .
Gymnanthes klotzschiana Mull.Arg 1333 6632 14714 2,187.1
Fabaceae Mimosa scabrella Benth. 28.6
Lamiaceae Vitex megapotamica (Spreng.) Moldenke 44.4 47.4 14.3
Ocotea diospyrifolia (Meisn.) Mez 10.5
Lauraceae Ocotea puberula (Rich.) Nees 55.6 68.4
Ocotea pulchella (Nees & Mart.) Mez 53
Malvaceae Luehea divaricata Mart. & Zucc. 15.8
Campomanesia guazumifolia (Cambess. O.Berg. 5.3
Campomanesia xanthocarpa O.Berg 53
Myrtaceae - 5 )
Eugenia pyriformis Cambess 14.3
Eugenia uniflora L. 5.3
Oleaceae Ligustrum lucidum W. T. Aiton 333 5.3 71.4 228.6
Rosaceae Prunus myrtifolia (L.) Urb. 352.6 352.6 185.7
Rutaceae Zanthoxylum rhoifolium Lam. 11.1 136.8 1714 14.3
] Casearia decandra Jacq. 55.6 126.3 42.9
Salicaceae —— -
Xylosma ciliatifolia (Clos) Eichler 421 14.3 14.3
Allophylus edulis (A.St.-Hil. et al.) Hieron. ex Niederl. 31.6 200 57.1
Sapindaceae Cupania vernalis Cambess. 5.3
Matayba elaeagnoides Radlk. 644.44 215.8 28.6
Solanaceae Solanum mauritianum Scop. 10.5
Dead species 1111 57.9 100 57.2

*(1) drained; (2) intermediate characteristics; (3) saturated; and (4) hydromorphic soils. Shaded lines represent
the species that occur in all four groups.

Source: Authors (2024)
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The highest number of individuals (2,615.8 ind. ha') and greatest dominance
(42.69 m2ha')areregisteredin group 4, while the lowest number of individuals (1,333.2
ind. ha') and dominance (21 m2 ha™) is registered in group 1, i.e., these estimators
increase from areas of drained soils to areas of hydromorphic soils. The same happens
with the average piezometric level for the sampling units, which also increases from
the first to the second group.

This same increasing pattern is observed regarding the phytosociological
estimators in group 3 (47.88%), and it triples in group 4 (65.92%). The sampling
units increase with the elevation of the piezometric level. Thus, the higher values of
dominance (RDo)in sites with greater hydric influence are directly related to the greater
quantity and size of individuals of Gymnanthes klotzschiana. This species presents the
highest Importance Value (IV%) in groups 2, 3, and 4. It demonstrates a more equitable
distribution in relation to other species with an importance value of 21.81% in group
2 (Figure 5).

When analyzing the annual average piezometric level of the groups, it is
observed that Gymnanthes klotzschiana is dominant in environments with higher water
saturation, although it occurs in all four groups formed. The samples also show that
groups 3 and 4 suffer greater influence from the elevation of the water table, which
results in selecting species specifically adapted for development.

A pattern different from Gymnanthes klotzschiana regarding the increase in
piezometric levels is presented by Matayba elaeagnoides. The species estimator tends
to decrease, having a preference for well-drained soils, with higher IV% and thus higher
density (RD), frequency (RF), and dominance (RDo) estimators in group 1 (Figure 5).

Frequency values (FR) similar to those of Gymnanthes klotzschiana were
presented by the exotic species Ligustrum lucidum, which is also found in all four groups
formed. However, lower values of density (RD) and dominance (RDo) were shown in
hydromorphic soil areas, and the species was recorded with the second highest V%

in group 4 (17.49%). Higher phytosociological estimators were exhibited by Prunus
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myrtifolia and Allophylus edulis in areas with characteristics intermediate between the
groups. Zanthoxylum rhoifolium, although present in all four groups, showed higher

descriptors for the saturated areas (Figure 5).

