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Abstract
Logging and agricultural exploitation have led to the degradation of Araucaria Forest remnants and the alteration 
of its last preserved patches. This forest typology contains many endangered plant species, as is the case of the 
tree Oreopanax fulvus Marchal. To support conservation of this species and understand how different landscape 
matrices can influence its populations, we evaluated the demographic structure and spatial distribution of O. fulvus 
in two Araucaria Forest remnants in Paraná state. We delimited two plots (urban and rural population), each with 
1 ha, subdivided them into 100 subplots (10 x 10 m), and recorded diameter at ground level (DGL), height, and 
coordinates of two post-germinative developmental stage of individuals. In each subplot, we measured slope, 
luminosity, and canopy height. We used Ripley’s K function analysis to describe distribution patterns of the species 
and the spatial relationship between mature and juvenile trees. We performed correlations between abundance 
and environmental and structural variables of the O. fulvus populations. Abundance varied between remnants, 
from 183 individuals/ha (12 mature and 171 juvenile) to 1306 individuals/ha (10 and 1296). The remnants varied in 
abundance and plant frequency. The species showed an investment in seedling banks. Most juvenile had DGL up to 
3.0 cm and height up to 1.0 m and presented aggregated spatial distribution, while adults had random distribution. 
In the rural population juvenile abundance were correlated with canopy height (positively) and distance to mature 
trees (negatively). The slope was correlated for both sites, but oppositely, indicating that other factors might have 
interfered in the regeneration abundance. The urban remnant showed a high abundance of this endangered species, 
calling attention for potential studies in urban arborization, management and conservation of these remnants.

Keywords: Araucaria Forest, Oreopanax fulvus, natural regeneration, abundance.

Resumo
A exploração madeireira e agrícola levou à degradação dos fragmentos de Floresta com Araucária e à alteração de 
seus últimos fragmentos preservados. Esta tipologia florestal contém muitas espécies de plantas ameaçadas, como 
é o caso de Oreopanax fulvus Marchal. Para apoiar a conservação desta espécie e entender como diferentes matrizes 
da paisagem podem influenciar suas populações, avaliamos a estrutura demográfica e a distribuição espacial 
de O. fulvus em dois remanescentes de Floresta com Araucária no estado do Paraná. Delimitamos duas parcelas 
(população urbana e rural), cada uma com 1 ha, subdivididas em 100 subparcelas (10 x 10 m), registrando-se o 
diâmetro ao nível do solo (DGL), a altura e as coordenadas de dois estágios de desenvolvimento pós-germinativo 
de indivíduos. Em cada subparcela, medimos declividade, luminosidade e altura do dossel. Utilizamos função K 
de Ripley para descrever os padrões espaciais da espécie e a relação espacial entre árvores maduras e juvenis. 
Realizamos análise de correlação entre a abundância e as variáveis ambientais e estruturais das populações de 
O. fulvus. A abundância variou entre os remanescentes, de 183 indivíduos/ha (12 maduros e 171 juvenis) a 1306 
indivíduos/ha (10 e 1296). Os remanescentes apresentaram variações na abundância e frequência de indivíduos. 
A espécie demonstrou investimento na formação de banco de plântulas. A maioria dos juvenis tinha DGL até 3,0 
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Brazilian rare species are generally poorly studied. 
To our knowledge, O. fulvus is not mentioned in spatial 
patterns and demographics studies, which are needed to 
support conservation programs (Volis and Deng, 2020). 
The assessment of distributional patterns of rare species 
is important to understand demographic dynamics and 
discover whether natural regeneration is occurring. This 
information is relevant, as to be successful in conservation 
activities, populations need to be able to maintain 
themselves over the years (Burgess et al., 2020). O. fulvus 
is rarely recorded in Atlantic Forest surveys (Higuchi et al., 
2016; Higuchi et al., 2018; Pscheidt et al., 2018). Here, we 
aimed to evaluate the population structure and spatial 
pattern of individuals in two populations of O. fulvus in 
two remnants (urban and rural) to answer the following 
questions: i. Is there a difference in structural and spatial 
pattern of the species between urban affectand rural 
remnants? ii. Is there any potential of urban places to 
support O. fulvus’ population? iii. Is the abundance of 
juvenile determined by environmental factors? Our results 
can contribute to strategies for conservation of O. fulvus 
and other species with similar ecological niches.

