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Abstract

Oreopanax fulvus is a species endemic to the Brazilian Atlantic Forest, assessed as rare and vulnerable in the
states of Parand and Rio Grande do Sul, respectively. This adverse situation requires conservation actions that
must be supported by the understanding of its autecology. We aimed to identify the phenological patterns of
O. fulvus populations from two Araucaria Rainforest remnants in Parana. Monthly phenology monitoring of
19 trees in each site was performed over 24 months. We quantified the vegetative (i.e., leaf flushing, mature
leaves, and leaf-senescence) and reproductive phenophases (i.e., buds production, blooming, immature, and
mature fruits). Circular statistics based on activity index were applied to identify the phenophases seasonality.
Spearman correlations were performed among phenophases and meteorological parameters. Leaf flushing
and mature leaves were recorded in all months, with a decrease of mature leaves during November and
December. Leaf-senescence was seasonal, occurring from May to December. The reproductive phenophases
were seasonal: blooming from January to May; and fruiting from March to November, with fruits starting to
mature in September. Vegetative and reproductive phenophases were highly influenced by average temperature
and photoperiod. Although there were dissimilarities in reproductive phenological patterns, the different
populations studied had similar phenological performances.

Key words: circular statistics, phenophase, seasonal performance, threatened species.

Resumo

Oreopanax fulvus ¢ uma espécie endémica da Mata Atlantica brasileira, avaliada como rara e vulneravel nos
estados do Parana e Rio Grande do Sul, respectivamente. Essa situag@io adversa requer agdes de conservagio
que devem ser apoiadas pelo entendimento de sua autoecologia. O objetivo foi identificar os padrdes
fenolégicos de populagdes de O. fulvus de dois remanescentes de Floresta com Araucaria no Parana. O
monitoramento mensal da fenologia de 19 arvores em cada local foi realizado durante 24 meses. Quantificamos
as fenofases vegetativas (brotos, folhas maduras e senescéncia foliar) e reprodutivas (produgio de botdes,
floragdo, frutos imaturos e maduros). Estatisticas circulares baseadas no indice de atividade foram aplicadas
para identificar a sazonalidade das fenofases. Correlagdes de Spearman foram realizadas entre fenofases e
parametros meteoroldgicos. Brotos e folhas maduras foram registrados em todos os meses, com diminuigdo
das folhas maduras nos meses de novembro e dezembro. A senescéncia foliar foi sazonal, ocorrendo de maio
a dezembro. As fenofases reprodutivas foram sazonais: floragao de janeiro a maio; e frutificagdo de margo a
novembro, com frutos comegando a amadurecer em setembro. As fenofases vegetativas e reprodutivas foram
altamente influenciadas pela temperatura média e pelo fotoperiodo. Embora tenha havido diferencas nos
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padrdes fenologicos reprodutivos, as diferentes populagdes estudadas apresentaram desempenhos fenoldgicos

semelhantes.

Palavras-chave: estatistica circular, fenofase, desempenho sazonal, espécie ameacada.

Introduction

The Araucaria Rainforest is typical of the
highlands of Southern Brazil, with an estimated area
of 25,379,300 ha (Ribeiro et al. 2009). However,
intensive logging activities and agriculture have
drastically affected this ecosystem, resulting in a
landscape reduced to small fragments, where only
about 3.1% of the remaining forest is protected
(Ribeiro et al. 2009).

The processes of fragmentation and
suppression of the Araucaria Rainforest affect the
maintenance of their plant populations and prompt
risk of extinction of many plant families (Medeiros
et al. 2005). This is the case of Araliaceae, which
in Brazil occurs mainly in the Atlantic Forest
(Martinelli & Moraes 2013), a high degraded
Brazilian biome (Guerra et al., 2020; Rezende et al.,
2018)The majority of its species are poorly studied
regarding their ecological aspects, like phenology
or pollination and seed dispersal; moreover, several
of'them are threatened (Martinelli & Moraes 2013).
Oreopanax fulvus Marchal is a fast-growing species
endemic to the Atlantic Forest’s understory in
Southern and Southeastern Brazil (Fiaschi 2015;
Pscheidt et al. 2018; Fockink et al. 2020). This
species has been assessed as rare and vulnerable
for the states of Parana and Rio Grande do Sul,
respectively (SEMA 1995; SEMA 2014).

Effective conservation actions for threatened
populations mainly rely on understanding the
species ecology (Peres et al. 2013). In this context,
phenology is one of the sciences that contributes
to the knowledge of autecology, as it reveals the
relationship patterns between vegetative and
reproductive cycles with climate variables and
natural population changes in ecosystems (Ferrera
et al. 2017). Understanding species phenology’s
patterns in different populations is important for
comprehending the regional variability driven by
local adaptation, phenotypic plasticity, and how
populations are affected by local climate (Park et al.
2019). The scarcity of this information represents a
limitation to conservation strategies, such as forest
restoration initiatives (Silva et al. 2019).

Due to the high plant diversity in the
Brazilian territory (BFG 2018), research studies
on the phenology of native species are still scarce

(Mendoza et al. 2017), even in the Araucaria
Rainforest (Souza & Hattemer 2003; Liebsch &
Mikich 2009; Danner et al. 2010, Milani et al.
2013, Hoffmann et al. 2015; Milani et al. 2015;
Andreacci et al. 2017). An identical scenario is
observed in Araliaceae, with a few examples:
phenology of Schefflera rodriguesiana Frodin
(Camacho & Orozco 1998); evaluation of the
effect of fire on the vegetative and reproductive
phenophases of Schefflera vinosa (Cham &
Schitdl.) Frodin & Fiaschi (Lucena et al. 2015); and
reproductive biology and seed biology of Panax
pseudoginseng Wall. (Jamir et al. 2016).