Figure 5 - Phytosociological Descriptors of species among the groups: well drained

soils, moderately drained soils, saturated soils and hydromorphic soils in an Urban

Alluvial Mixed Ombrophilous Forest fragment in Guarapuava, Parana, Brazil
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It is noteworthy that only the highest densities (RD) were shown in well-drained
soils (Group 1) by Matayba elaeagnoides and Dicksonia sellowiana, and the same
occurred with the dominance (RDo) of Ocotea puberula. The highest density values (RD)
and more uniform dominance values (RDo) were shown by almost all species in Group
2. In this case, the average annual piezometric level was 140 cm from the soil surface

in group 2 (with the highest phytosociological descriptors).
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The highest Shannon-Weaver diversity (H') value (2.51 nats ind") was shown by
Group 2, followed by group 1 (1.99 nats ind"), group 3 (1.54 nats ind"), and group 4
(0.70 nats ind"). The same distribution pattern was shown by Pielou equitability (J),
with the equitability decreasing from the first groups (Group 1 and 2: 0.65) to the last
ones (Group 3: 0.57 and 4: 0.40). Contrarily, dominance (C) increased from group 1
(0.25) and 2 (0.15) to group 3 (0.45) and 4 (0.36).

When better drainage conditions are present in soils (Group 1), higher diversity
(H) and equitability (J) values are observed, and lower dominance (C) is noted.
When the piezometric level increases, diversity and equitability decrease drastically;
dominance, in turn, increases considerably (Groups 3 and 4). A relatively low value for
the Pielou equitability index (J') (0.62) was resulted in for sampling units with higher

water saturation (Groups 3 and 4).
3.4 Canonical Correspondence Analysis (CCA)

Canonical Correspondence Analysis (CCA) resulted in a three-axis ordering, with
eigenvalues for axis 1 of 0.444, for axis 2 of 0.208, and for axis 3 of 0.107, explaining
22.2%, 10.4%, and 5.4% of the total data variance, respectively. The analysis indicated
that the ten environmental variables accounted for 38% of the variation in floristic
composition and density within the forest fragment. Pearson’s species-environment
correlations were strong, with values of 0.912 (axis 1), 0.816 (axis 2), and 0.633 (axis 3),
highlighting a significant relationship between environmental variables and vegetation
parameters (Table 2).

Table 2 illustrates the coefficients of correlations between environmental variables
and vegetational variables derived from CCA. Among the axis 1 variables, OM showed the
lowest correlation value. The variables pH, V%, Humidity, PL, and G showed high positive
correlations with axis 1, while PR Humidity also had a positive correlation but not as high.
The variables M%, PR, and H' presented high negative correlations with axis 1. Regarding

axis 2, the variable that correlated the most was H' negatively (Figure 6).
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Table 2 - Coefficients of correlations between environmental variables and vegetational
variables with the ordination axes resulting from the Canonical Correspondence
Analysis(CCA)inan Urban Alluvial Mixed Ombrophilous Forest Fragmentin Guarapuava,

Parand, Brazil

Variables Axis 1 Axis 2 Axis 3
pH - hydrogen potential 0.731 0.036 -0.230
OM - organic matter -0.176 -0.062 0.077
V% - base saturation 0.778 0.118 -0.236
M% - saturation by aluminum -0.795 -0.089 0.267
PR - resistance to penetration -0.551 -0.181 0.233

PR Humidity - Moisture taken together with
the resistance to penetration

PL - piezometric level 0.758 -0.275 0.141
Humidity - mean of moisture by tensiometry

0.535 -0.058 0.068

. 0.723 -0.150 -0.011
in 30, 60 and 100 cm

H’ - Shannon-Weaver diversity index -0.578 -0.511 0.088
G - species dominance (ind. ha™) 0.641 -0.006 -0.167

Source: Authors (2024)

It was demonstrated by the results that the species Gymnanthes klotzschiana,
Ligustrum lucidum, and Allophylus edulis, as shown in Figure 6, present high correlations
with axis 1. Moreover, the variables base saturation, pH, dominance, humidity, and
piezometric level are positively associated with the occurrence of these species.

