
1/10Braz. J. Biol., 2025, vol. 85, e294815  |  https://doi.org/10.1590/1519-6984.294815

Original Article

THE INTERNATIONAL JOURNAL ON NEOTROPICAL BIOLOGY
THE INTERNATIONAL JOURNAL ON GLOBAL BIODIVERSITY AND ENVIRONMENT

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

This is an Open Access article distributed under the terms of the Creative Commons Attribution license (https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Introduction

Brazil’s botanical diversity comprises a large part of 
the globe’s biodiversity (Castuera-Oliveira  et  al., 2020; 
Myers  et  al., 2000). This diversity is fundamental for 
the maintenance of ecosystems and for the distribution 
of environmental services related to human well-being 
(Martinelli and Moraes, 2013), but there is an urgent need 
for conservation efforts to mitigate threats of extinction. 
These threats are related to habitat destruction, the 
introduction of exotic species, and climate change (Rai and 

Singh, 2020). Consequently, 35 global biodiversity hotspots 
have been identified as highly susceptible to species loss, 
warranting worldwide conservation priority (Wilson et al., 
2021). Two of these are in Brazil: the Cerrado and the 
Atlantic Forest biomes (Myers et al., 2000).

These more susceptible environments require efficient 
and sustainable management strategies, particularly to 
prevent the inappropriate exploitation of species with 
medicinal properties. In Brazil, although there are legal 
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Resumo
Protium heptaphyllum (Burseraceae) é uma espécie nativa amplamente estudada por seus metabólitos secundários, mas 
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of non-timber forest products, contributing to in situ 
and ex situ conservation (Costa  et  al., 2022; Ponti and 
Sannolo, 2023).

This study aimed to describe the vegetative and 
reproductive phenology of P. heptaphyllum, investigating 
potential correlations between phenophases and 
meteorological variables. The primary question guiding this 
research is: What are the seasonal patterns in the timing 
of vegetative and reproductive events for this species, and 
what environmental factors influence these patterns?

2. Material and Methods

The study was carried out in an Atlantic Forest 
fragment (5°53’30” S, 35°21’30” W, 50 m a.s.l.; Figure 1). 
The vegetation is classified as Semideciduous Lowland 
Seasonal Forest (Costa et al., 2022), exhibiting a transitional 
climate between Köppen’s classification types As’ and BSh’ 
(Alvares et al., 2013). The average annual rainfall in the 
region in 2015 and 2016 were 1127.9 mm and 903.8 mm, 
respectively (EMPARN, 2021), with high temperatures 
throughout the year and rainy season from autumn to what 
is typically considered winter. A voucher specimen with 
registration number 26577 was collected and deposited in 
the herbarium of the Federal University of Rio Grande do 
Norte. Additionally, this study is registered in the Brazilian 
SisGen platform with the code A0FBC35.

We followed the methods of Freire et al. (2022), where 
adult individuals of P. heptaphyllum with a height above five 
meters were selected. To increase the chances of observing 
reproductive events in P. heptaphyllum, a dioecious species, 
adult individuals from both sexes were sampled (twelve 
females and eight males). The evaluations were conducted 
biweekly for two years, from January 2015 to December 
2016, resulting in 48 observations. Due to the accessibility 
and proximity of individuals, observations were carried 
out without the need for visual tools. Subsequently, the 
monthly averages of the observations were computed. 
In the context of our study, leaf senescence represents 
the natural ageing process of leaves in P. heptaphyllum, 
culminating in shedding. Conversely, leaf flushing denotes 
the emergence of new leaves, typically associated with 
the growth season.

The production of flower buds begins with the formation 
of nascent buds, marking the start of the reproductive 
phase, and continues until these buds mature into 
fully developed flowers in anthesis. Flowering (flowers 
in anthesis) designates the phase when flowers open. 
Immature fruits characterize the developmental stage 
post-fertilization before reaching full size and maturity. 
Finally, ripe fruits indicate the fruit’s readiness for dispersal. 
We analyzed synchronicity using an activity index that 
measured the presence or absence of a phenological event 
(Rocha  et  al., 2020). The Fournier (1974) index, which 
employs a quantification scale, was used to evaluate the 
intensity of phenophases (Figure 2).