We analyzed the phenological patterns of
two populations of O. fulvus from remnants of
the Araucaria Rainforest in the State of Parand,
generating information about its autecology
that will support species conservation. The
present study aims to answer the following
questions: (1) are there differences between the
phenological patterns of the populations?; (2)
which meteorological variables have the greatest
influence on the phenophases patterns?

Materials and Methods

Study areas

The study was carried out on two remnants
of Araucaria Rainforest, in intermediary to
advanced stages of succession, about 130 km
apart from each other, located in the State of
Parand (see supplementary material 1: <https://
doi.org/10.6084/m9.figshare.12485423.v3>).
The soil is mainly characterized as Cambisols
(EMBRAPA 2013). Climate is Cfb, according to
Koppen’s classification, i.e., humid subtropical
mesothermal, with occasional frosts in winter and
usually lower temperatures from May to August,
as well as a slight reduction in precipitation
during the same period, but not characterized
as a dry season (Alvares et al. 2013). One study
area, with 19 ha, is in the municipality of Curitiba
(25°26°53”S and 49°14°25”W), at an altitude of
920 m.a.s. The annual accumulated precipitation
and average temperature in this area in 2014 and
2015 were 1584.2-1861.0 mm and 18.45-18.48
°C. This fragment is in the middle of an urban
landscape matrix, with only three forest patches
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nearby. The other study area, with 101 ha, is in the
municipality of Fernandes Pinheiro (25°32°49”’S
and 50°28°37”W) at an altitude of c. 900 m.a.s,
within a rural landscape and more continuous forest
areas. The annual accumulated precipitation and
average temperature in this area in 2014 and 2015
were 1728.9-2249.3 mm and 18.07-18.44 °C.

We assume that the two study sites represent
different populations presupposing a reduced
gene exchange between the areas because: (i) the
study areas are 130 km far from each other; (ii) the
pollination vectors of O. fulvus are insects, and its
dispersion is made by birds (Carvalho 2014); (iii)
the forest fragmentation, which characterizes the
landscape of our study regions, is a factor that can
be a barrier for gene flow (Bacles & Jump 2011).

Species characteristics

The species reaches 6 to 10 m in height,
is polygamous-dioecious with inflorescence in
capitulum and globular infructescence, in which
10 to 16 indehiscent fruits develop, becoming
purple when mature (Fiaschi et al. 2007; Pinto et
al. 2016). The seeds have phanerocotylar-epigeal
germination, which occurs only from mature fruits
(Pinto et al. 2016). The species occurs in the states
of Minas Gerais, Sao Paulo, Rio de Janeiro, and
in the South region of Brazil (Fiaschi et al. 2007),
being represented by 123 records in herbarium
collections (SpeciesLink 2020).

Phenological data collection

The monthly evaluations were carried out
between January 2014 and December 2015,
with 19 individuals observed in each study area.
Individuals were selected for monitoring through
the trail method (D’eca-Neves & Morellato 2004),
considering the following criteria (Morellato et
al. 2000): healthy adult individuals; similar in
size (diameter to breast height 10.9-29.3 cm, this
interval was chosen to select trees that were from
the same time range, excluding young and old
individuals); located in the intermediate vertical
stratum and in a similar topographic situation.

Both vegetative (i.e., leaf flushing, mature
leaves, and leaf-senescence) and reproductive (i.e.,
buds production, blooming, immature, and mature
fruits) phenophases were monitored. The intensity
of the vegetative phenophases was assessed through
Fournier’s (1974) semi-quantitative method,
with the following interval scale of intensity: 0)
absence of phenophase; 1) 1-25%; 2) 26-50%); 3)
51-75%; 4) 76-100%. These values were divided
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by the maximum possible value (i.e., the number
of individuals multiplied by four) and multiplied
by 100. For the reproductive phenophases, the
intensity was represented by the ratio between the
number of panicles and the number of branches
(Mazza et al. 2011), considering that, in each
branch, only one terminal panicle can be formed.

Meteorological data and photoperiod

Monthly meteorological data were provided
by the Instituto Agrondmico do Parand - Estacao
Fernandes Pinheiro (IAPAR), the Sistema
Meteoroldgico do Parana - Estagdo Curitiba
(SIMEPAR 2015), and the Instituto Nacional
de Meteorologia - Estac@o Irati e Curitiba
(INMET), where the meteorological variables
used were: minimum, average, and maximum
monthly temperature, and accumulated monthly
precipitation (Fig. 1). The photoperiod was
calculated by , where: D = photoperiod in hours
and tenths of an hour; ¢ = latitude; and § = solar
declination angle (Soares & Batista 2004). Climatic
proximity between the areas was tested through
comparisons of the meteorological data of each
site based on Spearman Correlations (p) in PAST
software (Hammer et al. 2001). Such comparisons
pointed out similar weather conditions between
areas, with significant correlations of maximum
temperature (p = 0,77; p < 0,001), precipitation
(p=10,82; p<0,001), minimum temperature (p =
0,89; p <0,001), average temperature (p = 0,97; p
<0,001), and photoperiod (p = 1,00; p < 0,001).