The diversity and aluminum saturation variables are highly related to the
Penetration resistance (PR) variable, which is inversely represented when compared
to the other variables. This factor is evident in the case of PR since the higher its values,
the lower the humidity values are. The same happens with the aluminum saturation,
which is inversely proportional to the base saturation and the pH. In turn, diversity (H')

is highly correlated with the greatest number of species (8).
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Figure 6 - Graphical representation of the ordination resulting from the Canonical
Correspondence Analysis of species and environmental variables in an Urban Alluvial

Mixed Ombrophilous Forest fragment in Guarapuava, Parana, Brazil
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4 DISCUSSION

In the studied fragment of alluvial forest, the highest levels of water saturation
are experienced by the sample units bordering the floodplain, with an average annual
moisture content ranging from 35% to 70%. Other research has demonstrated that
these wetlands are significant carbon reservoirs and that soil organic carbon stocks
are enhanced by the occurrence of flooding periods (Yin et al., 2019). Flooding, in turn,

causes rapid depletion of oxygen in the soil pores, leading to widespread changes in
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the soil's physicochemical properties and consequently, damage to plants (Thoms et
al., 2005). The growth, activity, and survival of plants can be directly affected by these
changes (Liu et al., 2015; Yu et al., 2015).

Consequently, selective pressure is exerted on species by humid
microenvironments, influencing the composition and structure of forest formations,
and causing changes in the soil, such as a decrease in O,, accumulation of CO,, and
formation of toxic compounds (Duarte et al., 2020). As a result, the morphoanatomical
and metabolicstructures of species need to be“evolutionarily” changed to obtain energy
(Martins Bassaco et al., 2019). The distribution of woody species in hydromorphic areas
is made to depend on the adaptation strategies and selectivity of the species (Duarte
et al., 2020).

In general, it has been shown by the study of floristics that Euphorbiaceae was the
family with the highest number of individuals, which iscommonin alluvial environments
(Aimi et al., 2017; Kieras et al., 2018; Loebens et al., 2018). Gymnanthes klotzschiana has
been found to have adaptations to tolerate the stress of water saturation and can
compose from 60 to 80% of the arboreal vegetation of this formation (Barddal et al.,
2004; Guidini et al., 2014; Kanieski et al., 2017; Martins Bassaco et al., 2019). It has been
shown by the phytosociological descriptors that this species tends to increase with
the elevation of the piezometric level. Thus, it is considered that the highest values of
basal area, in the sampling units with greater water influence, are directly related to
the greater number of individuals of this species.

In general, ithas been shown by the study of floristics that Euphorbiaceae was the
family with the highest number of individuals, which iscommon in alluvial environments
(Aimi et al., 2017; Kieras et al., 2018; Loebens et al., 2018). Gymnanthes klotzschiana has
been found to have adaptations to tolerate the stress of water saturation and can
compose from 60 to 80% of the arboreal vegetation of this formation (Barddal et al.,
2004; Guidini et al., 2014; Kanieski et al., 2017; Martins Bassaco et al., 2019). It has been

shown by the phytosociological descriptors that this species tends to increase with
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the elevation of the piezometric level. Thus, it is considered that the highest values of
basal area, in the sampling units with greater water influence, are directly related to
the greater number of individuals of this species.

Ligustrum lucidum is widely dispersed as an invasive alien species in the study
area. The hydromorphic condition is adapted to by this species, with expressive
phytosociological descriptors. Rapid growth is exhibited by this species, which
can settle and survive in the shaded understory, and high phenotypic plasticity is
possessed, allowing its dispersal in a wide range of environments (Ishii et al., 2021).
The occurrence of this species in the study area is justified by the dispersal of seeds by
rainwater, as well as by the numerous individuals that were inadequately introduced
into the urban forests of the municipality. Additionally, it is dispersed by the local
fauna, as it is a zoochorous species (Bilmayer et al., 2017; Fernandez et al., 2020).
It is further corroborated by studies that water availability in the deep soil of small
watersheds is lower in forests invaded by Ligustrum lucidum than in natural forests,
suggesting reduced groundwater recharge. As a consequence, the flow may also be
altered, reducing water supply services in dry seasons (Fernandez et al., 2020).

Most species were not related to more humid environments. In these places,
there is less richness and greater dominance (C) of species, while in well-drained
places, there is greater species richness and greater diversity (H'). These ecological
indices indicate low overall diversity for the community, which is typical in alluvial
environments affected by urbanization, consistent with findings from other studies
(Barddal et al., 2004; Braga et al., 2019). This may be explained by the segmentation of
the alluvial environment, restricted to a hydromorphic micro-environment, diversely
to species poverty (Barddal et al., 2004).