2. Materials and Methods

2.1. Study areas

The study was carried out in two advanced succession 
stage remnants of Araucaria Forest, 130 km from each 
other, in distinct forest remnants (Figure 1). According to 
Köppen’s classification, the local climate of both sites is 
Cfb, humid subtropical mesothermal (Alvares et al., 2013), 
and both sites are located on Cambissols (EMBRAPA, 2013). 
The first remnant has 101 ha, is located in the municipality 
of Fernandes Pinheiro (25º32’49” S and 50º28’37” W), 
c.900 m.a.s.l., surrounded by an agricultural landscape 
and nearby forest remnants (hereafter rural landscape). 
The second remnant has 19 ha, is located in Curitiba city, 
capital of Paraná state (25º26’53” S and 49º14’25” W) 
c.920 m.a.s.l, in an urban area, surrounded by few nearby 
forest remnants and isolated by the road network (hereafter 
urban landscape).

2.2. Data collection

We set out one 1 ha plot (100 x 100 m) in each forest 
stand. We selected the places based on the following 
criteria: same forest succession stage in both areas, 
homogeneous topography and soil type, O. fulvus presence, 
and same distance to the forest edge. To facilitate the 
location and measurement of mature and juvenile trees, 
we split the plot into 100 subplots, each with 100 m2.

1. Introduction

Human interventions such as logging and agriculture 
contribute to forest fragmentation. The Araucaria Forest 
originally comprised 250,000 km2, distributed in Brazil, 
Paraguay, and Argentina (Ribeiro et al., 2009). However, it is 
now one of the most fragmented forests landscapes in Brazil, 
encompassing only 12.6% of its original area remaining 
(Ribeiro  et  al., 2009). Forest fragmentation generally 
results in disturbed landscapes (e.g., agricultural or urban 
areas), which hamper seed dispersion and gene exchange 
(Costa et al., 2019), negatively affecting the persistence of 
rare tree species (Silva et al., 2017; Zanella et al., 2022). 
However, recent studies have shown that urban forest 
remnants can contribute with environmental services 
and public health (Diener and Mudu, 2021).

Urban forests are prone to anthropogenic changes, 
such as alien species invasion and air pollution, which 
negatively influence such places (Groffman et al., 2017; 
Doroski et al., 2018). However, some authors have defended 
the conservation value of urban forests, for instance its 
considerable biological richness (Kowarik and von der Lippe, 
2018; Planchuelo et al., 2019). In rural forest remnants the 
occurrence of threatened tree species can be facilitated by 
the edaphoclimatic conditions and less anthropic influence, 
such characteristics could guarantee these species in the 
environment. However, despite the suitable conditions for 
plant assemblages, Templeton et al. (2019) have described 
rural landscapes as being less resilient than urban areas. 
Usually, the main concern about any forest patch is the 
remnant size, which is not always the main factor to 
explain the rare species occurrence (Planchuelo  et  al., 
2019). Understanding the differences between rural and 
urban forest remnants ecology can contribute to creating 
policies to protect and manage such places.

New policies can represent opportunities for species’ 
conservation, such as, Oreopanax fulvus Marchal (Araliaceae) 
which is a woody forest species included in regional 
threatened species lists (Paraná, 1995; Rio Grande do 
Sul, 2003). This species is endemic to the southern and 
southeastern regions of the Brazilian Atlantic Forest 
biome (Fiaschi, 2015). It grows under the canopy of well-
preserved forests (Fockink  et  al., 2020; Pscheidt  et  al., 
2018) in moderately drained soils (Higuchi et al., 2014) 
and is considered a late secondary species (Grings and 
Brack, 2009; Araujo et al., 2010). O. fulvus has rapid growth 
and a well-developed crown (Fockink et al., 2020). It has 
inflorescences in terminal panicles containing c.15 flowers 
with 6 to 8 mm in diameter (Carvalho, 2014) and fruits with 
fleshy and purplish-colored mesocarp (Pinto et al., 2016). 
Therefore, it has an important role as a food source for 
frugivorous birds in montane forests (Parrini et al., 2017).

cm e altura até 1,0 m e apresentaram distribuição espacial agregada, enquanto os adultos tiveram distribuição 
aleatória. Na população rural a abundância de juvenis foi correlacionada com altura do dossel (positivamente) e com 
a distância de árvores maduras (negativamente). A declividade foi correlacionada em ambos os locais, mas de forma 
oposta, indicando que outros fatores podem ter interferido na abundância da regeneração. O remanescente urbano 
mostrou elevada abundância desta espécie ameaçada, demonstrando um potencial para estudos de arborização 
urbana, manejo e conservação destes remanescentes.