Data analysis

The occurrence of phenophase periods,
their concentration, seasonality, and duration,
was analyzed with circular statistics in ORIANA
3 (Kovach 2004), using the activity index which
evaluates the presence or absence of phenologic
events (Bencke & Morellato 2002). We evaluated
the number of individuals in each phenophase and
calculated the proportion of individuals with a
determined phenophase presence. This proportion
was used in circular statistics. For this analysis,
months were converted to angles of 0-360°. Each
month was represented by an interval of 30°,
assigning the value of 90° to January (Morellato
et al. 2000). Additionally, the average angle, the
standard error of the angular mean, and the average
vector length (r) were calculated. The significance
of the average angle was assessed by Rayleigh’s
(z) test (Zar 1999). The phenophases with a
statistically significant average angle (denoting
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Figure 1 — Photoperiod, monthly temperatures, and accumulated precipitation recorded during the phenological

monitoring period in Curitiba (a) and Fernandes Pinheiro (b).

seasonality) were converted to average date of
occurrence of each phenophase (Morellato et al.
2000). The average date provides information on
the concentration of the population’s phenological
activities. This allows a complete description
of how individuals are structured and how they
respond to ecological factors.

Populations’ phenological patterns from both
areas were compared by the average angles of each
phenophase, using the Watson-Williams (F) test
(Zar 1999) and the Wallraff test (Wallraff 1979).
If confirmed difference between areas, the analysis
was carried out Therefore, each area was analyzed
independently. Z and F tests were performed with
the circular package in R software v.3.0.3 (R Core
Team 2014). We used Spearman Correlations (p)
to test the relationship between meteorological
variables and the presence-absence of phenophases.

Results

We found a seasonal pattern in leaf
senescence and all reproductive phenophases
in both areas, according to the Rayleigh’s test
(p>0.05; see supplementary material 2: <https://doi.
org/10.6084/m9.figshare.12485423.v3>). For both
study sites, the average date of leaf senescence was

significant (Figs 2a,b; S2). It occurred in Curitiba
and Fernandes Pinheiro on 27 and 24 September,
respectively. A partial seasonality was denoted by
medium 7 values, ranging from 0.485 in Fernandes
Pinheiro to 0.671 in Curitiba. The average dates
of leaf flushing and mature leaves did not exhibit
a significant average value for any study place,
showing the lowest » values, with dates distributed
uniformly through the year (Figs 2c-f, S2).

We verified a high seasonality for buds
production, denoted by the elevated r values,
ranging from 0.826 in Fernandes Pinheiro to 0.812
in Curitiba with average dates occurring on 06
March and 28 February, respectively. Blooming
had the same r values pattern, ranging from
0.994 in Fernandes Pinheiro to 0.973 in Curitiba.
The average dates for blooming in Fernandes
Pinheiro and Curitiba occurred in 14 and 7 April,
respectively (Figs 3a-d, S2). The average dates
of immature and mature fruits had a significant
seasonality in both sites. The highest values of
were in Fernandes Pinheiro with 0.672 and 0.948
for immature and mature fruits, respectively, on 03
June and 20 October. Curitiba had 0.621 and 0.930
for immature and mature fruits, respectively, on 20
July and 21 October (Figs 3e-h, S2).
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We observed differences in the phenological
patterns of leaf senescence, buds production, and
blooming between the studied areas, according
to Watson-Williams and Wallraff’s tests (p<0.05;
Figs. 2; 3; see supplementary material 3: <https://
doi.org/10.6084/m9.figshare.12485423.v3>).

We observed that the cold season with shorter
photoperiod increased the leaf-senescence process
(Figs. 1; 4a), that started in May in Fernandes
Pinheiro and in June in Curitiba (Fig. 3a,b).
The populations showed similar peaks in leaf-
senescence in 2014. In Curitiba, leaf-senescence
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Leaf flushing

Mature leaves
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was observed for five months, July to December,
with peaks at the beginning and end of this period.
While for Fernandes Pinheiro it was beginning in
May, reached its peak in August, and also ended
in December. However, in November 2015, it was
25% higher in the Curitiba population (Fig. 4a).
In 2014 the population of Curitiba showed the
highest values of leaf flushing during January to
May, with 100% intensity. However, in 2015 the
peak with 100% intensity occurred from February
to April. The pattern for Fernandes Pinheiro in
2014 was similar, the peak started in January and

Fernandes Pinheiro

b Jan
P Feb . 0.485
Mar
Apr
May
30
Aug 40— Jun b

Jul
Watson-Williams test: 0.677*
Wallraff test: 15.357*

d

Jul
Watson-Williams test: 0.155™
Wallraff test: 0.346™

Jul f
Watson-Williams test: 0.148"
Wallraff test: 0.633™

Figure 2 — Vegetative phenological patterns of Oreopanax fulvus in the Curitiba (a; c; €) and Fernandes Pinheiro (b; d;
f) populations during 24 months of observations. The bars represent the number of individuals. The error bar represents
the average angle, average vector length (r), and standard mean error. ™ = not significant, * = significant p< 0.05.
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Figure 3 — Reproductive phenological patterns of Oreopanax fulvus in the Curitiba (a; ¢; e; g) and Fernandes Pinheiro
(b; d; f; h) populations during 24 months of observations. The bars represent the number of individuals. The error bar
represents the average angle, average vector length (r), and standard mean error. ™ = not significant, * = significant
p< 0.05.24 month.
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lasted until April. The intensity increase of leaf
flushing started with the raise of temperature and
photoperiod, following the same pattern in both
areas in 2014 (Fig. 1); while in 2015 it was 25%
higher in Curitiba, from February to April (Fig.
4b). Mature leaves showed intensity above 75%, in
the months of the first half of 2014 for both areas,
whereas in 2015 this pattern extended higher than
75% until October (Fig. 4c).