Thus, the arboreal component is organized in a floristic-structural gradient
form, in which the river flooding regime and the presence of zones of greater soil
hydromorphism are relevant to the designation of a micro-environment, which

influences the distribution of species (Loebens et al., 2018). And excess soil water
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saturation enables the development of species adapted to these environments (Martins
Bassaco et al., 2019). Likewise, as proposed by Rodrigues et al., (2016), the occurrence
of a water and edaphic gradient is evident, which reflects on the vegetation, with a
higher concentration of nutrients in the sampling units close to the river. The base
saturation is higher in these sampling units due to the greater deposition of sediments
in the lower areas. Consequently, the pH is higher, and this behavior is inversely
proportional to aluminum saturation in the soil (Tavares et al., 2019).

Therefore, it is indicated by these results that in more humid areas, the
equitability of species decreases and so entails a greater dominance of species able
to develop in these environments, justifying the presence of Gymnanthes klotzschiana,
Ligustrum lucidum, and Allophylus edulis, common in these areas. In this sense, it is
possible to deduce that these three species have characteristics capable of developing
in soils with high water saturation. The relation of the basal area with these species
is the result of the high density and size of the individuals of Gymnanthes klotzschiana
present in these sampling units.

The canonical correspondence analysis showed that in alluvial environments
with high water influence, continuous and practically exclusive populations are formed
by Gymnanthes klotzschiana. The occurrence of Allophylus edulis, despite being more
correlated with the water table level, also presents a distribution in sampling units with
lower water incidence. It is indicated by studies that Allophylus edulis is associated with
environments with short periods of inundation, which explains its greater abundance
in temporarily flooded forests. While the occurrence of the species in forests flooded
for long periods is conditioned by the occurrence of micro-environments protected
from long floods (Duarte et al., 2020).

A canonical correspondence analysis supported the findings obtained through
clustering analysis. Gymnanthes klotzschiana, Ligustrum lucidum, and Allophylus edulis
were strongly correlated with variables showing higher values of V%, pH, basal area

(G), moisture, and piezometric level. Conversely, species such as Schinus terebinthifolius,
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llex theezans, Prunus myrtifolia, Cinnamodendron dinisi, Vitex megapotamica, and
Zanthoxylum rhoifolium showed a strong correlation with compacted soils, high
penetration resistance values, and higher species diversity, which is justified by their
presence in soil sample units with intermediate drainage characteristics.

Moreover, the presence of well-drained areas contributes to increased local
diversity by favoring the establishment of species less tolerant to water saturation.
On the other hand, Matayba elaeagnoides, Ocotea puberula, and dead trees showed
an opposite pattern to the variables represented on axis 1. The occurrence of these
species in areas farther from watercourses, away from direct influence of flooding
events (Loebensetal., 2018), suggests a preference for soils with lower water saturation.

In conclusion, this research presents some limitations that could be addressed
in future studies. Expanding the geographical scope, conducting long-term monitoring,
including more detailed analyses of species in forest regeneration and plant-soil
interactions, as well as further investigating the impact of anthropogenic activities
and invasive species, are essential recommendations to deepen the understanding
of ecological dynamics in these environments. These approaches may provide a more
comprehensive and accurate view of alluvial forests, contributing to more effective

conservation strategies.

4 CONCLUSIONS

Four groups were formed according to environmental characteristics based
on density data. Gymnanthes klotzschiana, Ligustrum lucidum (a high-density invasive
exotic species), and Allophylus edulis were predominant in the sampling units with
greater water influence, while Matayba elaeagnoides and Ocotea puberula showed
the highest indices in sampling units with better drainage conditions. The canonical
correspondence analysis corroborated the results found through the groups technique.
In view of this, it was observed that the environmental variables substantiated in this

work influenced the establishment of species adapted to flood pulses, resulting in
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greater dominance, while conditions of greater soil drainage influenced a different
establishment of species and greater diversity. Thus, indicating that hydromorphism

exerts influence on the establishment of the forest community.