Palavras-chave: Floresta com Araucária, Oreopanax fulvus, regeneração natural, abundância.
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In each subplot, we assessed canopy height using 
a telescopic ruler, slope using a clinometer, and the 
luminosity using a lux meter. Three readings were done 
in each subplot to calculate the luminosity, always on 
cloudless days, and the average luminosity was obtained 
by calculating the percentage of light retention with the 
reading taken in open areas adjacent to the studied forest 
remnants (Mazuchowski et al., 2007). All individuals of 
O. fulvus were measured, being considered mature with 
a diameter at breast height (DBH) ≥10 cm, and otherwise 
were classified as juveniles. The diameter at ground height 
(DGH) and total height were also measured, with total 
height obtained from the stem base above the soil to the 
apical meristem in small size plants while in adults we 
measured considering the crown height. Finally, coordinates 
of individuals were mapped (x, y) using a tape measure 
and ruler in relation to the corner of the subplot.

2.3. Data analysis

Populations of different remnants were compared 
concerning frequency and abundance of individuals, mean 
diameter, and height. The population size structure was 
represented employing frequency distribution graphs 
in diameter and height classes. To verify the difference 
between plots we applied Tukey test at 95% confidence 
level, based on linear or generalized linear models (GLM) 
with the Poisson error distribution. The p-values were 
adjusted using the single-step method.

We used Ripley’s K function to perform spatial analysis 
of mature and juvenile individuals separately (Ripley, 
1977). Complete spatial randomness (CSR) was tested 
using the univariate function to ascertain whether the 
spatial distribution pattern was aggregate, random, or 
regular. The spatial relationship between mature and 

juvenile trees was evaluated with the bivariate Ripley’s 
K function, and the complete spatial independence (CSI) 
was tested. CSR and CSI were tested using confidence 
envelopes constructed with 999 Monte Carlo simulations, 
with isotropic edge effect correction (Silva et al., 2009).

Spearman correlations were used to analyze the 
relationship of juveniles abundance to slope, canopy 
height, luminosity, and distance to mature individuals. 
Spatial and distribution analyses were performed in the 
R environment v.3.2.2 (R Core Team, 2022) through the 
packages multcomp, spatstat, Hmisc, and flexclust (Leisch, 
2006; Hothorn et al., 2008; Baddeley et al., 2015; Harrell 
Junior, 2020).

3. Results

We recorded 183 and 1,306 O. fulvus individuals in the 
rural and urban plots, respectively (Table 1). No significant 
difference was observed in the abundance of mature 
individuals, but the number of juveniles in the urban 
remnant was 7.6 times higher than in the rural one. 
In both sites, the number of juveniles was higher than 
adults (Table 1; Figure 2). The mature class in the urban 
remnant represented <1% of the individuals.

We observed O. fulvus presence in 56% and 97% of rural 
and urban subplots, respectively (Table 1). However, the 
frequency of adults was similar in both areas (Table 1).

Regarding height classes, 81% of the individuals in the 
rural remnant and 98% in the urban remnant had values 
up to 1 m. Furthermore, there was low representation or 
absence of individuals in some height classes (Figure 2a). 
The diameter distribution of the population indicated 
concentrations of 92 and 99% in the 0.07 to 3.0 cm class in 
the rural and urban population, respectively (Figure 2b).

Figure 1. Study areas in rural (Fernandes Pinheiro) and urban (Curitiba) landscapes in remnants of Araucaria Forest, Paraná state, Brazil.
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The population of the urban remnant showed regular 
spatial distribution of adults and random distribution of 
juveniles in the subplots. However, in the rural remnant, 
the distribution was more aggregated, with a greater 
number of subplots without the occurrence of the species, 
for both developmental stages (Figure 3).

The spatial distribution of mature individuals in the 
rural remnant showed a tendency towards aggregation, 
between 28-40 m (Figure 4a). For juveniles, an aggregated 
behavior was observed. The spatial pattern between mature 
and juvenile individuals showed a tendency of juveniles 
to aggregate with adults. All mature individuals were 

Table 1. Demographic parameters, diameter, and height of two studied populations of Oreopanax fulvus in rural and urban landscapes.