We observed that in the Fernandes Pinheiro
population, photoperiod (p= -0,52; p= 0,01) and
average temperature (p= -0,50; p= 0,01) showed
a negative relationship with Leaf flushing; the
same relationship was observed between average
temperature and Mature leaves (p=-0,41; p=0,04).
The Curitiba population had a negative relationship
between photoperiod and Mature leaves (p=-0,46;
p=0,02; see supplementary material 4: <https://doi.
org/10.6084/m9.figshare.12485423.v3 >).

For both areas, the production of floral
buds occurred for five months in 2014 with a
peak in March, and four months in 2015 with
peak in February. The floral buds showed greater
expression of the activity index in the Fernandes
Pinheiro population (Figs. 3a,b). Blooming was
recorded between March and April with a peak in
April, and the fruiting season in Curitiba occurred
from April to November while in Fernandes
Pinheiro it started in March and ended in August,
lasting 8 and 6 months respectively (Figs. 3c-f).
The first mature fruits appear in October (Fig. 3g-
h). The mature fruits period lasted three months
and was concentrated in October for the Fernandes
Pinheiro population, and November for the Curitiba
population (Figs. 3g-h).

The intensity expression of floral buds
has been higher in the Curitiba population, the
blooming patterns were inverse, being higher in
Fernandes Pinheiro population (Fig 5a,b). The
buds production occurred in the same month in
different years, but less than 10% in both areas.
However, immature fruiting intensity was higher in
the Curitiba population, particularly in 2015 (Fig. 5
¢). Most of the mature fruits were observed during
October/November in both areas and showed a
small intensity, less than 5% (Fig. 5d).

We found positive correlation (p<0,05) of
photoperiod (p= 0,48; p= 0,45), maximum (p=
0,50; p= 0,51), and average temperatures (p= 0,54;
p=-0,49), with buds production in Curitiba and
Fernandes Pinheiro respectively. This also happens
for minimal temperature (p= 0,58) in the Curitiba
population. The production of immature fruits
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Figure 4 — Intensity of vegetative phenological events
of Oreopanax fulvus in the Curitiba and Fernandes
Pinheiro populations. a — Leaf flushing, b — Mature
leaves, ¢ — Leaf-senescence.

correlated negatively (p<0,05) with the minimum
(p=-0,82; p=-0,87), average (p=-0,84; p=-0,66), and
maximum temperatures (p= -0,76; p= -0,45), and
with the photoperiod in Curitiba and Fernandes
Pinheiro respectively. No correlation between
the phenophases and precipitation was observed.
Blooming and mature fruits showed no correlation
with any of the meteorological variables in both
areas (see supplementary material 5: <https://doi.
org/10.6084/m9.figshare.12485423.v3>).

Discussion

Even though both areas have similar
environmental characteristics, we observed that
the species’ phenological patterns change in some
parameters (e.g., leaf-senescence, buds production
and blooming). Nonetheless, leaf flushing and
production of mature leaves occurred throughout
the observation period in both areas. Circular
statistics tests suggested that Leaf senescence
and all observed reproductive phenophases are
seasonal. Analysis of populations phenology in
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Figure 5 — Intensity of the reproductive phenological events of Oreopanax fillvus in the Curitiba and Fernandes
Pinheiro populations. a — Buds production, b — Blooming, ¢ — Immature fruits, d — Mature fruits.

different locations is important to better understand
species’ patterns since they can respond to specific
environmental conditions (Castro et al. 2007).
In this context, circular analyzes are useful for
comparing populations phenology (Morellato et
al. 2010).

The climatological similarities observed
between the study areas were expected since they
are at the same latitude (Soares & Batista 2004) and
both belong to Cfb climate classification, which
is a humid subtropical climate with temperatures
between -3 and 18 °C in the coldest months
with a temperate summer (Alvares et al. 2013).
Nevertheless, the differences in the phenological
patterns of some phenophases might result from
slight variations related to microenvironmental
differences, water availability, and competition
between pollinators and dispersers (Bulhdo &
Figueiredo 2002; Danner et al. 2010; Felippi et
al.2012).

Oreopanax fulvus can be considered an
evergreen species due to the constant leaf flushing
and production of mature leaves, which, in its turn,
implies in a lower photosynthetic capacity and
longevous leaves (Wright et al. 2006; Kanieski
et al. 2013; Oliveira et al. 2015). The seasonality
observed in leaf-senescence might have been
influenced by the colder season, concentrated from
May to September (Alvares ef al. 2013; Fig. 1),
which is consistent with other species occurring
in the Araucaria Rainforest (Marques et al. 2004;
Milani ef al. 2013).

The significative influence of the average
temperature and photoperiod on the production of
new and mature leaves might be associated with
the fact that, in regions further from the equator,
phenological patterns are more influenced by
changes in photoperiod and temperature than
by precipitation (Marques et al. 2004; Mendoza
et al. 2017). In addition, it is important to note
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that precipitation in the Araucaria Rainforest
is distributed throughout the year and vary
considerably, therefore is not a good predictor of
phenology patterns in this region (Marques et al.
2004).

Previous studies suggested that leaf changes
are progressively less dependent on rainfall when
trees are in microenvironments with higher soil
water supply. These microenvironments protect
the plant from hydric stress (Borchert 1999), as
documented in O. fulvus (Higuchi et al. 2014).
This corroborates the results of previous research
studies performed in the same region, with Guarea
macrophylla Vahl. and Cedrella fissilis Vell, where
no correlation between phenological variables and
precipitation was observed (Andreacci ef al. 2017;
Miiller & Schmitt 2018).