REFERENCES

Aimi, S. C,, Araujo, M. M., Rorato, D. G., Dutra, A. F., & Callegaro, R. M. (2017). Estrutura
horizontal e influéncia de caracteristicas do solo em fragmento de Floresta Ombrofila
Mista. Nativa, 5(2), 151-156. doi: 10.31413/NATIVA.V512.4219

Amendola, D., Mutema, M., Rosolen, V., & Chaplot, V. (2018). Soil hydromorphy and soil carbon:
A global data analysis. Geoderma, 324, 9-17. doi: 10.1016/j.geoderma.2018.03.005

Barddal, M. L., Roderjan, C. V., Galvao, F., & Curcio, G. R. (2004). Caracteriza¢do floristica e
fitossociologica de um trecho sazonalmente inundavel de floresta aluvial, em Araucaria,
PR. Ciéncia Florestal, 14(2), 37. doi: 10.5902/198050981805

Bilmayer, A. F., Alves, G. C. C,, Redondo, G., Ferreira, I. ). M., & Caxambu, M. G. (2017). Analise
quali-quantitativa da espécie Ligustrum lucidum W.T. Aiton nas avenidas de Campo
Mourao, PR. Revista Da Sociedade Brasileira de Arborizacdo Urbana, 12(3), 107-119. doi:
10.5380/revsbau.v12i3.63581

Braga, E. O., & Jardim, M. A. G. (2019). Floristic, structure and life forms of lower stratum in
an alluvial dense rain forest, Para state, Brazil. Ciéncia Florestal, 29(3), 1048-1059. doi:
10.5902/1980509821834

Canham, C. A,, Duvert, C., Beesley, L. S., Douglas, M. M., Setterfield, S. A., Freestone, F. L.,
Clohessy, S., & Loomes, R. C. (2021). The use of regional and alluvial groundwater by
riparian trees in the wet-dry tropics of northern Australia. Hydrological Processes, 35(5).
doi: 10.1002/hyp.14180

Duarte, C. I., Martinazzo, E. G., Bacarin, M. A., & Colares, I. G. (2020). Seed germination, growth
and chlorophyll a fluorescence in young plants of Allophylus edulis in different periods
of flooding. Acta Physiologiae Plantarum, 42(5), 80. doi: 10.1007/s11738-020-03063-7

Fernandez, R. D., Ceballos, S. ., Aragon, R., Malizia, A., Montti, L., Whitworth-Hulse, J. I., Castro-
Diez, P., & Grau, H. R. (2020). A Global Review of Ligustrum Lucidum (Oleaceae) Invasion.
Botanical Review, 86(2), 93-118. doi: 10.1007/512229-020-09228-w

Guidini, A. L., Ferreira, T. de S., Salami, B., Marcon, A. K., Silva, A. C., Higuchi, P., Rosa, A. D.,
Junio, F. B., Spiazzi, F. R., & Negrini, M. (2014). Invasao por espécies arboreas exoticas
em remanescentes florestais no Planalto Sul Catarinense. Revista Arvore, 38(3), 469-
478. doi: 10.1590/S0100-67622014000300009

Ci e Nat.., Santa Maria, v. 46, e74098, 2024



22 | Environmental Variables, floristics, diversity, and species...

Ishii, H. R., Hara, C., Kashiwagi, K., Okabe, M., Noguchi, Y., & Hirobe, M. (2021). Spatial and
functional niche overlap between invasive Ligustrum lucidum and native woody species
in an urban shrine forest in Japan. Landscape and Ecological Engineering, 18(1), 1-10. doi:
10.1007/s11355-021-00474-7

Kanieski, M. R., Galvao, F., Roig, F. A., & Botosso, P. C. (2017). Dendroecology of Sebastiania
commersoniana (Baill.) L.B. Sm. & Downs and Hovenia dulcis Thunb. in a degraded area
in Alluvial Mixed Ombrophilous Forest, Southern Brazil. Ciéncia Florestal, 27(4), 1201-
1215. doi: 10.5902/1980509830303

Kieras, W.S., Machado, S. D. A., & Accioly, Y. (2018). Analise estrutural e dinamica de Gymnanthes
klotzschiana (Mull. Arg.) em um fragmento de Floresta Ombroéfila Mista. Scientia Agraria
Paranaensis, 17(1), 71. doi: 10.18188/sap.v17i1.16267