Following data collection, the Oriana® demo version 
4.02 (Kovach Computing Services, 2020) was employed to 
compute the circular statistics. To aid in the analysis, we 
converted the months into angles using the Julian calendar. 

frameworks addressing medicinal plants, these are often 
embedded within broader environmental legislation 
and still lack specific criteria and clear definitions for 
appropriate use and conservation (Lindberg et al., 2023). 
Furthermore, in most cases, there is limited knowledge 
about the active compounds and conservation status 
of many commercially exploited species (Santos  et  al., 
2024). This lack of regulatory specificity and scientific 
information is also evident at the global scale. According 
to the International Union for Conservation of Nature 
(IUCN) Red List, species such as Protium heptaphyllum 
(Aubl.) March. (Burseraceae) lacks sufficient data for 
formal threat categorization. Despite being recognized as 
a species of research and conservation interest, it remains 
data deficient (Martinelli and Moraes, 2013).

While P. heptaphyllum exhibits a broad distribution 
across the phytogeographic domains of the Amazon, 
Caatinga, Cerrado and Atlantic Forest biomes, information 
regarding its ecology and conservation remains limited 
(Daly, 2015; Rodrigues  et  al., 2024). The species is 
dioecious, meaning it possesses unisexual flowers in 
separate individuals, resulting in not all adult trees 
bearing fruit by the end of the phenophase (Daly et al., 
2022). It is classified as an early secondary species, semi-
deciduous (or evergreen, depending on local conditions), 
and zoochoric, traits that influence its regeneration 
strategy and ecological interactions (Carvalho, 2006). 
Consequently, there is a need to determine the timing 
of reproductive events and the intensity of phenophases 
within the population. The fruits are globular drupes, 
green when immature and red when ripe, measuring 
1.3-1.5 cm × 0.8-1.5 cm (Silva et al., 2007).

P. heptaphyllum is known for its aromatic structures and 
frequent use in folk medicine, as described by European 
naturalists dating to the 19th century (Cabral  et  al., 
2020; Breitbach et al., 2013). Various data are available 
on its chemical constituents and pharmacological 
potential, especially the resin, its most marketed 
product (Almeida et al., 2021). In the literature, there is 
information about the anti-inflammatory, analgesic and 
weight-loss properties of its constituents (Carvalho et al., 
2017), including for the treatment of neuropathic pain 
(Singh et al., 2017), and orofacial pain (Siqueira-Lima et al., 
2017). There are also records of anxiolytic, antidepressant, 
and anticonvulsant effects (Aragão  et  al., 2006, 2015; 
Dimmito et al., 2021). However, there is a lack of ecological 
information to effectively preserve the species’ genetic 
resources (Freire et al., 2019).

Hence, to develop coherent conservation and 
management strategies, it is essential to comprehend the 
species’ behavior in its natural environment (Costa et al., 
2022; Ettinger et al., 2022; Mir et al., 2021). Assessing 
phenophases provides insights into plants’ reproductive 
characteristics by observing key events such as flowering, 
fruiting, leaf flushing, and leaf senescence (Costa et al., 
2022; Diatta et al., 2022; Menon et al., 2025). It also allows 
the evaluation of the relationships between phenophases 
and meteorological variables, generating information 
on the behavior of natural populations in ecosystems. 
Phenological studies are also relevant to identify the period 
of fruit and seed collection and support the sustainability 
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Figure 1. Location of the forest studied in the Rio Grande do Norte state, municipality of Macaíba (A) and the population of Protium heptaphyllum 
in an Atlantic Forest fragment (B).