In the same way as observed for leaf flushing,
the buds production occurred in the period with
higher temperatures and photoperiods, which
provides favorable conditions for the better
performance of these phenophases (Marques et
al. 2004; Marchioretto et al. 2007; Mendoza et
al. 2017).

We have characterized the production of
floral buds and flowers in Oreopanax fulvus as
seasonal, during our 2-year observations in both
populations. With only one major reproductive
cycle per year, it is classified as an annual species
(Newstrom 1994). Blooming was recorded as
less intense and shorter in time length than the
production of floral buds. This difference may
be due to a short blooming period, combined
with the monthly interval of observations or the
abortion/ loss of floral buds (Pereira et al. 2008).
Some species may present inter-annual variations
in the number of produced flowers, so that this
product may contribute or not with resources to the
community (Pirani ef al. 2009; Franco et al. 2017,
Ivanov et al. 2018).

Generally, species in the Araucaria Rainforest
concentrate their blooming between September and
November (Marques et al. 2004; Kanieski et al.
2013; Milani et al. 2013; Bauer et al. 2014; Pires
et al. 2014). Nonetheless, this was not observed
for O. fulvus, in which blooming was concentrated
in April, a period of reduced rainfall (Fig. 1). This
change in the blooming season may be a positive
strategy since the non-synchronized blooming
production reduces pollinator competition (Oleques
et al. 2017). Furthermore, the intensity peak of
immature fruits in Curitiba population was greater
than the intensity peak of blooming. It is probably
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because of our monthly interval observations,
which may have been performed when blooming
had already occurred.

Immature fruits were recorded for seven to
eight months, overlapping with the appearance
of mature fruits in the last three months, thus
representing the longer reproductive phenophase.
Both phenophases were considered seasonal.
Commonly, for several species, the fruiting period
lasted from two to four months (Mazza et al. 2011;
Milani et al. 2013; Bauer et al. 2014; Pires et al.
2014), which differs from O. fulvus.

The long fruiting period, although
characterized by immature fruits for most of its
length, in O. fulvus, can be a common feature
of tree species of Araliaceae, such as Schefflera
rodriguesiana in Costa Rica, which present
continuous fruiting throughout the year (Camacho
& Orozco 1998). For Dendropanax arboreus (L.)
Decne. & Planch., in a tropical forest of Mexico,
the presence of fruit lasted for six months, with
intervals (Ochoa-Gaona et al. 2008).

Overall, in both areas, few individuals were
registered with mature fruits, always with low
intensity. The small number of observed mature
fruits may be related to their short permanence on
the trees, due to the great demand by local fauna for
food, as already documented for other Araliaceae
species (Purificacado ef al. 2015; Silva 2015; Cruz-
Tejada et al. 2018). The fruits of O. fulvus are an
important food source for several frugivorous
birds in the montane forests (Parrini et al. 2017).
Therefore, we recommend an increase in frequency
of visits to study areas during the fruiting period to
expand seed collection.

The season of mature fruits in O. fulvus
coincides with other zoochoric species found in
the Araucaria Rainforest, such as Campomanesia
xanthocarpa (Mart.) O.Berg, Eugenia involucrata
DC., E. pyriformis Cambess., E. uniflora L.
(Myrtaceae, Danner et al. 2010) and Drimys
brasiliensis Miers (Winteraceae, Mariot et al.
2014). Alternatively, only 10% of the species in
the Araucaria Rainforest produce mature fruits
from June to November, which is caused by the
seasonality of the reproductive phenophases
(Liebsch & Mikich 2009; Mazza et al. 2011; Felippi
etal 2012; Kanieski et al. 2013; Bauer et al. 2014).
Thus, O. fulvus has a critical ecological role in this
forest formation since it supplies the fauna, mainly
birds (Parrini ef al. 2017), with food resources in
lean periods.
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Oreopanax fulvus has shown similar
phenological patterns across the studied populations.
The average temperature and the photoperiod
influenced the vegetative phenophases. Conversely,
the minimum, average and maximum temperatures,
and the photoperiod affected the reproductive
phenophases. The synchrony observed in the
reproductive phenophases and their periods of
occurrence can be used to predict the best moment
for seed collection. The increased access to viable
seeds would greatly facilitate seedlings production,
aiming at conservation strategies for O. fulvus.

Acknowledgments

The authors would like to thank Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior,
Brasil (CAPES) - Finance Code 001 - for the
scholarship granted to the first author and
Sociedade Chaua for the logistical support during
data collection.

References

Alvares CA, Stape JL, Sentelhas PC, Moraes JLG &
Sparovek G (2013) K&ppen'’s climate classification
map for Brazil. Meteorologische Zeitschrift 6:
711-728.

Andreacci F, Botosso PC & Galvao F (2017) Fenologia
Vegetativa e Crescimento de Cedrela fissilis na
Floresta Atlantica, Parana, Brasil. Floresta e
Ambiente 24: 1-11.

Bacles CF, Jump AS (2011) Taking a tree’s perspective
on forest fragmentation genetics. Trends in Plant
Science, 16: 13-18.

Bauer D, Miiller A, Goetz MNB & Schmitt JL (2014)
Fenologia de Ocotea pulchella, Myrcia brasiliensis
e Psidium cattleyanum, em Floresta Semidecidua do
Sul do Brasil. Floresta 4: 657-668.