Liu, B., Rennenberg, H., & Kreuzwieser, J. (2015). Hypoxia Affects Nitrogen Uptake and
Distribution in Young Poplar (Populus % canescens) Trees. Plos One, 10(8), e0136579. doi:
10.1371/journal.pone.0136579

Loebens, R., daSilva, A. C., Higuchi, P., Mafra, A.L.,da Silva, J. O., Goncalves, D. A,, Souza, K., Cruz,
A. P., Rodrigues Junior, L. C., Rosa, A. D., Lima, C. L., & Buzzi Junior, F. (2018). Partitioning
of floristic-structural variation of the tree component in an alluvial araucaria forest in
Southern Brazil. Ciéncia Florestal, 28(2), 554-566. doi: 10.5902/1980509832038

Longhi-Santos, T., Galvao, F., Botosso, P. C.,, & Martins, K. G. (2019). Dendroecology of
Gymnanthes klotzschiana MUll. Arg. in a remnant area of Alluvial Mixed Ombrophilous
Forest, Southern Brazil. Ciencia Florestal, 29(3), 1363-1375. doi: 10.5902/1980509830256

Martins Bassaco, M. V., & Nogueira, A. C. (2019). Comportamento fenolégico de Sebastiania
brasiliensis em Floresta Ombroéfila Mista Aluvial. Biotemas, 32(2), 45-53. doi:
10.5007/2175-7925.2019v32n2p45

Mccune, B., & Mefford, M. J. (2016). PC-ORD: Multivariate Analysis of Ecological Data. (MjM
Solfware Desing, Ed.; Version 7). Gleneden Beach, Oregon, U.S.A. Retrieved from https://
staticl.squarespace.com/static/58f588c93e00be17785ced5d/t/5bcccc404785d3d%aac
3e266/1540148334020/PBooklet7.pdf

Oksanen, J., Blanchet, F. G., Kindt, R., Legendre, P., O'Hara, R. B., Wagner, H., Simpson, G. L.,
Solymos, P., & Stevens, M. H. H. (2014). Vegan: Community Ecology Package. Retrieved
from http://cran.rproject.org/package=vegan

Pasdiora, A. L., Ceni, D. C. D. A, Borgo, M., Curcio, G. R., Duarte, E., Marcon, A. K., & Galvao,
F. (2021). Variacdes pedologicas influenciam a composicao floristico-estrutural de
florestas aluviais? Ciéncia Florestal, 31(4), 1671-1694. doi: 10.5902/1980509841666

Rahman, I. U., Hart, R. E., ljaz, F., Afzal, A., Igbal, Z., Calixto, E. S., Abd_Allah, E. F., Algarawi, A. A,,
Hashem, A., Al-Arjani, A.-B. F., Kausar, R., & Haq, S. M. (2022). Environmental variables
drive plant species composition and distribution in the moist temperate forests of
Northwestern Himalaya, Pakistan. PLOS ONE, 17(2), e0260687. doi: 10.1371/journal.
pone.0260687

Ci. e Nat., Santa Maria, v. 46, e74098, 2024



Stocki, A. C., Mazon, J. A,, Jadoski, S. O., & Watzlawick, L. F. | 23

Rodrigues, A. L., Watzlawick, L. F., Genu, A. M., Hess, A. F., & A. A. Ebling. (2016). Atributos de um
solo florestal em uma topossequéncia e relacdes com a comunidade arbérea. Floresta,
46(2), 145-154. doi: 10.5380/rf.v46i2.36219

Rodrigues, Aurélio Lourenco, Netto, S. P., Watzlawick, L. F., Sanquetta, C. R., Dalla Corte, A. P.,
& Mognon, F. (2015). Dinamica e modelagem autologistica da distribuicdo da espécie
invasora Ligustrum lucidum W.T. Aiton em floresta nativa. Forest Sciences, 43(107), 665-
674. Retrieved from http://www.bibliotecaflorestal.ufv.br/handle/123456789/16352

Steenberg, J. W. N. (2018). People or place? An exploration of social and ecological drivers
of urban forest species composition. Urban Ecosystems, 21(5), 887-901. doi: 10.1007/
s11252-018-0764-8

Tavares, L. de S., Valadao, F. C. de A., Weber, O. L. dos S., & Espinosa, M. M. (2019). Multivariate
analysis of native forest species in relation to chemical and texture attributes of soil in
the region of Cotriguacu - Mato Grosso State. Ciéncia Florestal, 29(1), 281-291.