Parameter Category Rural Urban

Abundance (plant/ha) Mature 12 10

Juvenile 171 1296

Abundance proportion (%) Mature 6.56 0.77

Juvenile 93.44 99.23

Mean of plants/subplot (100 m2) Mature 0.12 ± 0.38 a* 0.12 ± 0.36 a

Juvenile 1.71 ± 2.99 b 12.96 ± 19.42 a

Plant frequency in each subplot (%) Mature 10 9

Juvenile 55 96

DBH Mature (cm) Minimum 14.01 10.66

Average 23.95 ± 10.63 a 18.83 ± 6.46 a

Maximum 46.47 31.51

DGH Mature (cm) Minimum 19.10 14.26

Average 26.2 ± 19.58 a 24.68 ± 18.72 a

Maximum 61.75 40.43

DGH Juvenile (cm) Minimum 0.35 0.07

Average 4.69 ± 2.07 a 2.83 ± 1.80 b

Maximum 18.24 9.61

Mature Height (m) Minimum 7.00 8.20

Average 11.26 ± 9.00 a 9.81 ± 8.50 a

Maximum 22.00 12.00

Juvenile Height (m) Minimum 0.019 0.008

Average 20.91 ± 4.11 a 8.87 ± 4.09 b

Maximum 216.00 750.00

*Means with the same letter do not differ according to the Tukey test (p < 0.05) between the study areas within the same category. 
DBH: diameter at breast height; DGH: diameter at ground height.

Figure 2. Distribution of Oreopanax fulvus individuals in height classes (a) and diameter at ground level (b) in the urban and rural landscape.
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randomly distributed for the urban remnant, unlike the 
juvenile individuals, which showed aggregated distribution 
(Figure 4b). In contrast to the former area, the juveniles of 
the urban remnant showed repulsion to mature individuals 
in the range between 0 to 25 m.

Slope and canopy height were similar in both areas, 
while the distance to adults was about 4 m greater in 
the rural remnant. Regarding the light incidence in the 
forest understory, the rural remnant presented 4.3% 
and the urban remnant 3.0% averages in relation to the 
measurements taken in the respective open areas (Table 2). 
The abundance of juveniles in the rural remnant showed 
a positive correlation with slope and canopy height and 

a negative correlation with distance to adults (Table 2). 
In the urban area, the slope showed a negative correlation. 
The luminosity did not correlate with the abundance of 
juveniles.

4. Discussion

The abundance of O. fulvus’ mature individuals in the 
remnants was similar to the values observed for this 
species in other phytosociological studies conducted in 
Araucaria Forest areas, ranging from 5 to 20 individuals/ha 
(Nascimento et al., 2007; Klauberg et al., 2010). The high 

Figure 3. Spatial distribution of mature and juvenile individuals of Oreopanax fulvus in rural (a) and urban landscape (b).

Figure 4. Spatial pattern of Oreopanax fulvus in rural (a) and urban landscape (b). Black lines indicate the spatial pattern, and red lines 
represent the mean value of randomizations. K(r): point pattern analysis function; r(m): domain radius in meters.
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abundance of juveniles recorded in the urban remnant stood 
out, considerably higher than that observed in the rural 
remnant of the present study and then that recorded by 
Higuchi et al. (2015) in another rural remnant of Araucaria 
Forest, in Santa Catarina, Brazil. Some factors may influence 
differently the regeneration of the same species in different 
places. Whether related to the phenological pattern and 
efficiency in fruit production (Pinto et al., 2021) or genetic 
diversity to maintain gene flow (Carvalho et al., 2010).

Both remnants had expressive seedling banks, indicating 
that the species has good germination potential in the 
understory, even though with considerable variation 
in abundance of seedlings. At the community level, 
natural regeneration is prone to be influenced by edaphic 
characteristics and has a greater dependence on abiotic 
characteristics than other individuals of the tree stratum 
(Callegaro et al., 2017). Moreover, an expressive seedling 
bank usually is adapted to local edaphic conditions and has 
more individuals than the mature tree layer in preserved 
forests, this characteristic enables the process of forest 
succession (Turchetto et al., 2017).

Despite the adverse conditions related to the city 
environment (Groffman et al., 2017; Doroski et al., 2018), 
the urban population showed many juveniles, opening 
perspectives for studies targeting rare and endangered 
species in such places. In fact, urban areas can be more 
resilient to impacts than rural places (Templeton et al., 2019) 
and can be a source of seedlings for nearby reforestation 
projects (Turchetto et al., 2016). Our results suggest that 
new studies should be focused on urban remnants to 
describe better aspects like the genetic structure, pollution 
influence, and alien species damage on populations of rare 
and threatened species (Wodkiewicz and Gruszczynska, 
2014).