Bencke CSC & Morellato LPC (2002) Estudo
comparativo da fenologia de nove espécies arboreas
em trés tipos de floresta atlantica no sudeste do
Brasil. Revista Brasileira de Botanica 2: 237-248.

BFG — The Brazil Flora Group (2018) Brazilian Flora
2020: innovation and collaboration to meet Target
1 of the Global Strategy for Plant Conservation
(GSPC). Rodriguesia 69: 1513-1527.

Borchert R (1999) Climate periodicity, phenology, and
cambium activity in tropical dry forest trees. lawa
Journal 3: 239-247.

Bulhao CF & Figueiredo OS (2002) Fenologia de
leguminosas arboreas em uma area de cerrado
marginal no nordeste do Maranhdo. Revista
Brasileira de Botanica, 25: 361-369.

Camacho M & Orozco L (1998) Patrones fenologicos
de doce especies arboreas del bosque montano de

Pinto MB et al.

la Cordillera de Talamanca, Costa Rica. Revista
Biologia Tropical 3: 533-542.

Carvalho PER (2014) Espécies arboreas brasileiras /
Paulo Ernani Ramalho Carvalho. Embrapa
Informagdes Tecnoldgicas, Embrapa Florestas,
Brasilia, Colombo. 634 p. 11

Castro ER, Galetti M, Morellato LPC (2007) Reproductive
phenology of Euterpe edulis (Arecaceae) along
a gradient in the Atlantic rain forest of Brazil.
Australian Journal of Botany 55: 725-735.

Cruz-Tejada D, Acosta-Rojas MDC & Stevenson P
(2018) Are seeds able to germinate before fruit
color ripening? Evidence from six Neotropical
bird-dispersed plant species. ECOSPHERE 6: 1-18.

Danner MA, Citadin I, Sasso SAZ, Sachet MR &
Ambroésio R (2010) Fenologia da floragdo e
frutificagdo de mirtaceas nativas da Floresta com
Araucaria. Revista Brasileira de Fruticultura 1:
291-295.

D’eca-Neves FF & Morellato LPC (2004) Métodos
de amostragem e avaliacdo utilizados em estudos
fenologicos de florestas tropicais. Acta Botanica
Brasilica 1: 99-108.

EMBRAPA (2013) Centro Nacional de Pesquisa de
Solos. Sistema brasileiro de classificacdo de solos.
3. ed. Brasilia, p. 353.

Felippi M, Maffra CRB, Cantarelli EB, Araujo MM &
Longhi SJ (2012) Fenologia, morfologia e analise
de sementes de Cordia trichotoma (Vell.) Arrab. ex
Steud. Ciéncia Florestal 3: 631-641.

Ferrera TS, Pelissaro TM, Eisinger SM, Righi EZ &
Buriol GA (2017) Fenologia de espécies nativas
arboreas na regido central do estado do Rio Grande
do Sul. Ciéncia Florestal 3: 753-766.

Fiaschi P (2015) Araliaceae. In: Lista de espécies da
flora do Brasil. Jardim Botanico do Rio de Janeiro.
Available at <http://floradobrasil.jbrj.gov.br/jabot/
floradobrasil/FB52>. Access on 30 September 2015.

Fiaschi P, Jung-Mendagoli SI, Cabral LP, Frodi
DG (2007) Araliaceae. In: Wanderley MGL,
Shepherd GJ, Melhem TSA, Giulietti AM. Flora
Fanerogamica do Estado de Sao Paulo. 5% ed. :
Instituto de Botanica, Sdo Paulo. Pp. 7-8.

Fockink GD, Zangalli C, Oliveira E & Kanieski MR
(2020) Espécies prioritarias para restauragao da
Floresta Ombrofila Mista Montana e Altomontana
na Bacia Hidrografica do Rio Canoas. Advances in
Forestry Science 7: 911-923.

Fournier LA. 1974. Un método cuantitativo para la
medicion de caracteristicas fenologicas en arboles.
Turrialba 24: 422-423.

Franco AA, Gressler E, Miiller AO & Silva IV (2017)
Fenologia reprodutiva de Palicourea racemosa no
sub-bosque de floresta umida no sul da Amazonia,
Brasil. Revista de Ciéncias Agroambientais 2:
187-197.

Rodriguésia 72: e01092020. 2021



Phenological patterns of Oreopanax fulvus

Guerra A, Reis LK, Borges FLG, Ojeda PTA, Pineda
DAM, Miranda CO, Maidana DPF de L, dos Santos
TMR, Shibuya PS, Marques MCM, Laurance SGW
& Garcia LC (2020) Ecological restoration in
Brazilian biomes: Identifying advances and gaps.
Forest Ecology and Management 458: 1-7.

Hammer @, Harper DAT & Ryan PD (2001) Past:
Paleontological Statistics Software Package for
Education and Data Analysis. Paleontologia
Electronica 1: 1-9.

Higuchi P, Silva AC, Aguiar MD, Mafra AL, Negrini
M & Zech DF (2014) Particao espacial de espécies
arboreas em fungdo da drenagem do solo em um
fragmento de Floresta com Araucéria no Sul do
Brasil. Ciéncia Florestal 2: 421-429.

Hoffmann PM, Blum CT, Velazco SJE, Gill DJC & Borgo
M (2015) Identifying target species and seed sources
for the restoration of threatened trees in southern
Brazil. Oryx 3: 425-430.