Thoms, M. C., Southwell, M., & McGinness, H. M. (2005). Floodplain-river ecosystems:
Fragmentation and water resources development. Geomorphology, 71(1-2), 126-138.
doi: 10.1016/j.geomorph.2004.10.011

Yin, S., Bai, J.,, Wang, W., Zhang, G., Jia, J., Cui, B., & Liu, X. (2019). Effects of soil moisture on
carbon mineralization in floodplain wetlands with different flooding frequencies.
Journal of Hydrology, 574, 1074-1084. doi: 10.1016/j.jhydrol.2019.05.007

Yirigui, Y., Lee, S.-W., Nejadhashemi, A. P., Herman, M. R., & Lee, J.-W. (2019). Relationships
between Riparian Forest Fragmentation and Biological Indicators of Streams.
Sustainability, 11(10), 2870. doi: 10.3390/su11102870

Yu, B., Zhao, C. Y., Li,J., Li,J. Y., & Peng, G. (2015). Morphological, physiological, and biochemical
responses of Populus euphratica to soil flooding. Photosynthetica, 53(1), 110-117. doi:
10.1007/s11099-015-0088-3

Zacarias, R. R., de Britez, R. M., Galvao, F., & Boeger, M. R. T. (2012). Phytosociology analysis of
two sites in the Dense Alluvial Ombrophilous Forest with hydromorphic soils, Paranag,
Brazil. Floresta, 42(4), 769-782. doi: 10.5380/RF.V4214.20409

Authorship contributions

1 - Aline Cristina Stocki

PhD student in Agronomy at the State University of the Center West (UNICENTRO), Campus
CEDETEG - Agronomy Department

https://orcid.org/0000-0001-7387-4604 « stockia27@gmail.com

Contribution: Investigation - Data Curation - Writing - Review

Ci e Nat.., Santa Maria, v. 46, e74098, 2024



24 | Environmental Variables, floristics, diversity, and species...

2 - Joelmir Augustinho Mazon

Professor at Uniguairaca University Center - Biology Department. PhD in Forestry Sciences
from the State University of the Center West (UNICENTRO), Irati Campus - Forestry Engineering
Department

https://orcid.org/0000-0003-4773-1372 + joelmir.mazon@uniguairaca.edu.br

Contribution: Investigation - Data Curation - Writing - Review

3 - Sidnei Osmar Jadoski

PhD in Agronomy from the Universidade Estadual Paulista Julio de Mesquita Filho (UNESP),
post-doctorate in Semi-arid Climate from the Universidad de Almeria (UAL/Spain) and climate
change from the Universidade de Brasilia (UnB). Professor at the State University of the Center
West (UNICENTRO), CEDETEG Campus - Agronomy Department
https://orcid.org/0000-0001-6064-2767 « sjadoski@unicentro.br

Contribution: Conceptualization - Methodology - Investigation - Data Curation - Writing -
Review - Supervision

4 - Luciano Farinha Watzlawick

PhD and post-doctorate in Forestry Engineering from the Federal University of Parana (UFPR).
Professor at the State University of the Center West (UNICENTRO), CEDETEG Campus -
Agronomy Department

https://orcid.org/0000-0001-6064-2767 + farinha@unicentro.br

Contribution: Conceptualization - Methodology - Investigation - Data Curation - Writing -
Review - Supervision

How to quote this article

Stocki, A. C., Mazon, J. A., Jadoski, S. O., & Watzlawick, L. F. (2024). Environmental Variables,
floristics, diversity, and species distribution in an Urban Alluvial Forest. Ciéncia e Natura,
Santa Maria, 46, e74098. https://doi.org/10.5902/2179460X74098

Ci. e Nat., Santa Maria, v. 46, e74098, 2024