The difference in the number of juvenile individuals 
of O. fulvus between remnants and the low number of 
adults recorded indicates difficulty in the demographic 
dynamics of the species (Higuchi et al., 2015). It is probably 
due to unmet environmental requirements, especially in 
the intermediate stages of development (Volis and Deng, 
2020). Understory is a transitional environment that has a 
role as an ecological filter and selects the species that will 

compose the upper strata by determining which individuals 
and species will be able to survive in such conditions 
(Gomes-Westphalen et al., 2012). Hence, the abundance 
of young individuals will not necessarily guarantee the 
maintenance of the species in the community but will 
indicate the ability to compete within its ecological niche 
(Schaaf et al., 2006).

Mature individuals of zoochoric species tend to present 
a random distribution pattern (Negrini et al., 2012), as 
we observed in the urban population. However, in the 
rural population the matures’ distribution pattern was 
aggregated, which may be related to the previous use and 
management of the area, as well as biotic interactions, 
dispersal, and environmental conditions (Silva et al., 2019). 
Regarding juveniles, the aggregated distribution may be 
related to a spatially limited distribution of propagules 
(Santos et al., 2018). This pattern has also been described for 
some other Araucaria Forest species, where microclimatic 
conditions, seed source, and dispersers may be the causal 
agents (Canalez et al., 2006). This tendency to aggregation 
interferes with the abundance of individuals, which is 
lower when a larger area is sampled (Klauberg et al., 2010).

The significant correlation of juveniles’ abundance with 
canopy height in the rural population may be related to 
the level of community development, since an advanced 
stage forest provides more favorable conditions for late 
secondary or climactic species’ growth (Passos et al., 2021), 
such as O. fulvus (Grings and Brack, 2009; Araujo et al., 2010). 
Furthermore, the negative correlation between juveniles 
and distance to adults in the rural remnant demonstrates 
the conditions verified of spatial pattern in the field and 
may indicate a dependence on regeneration in the vicinity 
of adults. Tree species populations are often geographically 
structured in patches due to seed dispersal near the matrix 
(Higuchi et al., 2010). However, this pattern can vary since 
different behavior was observed for the urban population. 
The absence of correlation with luminosity, and the weak 
correlations between the abundance of juveniles and 
slope, divergent among the areas, indicates that unknown 
factors are acting in the spatial structuring of the species.

Given the high density of juveniles, especially in the 
urban population, we recommend studies of genetic 

Table 2. Statistical parameters of the slope, canopy height, distance to adults, luminosity, and Spearman correlations between the 
abundance of juveniles and the variables for rural and urban landscape.

Variable Landscape Average
Spearman 

Correlation
p-value

Slope (%) Rural 13.2 ± 6.1 0.314 < 0.01**

Urban 12.4 ± 7.4 -0.252 0.01**

Canopy Height (m) Rural 11.9 ± 3.2 0.453 < 0.01**

Urban 11.6 ± 1.8 -0.043 0.67

Mature distance (m) Rural 19.8 -0.431 < 0.01**

Urban 15.5 0.083 0.41

Luminosity (%) * Rural 4.6 ± 3.9 -0.159 0.11

Urban 3.0 ±1.2 -0.160 0.11

*Percentage in relation to luminosity in adjacent open area. **Significant values at 95% confidence level (p < 0.05).
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diversity of populations in urban patches, increasing the 
possibility of using those patches to obtain seedlings for 
nurseries for subsequent enrichment planting. Seedling 
rescue is feasible for secondary species and is a way to 
increase their availability for restoration (Turchetto et al., 
2016).

5. Conclusion

Based on our results, the O. fulvus populations 
demonstrated differences in the structural and spatial 
pattern between urban and rural remnants. The expressive 
number of juveniles in the urban population calls attention 
to these environments, while the rural landscape showed 
more developed juveniles (greater average height and 
diameter). The concentration of juvenile plants indicated 
that the species is prone to seedling bank formation, 
although an analysis of the soil seed bank is necessary to 
confirm this information.

O. fulvus tolerates urban forests environment, being a 
potential species for urban arborization plans increasing 
ex-situ conservation, such as the planting of streets and 
gardens. We also should highlight the importance of 
maintenance and management of urban forest remnants; 
such places can be unexpected sanctuaries for the rare 
endemic tree species.

The result also highlights the importance of the 
environmental variables on O. fulvus seedlings distribution, 
meaning that slope, canopy height and luminosity should be 
considered to ensure population renewal and maintenance, 
also in management plans.
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