Instituto Nacional de Meteorologia — INMET (2015)
Dados Historicos. Disponivel em <http://www.
inmet.gov.br/portal/index.php?r=bdmep/bdmep>.
Acesso em 09 October 2015.

Ivanov G, Fleig F & Tonini, H (2018) Fatores
edafoclimaticos relacionados a produgdo de
sementes em castanhais nativos de Roraima.
Pesquisa Florestal Brasileira 38: 1-6.

Jamir SL, Deb CR & Jamir NS (2016) Studies
on reproductive biology and seed biology of
Panax pseudoginseng Wall. (Araliaceae): a
threatened medicinal plant. International Journal
of Conservation Science 4: 1127-1134.

Kanieski MR, Longhi-Santos T, Milani JEF, Miranda
BP, Galvao F, Botosso PC & Roderjan CV
(2013) Crescimento diamétrico de Blepharocalyx
salicifolius em remanescente de Floresta Ombrofila
Mista Aluvial, Parana. Floresta ¢ Ambiente 2:
197-206.

Kovach (2004) Oriana for Windows. Kovach Computing
Services, Wales.

Liebsch D & Mikich SB (2009) Fenologia reprodutiva
de espécies vegetais da Floresta Ombrofila Mista
do Parana, Brasil. Revista Brasileira de Botéanica
2:375-391.

Lucena IC; Leite MB & Matos DMS (2015) A
deciduidade foliar indica a vulnerabilidade de
espécies lenhosas ao fogo. Revista Arvore 1: 59-68.

Mariot A, Mantovani A, Bittencourt R & Reis MS
(2014) Aspectos da biologia reprodutiva de Drimys
brasiliensis Miers (Winteraceae) em Floresta
Ombrofila Mista, Sul do Brasil. Ciéncia Florestal
4: 877-888.

Marchioretto MS, Mauhs J; Budke JC (2007) Fenologia
de espécies arboreas zoocoricas em uma floresta
psamofila no sul do Brasil. Acta Botanica Brasilica
21:193-201.

Rodriguésia 72: e01092020. 2021

11de 12

Marques MCM, Roper J & Salvallagio APB (2004)
Phenological patterns among plant life-forms in a
subtropical forest in southern Brazil. Plant Ecology
173:203-213.

Martinelli G & Moraes MA (2013) Livro vermelho da
flora do Brasil. Andrea Jakobsson, Rio de Janeiro.
1100p.

Mazza MCM, Santos JE & Mazza CAS (2011) Fenologia
reprodutiva de Maytenus ilicifolia (Celastraceae) na
Floresta Nacional de Irati, Parana, Brasil. Revista
Brasileira de Botanica 4: 565-574.

Medeiros JD, Savi M & Brito BFA (2005) Sele¢ao de
areas para criacdo de unidade de conservagio na
Floresta Ombrofila Mista. Biotemas 3: 33-50.

Mendoza I, Peres C A & Morellato LPC
(2017) Continental-scale patterns and climatic
drivers of fruiting phenology: a quantitative
neotropical review. Global and Planetary Change
148:227-241.

Milani JEF, Roderjan CV, Kersten RA & Galvao F (2013)
Fenologia vegetativa e reprodutiva de Schinus
terebinthifolius Raddi (Anacardiaceae) em um
fragmento de Floresta Ombroéfila Mista Aluvial —
Araucaria (PR). Revista Estudos de Biologia 85:
135-142.

Milani JEF, Roderjan CV, Braghini A & Kersten RA
(2015) Phenology of two tree species of understory
in an alluvial forest in Parana State, Brazil. Spanish
Journal of Rural Development 2: 145-150.

Morellato LPC, Talora DC, Takahasi A, Bencke CC,
Romera EC & Zipparro VB (2000) Phenology
of Atlantic rain forest trees: a comparative study.
Biotropica 4: 811-823.

Morellato LPC, Camargo MGG, Neves FFE, Luize BG,
Mantovani A & Hudson IL (2010) The Influence
of sampling method, sample size, and frequency
of observations on plant phenological patterns and
interpretation in Tropical Forest Trees. /n: Hudson
IL & Keatley MR (eds.) Phenological research:
methods for environmental and climate change
analysis. Springer Netherlands, Dordrecht. Pp.
99-121.

Miiller A & Schmitt JL (2018) Phenology of Guarea
macrophylla Vahl (Meliaceae) in subtropical
riparian forest in southern Brazil. Brazilian Journal
of Biology, 78: 187-194.

Newstrom L, Frankie G, & Baker, H. (1994) A New
Classification for Plant Phenology Based on
Flowering Patterns in Lowland Tropical Rain Forest
Trees at La Selva, Costa Rica. Biotropica, 26(2):
141-159. doi:10.2307/2388804

Ochoa-Gaona S, Hernandez IP & Jong BHJ (2008)
Fenologia reproductiva de las especies arboreas
del bosque tropical de Tenosique, Tabasco, México.
Revista Biologia Tropical, 56: 657-673.



12 de 12

Oleques SS, Overbeck GE & Avia Junior RS (2017)
Flowering phenology and plant-pollinator
interactions in a grassland community of Southern
Brazil. Flora 229: 141-146.

Oliveira CC, Zandavalli RB, Lima ALA & Rodal MJN
(2015) Functional groups of woody species in
semi-arid regions at low latitudes. Austral Ecology
40: 40-49.

Parrini R, Pardo CS, Pacheco JF (2017) Conhecendo as
plantas cujos frutos e recursos florais sdo consumidos
pelas aves na Mata Atlantica do Parque Nacional
da Serra dos Orgdos. Atualidades Ornitologicas
199: 38-136.