Figure 2. Experimental design and analysis of a population of Protium heptaphyllum in an Atlantic Forest fragment.
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In this method, we assigned 0° to the first day of the year 
(January 1), and the scale progressed to 360°, representing 
the 365th day of a standard year (December 31). However, 
in the case of a leap year, we extended the scale to 361° 
to account for the additional day. This approach enabled 
a consistent representation across both standard and leap 
years. The significance of the mean angle was analyzed 
using Rayleigh’s test (z), which assesses the uniformity of 
circular data. Additionally, the Watson-Williams test was 
employed to compare mean angles between the two years, 
with significance determined at p < 0.05, and the length of 
the vector r was calculated, which indicates unimodality, with 
data around the average vector, when the value is greater 
than 0.50. In circular graphs, the value of the mean angle 
is represented by a black line, with an arc that is smaller as 
the data is more concentrated to the mean vector.

Phenophases with significant mean angles (p < 0.05) 
were transformed into mean dates, representing the 
peak intensity of each phenophase during the year. 
Meteorological data were obtained from the “Instituto 
Nacional de Meteorologia - INMET” climatological station, 
approximately 20 km from the forest fragment studied. 
The meteorological variable included air temperature, 
rainfall, relative humidity, wind speed, and solar radiation. 
The meteorological data used included: a) data from the 

event month (m0), b) data from one month before the event 
(m1), and data from two months before the event (m2). 
We used the Lilliefors test to check for deviations from 
normality in the phenological data. Since the data were 
non-parametric, we applied Spearman’s non-parametric 
correlation method.

3. Results

The leaf senescence of P. heptaphyllum frequently occurred 
throughout the year, with a low concentration around the 
mean vector, with r values below 0.5 (Figure 3 – P1). The 
leaf flushing also presented a low concentration around the 
mean vector (Figure 3 – P2). Flower buds exhibited minimal 
intensity throughout most of the observed period, with peaks 
in late October 2015 and early November 2016 (Figure 3 – P3). 
The peak flowering was noted in early November 2015 and 
late November 2016, just after the periods of flower buds 
(Figure 3 – P4). The peaks of immature fruits intensity 
occurred in December 2015 and February 2016 (Figure 3 – 
P5), while ripe fruits peaked in January 2015 and February 
2016 (Figure 3 – P6). Hence, reproductive events manifested 
on a modest scale every month, with the highest intensity 
observed from October to February.

Figure 3. Phenological traits of a population of Protium heptaphyllum within an Atlantic Forest fragment. The codes indicated as follows: 
P1 (leaf senescence); P2 (leaf flushing); P3 (flower buds); P4 (flowering); P5 (immature fruits); and P6 (ripe fruits).
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Synchrony between the reproductive events (Figure 4) 
was evident, with phenophases occurring sequentially: 
flower buds, flowering, formation of immature fruits, 
and development of ripe fruits. However, our observation 
through the activity index revealed a discrepancy; the 
number of immature fruits resembled that of flowers, 
suggesting successful fecundation, but fewer ripe 
fruits were observed. This phenomenon was primarily 
attributed to insect attacks observed at the site, causing 
fruit degradation and loss, with many seeds dispersed in 
the soil (personal observation).

Our analysis using the circular statistics revealed that 
no unimodal distribution (r < 0.50) was observed for 
vegetative phenophases or ripe fruits in 2015. This indicates 
the data for these phenophases were not concentrated 
around a single mean direction (vector concentration, r). 
In contrast, Rayleigh’s test (p < 0.05) confirmed seasonality 

for immature fruits in 2015, flower bud production in 
2015 and 2016, flowering in 2015 and 2016, and immature 
fruits in 2015 (Table 1). Regarding vegetative events, only 
leaf flushing showed seasonality in 2015 according to 
the Rayleigh test (Z). The other phenophases had similar 
frequency throughout the year, without significant changes 
in intensity in a given period, i.e. the lower the degree of 
seasonality, the longer the occurrence of phenophase. 
According to the Watson-Williams test (p < 0.01), only bud 
and immature fruits production did not exhibit significant 
differences between the two years under evaluation.

The correlation analysis between phenophases and 
meteorological variables (Table  2) revealed that leaf 
senescence exhibited a positive and significant correlation 
with rainfall (m2= 0.5787*). Similarly, leaf senescence 
demonstrated a positive and significant correlation 
with relative humidity (m1= 0.5129*; m2= 0.4653*). 