Park DS, Breckheimer I, Williams AC, Law E, Ellison
AM & Davis CC (2019) Herbarium specimens
reveal substantial and unexpected variation in
phenological sensitivity across the eastern United
States. Philosophical Transactions of the Royal
Society B: Biological Sciences 374: 1-12.

Pereira TS, Costa MLMN, Moraes LFD & Luchiari C
(2008) Fenologia de espécies arboreas em Floresta
Atlantica da Reserva Biologica de Poco das Antas,
Rio de Janeiro, Brasil. Theringia 2: 329-339.

Peres CA, Barlow J, Gardner TA & Vieira ICG (2013)
Conservacdo da biodiversidade em paisagens
antropizadas do Brasil. Ed. Universidade Federal
do Parana, Curitiba. 587p.

Pirani FR, Sanchez M & Pedroni F (2009) Fenologia de
uma comunidade arborea em cerrado sentido restrito,
Barra do Gargas, MT, Brasil. Acta Botanica Brasilica
4:1096-1109.

Pires EZ, Stedille LIB, Machado S, Mantovani A &
Bortoluzzi RLC (2014) Biologia reprodutiva
de erva-mate (llex paraguariensis A. St.-Hil.)
em remanescente de Floresta Ombroéfila Mista
Altomontana. Revista de Ciéncias Agroveterinarias
2:171-180.

Pscheidt F, Higuchi P, Silva AC, Rech TD, Salami B,
Ferreira TS, Bonazza M, Bento MA (2018). Efeito de
borda como fonte da heterogeneidade do componente
arboreo em uma Floresta com Araucarias no Sul do
Brasil. Ciéncia Florestal 28: 601-612.

Purificagdo KN, Pascotto MC, Mohr A & Lenza E
(2015) Frugivory by birds on Schefflera morototoni
(Araliaceae) in a Cerrado-Amazon forest transition
area, eastern Mato Grosso, Brazil. Acta Amazonica
1: 1-8.

R Core Team. The R Project for Statistical Computing.
R Foundation for Statistical Computing, Vienna,
Austria. Available at <https://www.r-project.org/>.
Acesso em 01 September 2014.

Rezende CL, Scarano FR, Assad ED, Joly CA, Metzger
JP, Strassburg BBN, Tabarelli M, Fonseca GA &
Mittermeier RA (2018) From hotspot to hopespot:

[@)or |

Pinto MB et al.

An opportunity for the Brazilian Atlantic Forest.
Perspectives in ecology and conservation, 16:
208-214.

Ribeiro MC, Metzger JP, Martensen AC, Ponzoni F &
Hirota M (2009) The Brazilian Atlantic Forest:
How much is left, and how is the remaining
forest distributed? Implications for conservation.
Biological Conservation 142: 1141-1153.

SEMA- Secretaria do Meio Ambiente e Infraestrutura/
Fundag@o Zoobotanica. Lista Final das Espécies da
Flora Ameacadas. Decreto Estadual n. 46, publicado
em 10.07.2014. Available at <http://www.fzb.rs.gov.
br/conteudo/4809/?Homologada a nova_Lista da_
Flora_Gaucha Ameacada de Extingdo>. Access on
08 August 2019.

SEMA/GTZ - Secretaria de Estado do Meio
Ambiente/Deutsche Gessellschaft fur Technische
Zusammenarbeit (1995) Lista vermelha de plantas
ameagadas de extin¢do no estado do Parana, SEMA,
Curitiba. 139p.

Silva MPKL, Rovedder APM, Hummel RB, Piaia BB,
Toso LD, Felker RM, Peccatti A & Matiello J (2019)
Desenvolvimento inicial e fenologia em nucleos de
restauracao no bioma Mata Atlantica, Sul do Brasil.
Revista Brasileira de Ciéncias Agrarias (Agraria)
1: 1-7.

Silva PA (2015) Mutualismo arriscado na area suburbana:
frutos da arvore exotica Schefflera actinophylla
(Endl.) Harms (Araliaceae) beneficiam aves nativas
que potencialmente dispersam suas sementes.
Ambiéncia 2: 423-441.

SIMEPAR-Sistema Meteorologico do Parana (2015)
Solicitagdo de dados meteoroldgicos da regido
de Fernandes Pinheiro. Available at <http:/www.
simepar.br/site_pw/faleconosco/dadosacademicos-
create > Access on 07 July 2015.

Soares RV & Batista AC (2004) Meteorologia e
climatologia florestal. Editor, Curitiba. 195p.

Souza VA & Hattemer HH (2003) Fenologia reprodutiva
da Araucaria angustifolia no Brasil. Pesquisa
Florestal Brasileira 47: 19-32.

Specieslink (2020). http://www.splink.org.br/. Database.
Auvailable at <http://www.splink.org.br/ > Access on
18 November 2020.

Wallraft HG (1979) Goal-oriented and compass-oriented
movements of displaced homing pigeons after
confinement in differentially shielded aviaries.
Behavioral Ecology and Sociobiology 5: 201-225.

Wright 1J, Leishman MR, Read C & Westoby M (2006)
Gradients of light availability and leaf traits with leaf
age and canopy position in 28 Australian shrubs and
trees. Functional Plant Biology 33: 407-419.

Zar HJ (1999) Biostatistical analysis. Prentice-Hall, New
Jersey. 663p.

Area Editor: Dr. André Rech
Received in June 16, 2020. Accepted in January 25, 2021.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

Rodriguésia 72: e01092020. 2021