Figure 4. Activity index of the flower buds (P3), flowering (P4), immature fruits (P5) and ripe fruits (P6) of a population of Protium heptaphyllum 
within an Atlantic Forest fragment.

Table 1. Mean vector (µ), number of observations of phenophase occurrence (N), mean vector concentration ®, Rayleigh (Z), and 
Watson-Williams tests of Protium heptaphyllum phenophases in the years 2015 and 2016 within an Atlantic Forest fragment.

Phenophases Year µ Mean date N r Z Watson-Williams test

P1 2015 251.26° - 406 0.08 ns 84.28*

2016 150.39° - 392 0.07 ns

P2 2015 13.63° 13/jan 245 0.17 < 0.001 0.66*

2016 5.39° - 280 0.1 ns

P3 2015 295.87° 26/oct 78 0.70 < 0.001 3.48ns

2016 309.99° 10/nov 65 0.71 < 0.001

P4 2015 304.25° 04/nov 140 0.59 < 0.001 4.88*

2016 322.92° 23/nov 96 0.54 < 0.001

P5 2015 341.19° 11/dez 89 0.59 < 0.001 36.50*

2016 37.67° - 68 0.67 ns

P6 2015 17.37° - 40 0.08 ns 1.45ns

2016 57.12° - 56 0.58 ns

The phenophases mean P1 (leaf senescence); P2 (leaf flushing); P3 (flower buds); P4 (flowering); P5 (immature fruits); P6 (ripe fruits); ns 
(not significant); *significant.
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The two correlations that occurred were significant only 
with data from two months before the event. Conversely, 
leaf flushing exhibited a negative and significant correlation 
with rainfall (m2= -0.4571*), with consistent patterns 
observed in the previous and subsequent months. 
Additionally, leaf flushing displayed a positive and 
significant correlation with wind speed two months before 
the event (m2= 0.3991*), and with solar radiation in both 
the same month and the preceding month (m0= 0.4462*; 
m1= 0.4580*).

Flower buds negatively correlated with rainfall in the 
same month and the previous month (m0= -0.4482*; 
m1= -0.3971*). Additionally, flower buds negatively 
correlated with relative humidity in the same month 
(m1= -0.4688*). Higher wind velocity in the same month 
and the previous month was associated with increased 
flower buds (m0= 0.4451*; m1= 0.4500*). Flowering 
negatively correlated with rainfall in the same month 
and the previous month (m0= -0.3899*; m1= -0.5157*). 
Flowering was more prominent when relative humidity 
was lower (m1= -0.4688*), and wind speed was higher in 
the previous month (m1= 0.4755*).

Increased immature fruits production was observed 
when there was reduced rainfall two months before the 
event (m2= -0.4468*), and lower relative humidity in 
the previous two months (m1= -0.4688*; m2= -0.6417*). 
Additionally, immature fruits production showed a 
positive and significant correlation with air temperature 
in the same month and previous month (m0= 0.6876*; 
m1= 0.4441*), as well as with radiation in all the 
months evaluated before the phenophase (m0= 0.5213*; 
m1= 0.6157*; m2= 0.6320*). The rate of ripe fruits 

demonstrated a positive and significant correlation 
with air temperature in the three months evaluated 
(m0= 0.5228*; m1= 0.4820*; m2= 0.4465*), rainfall in the 
same month (m0= 0.3961*), and radiation two months 
before the event (m2= 0.4255*).

4. Discussion

Frequent leaf senescence was observed throughout the 
year, without a proportional production of new leaves, 
characteristic of semideciduous species, which typically 
lose 20% to 50% of their foliage (IBGE, 2012). The highest 
intensity of new leaf emission occurred around January, 
so it is the best period for collecting plant material since 
younger tissues produce more secondary metabolites 
(Tak and Kumar, 2020). Interestingly, all the climatic 
variables were significantly correlated with leaf flushing, 
except for the air temperature, showing the meteorological 
effects on the species, a common fact in Atlantic Forest 
species that can create adaptation mechanisms to 
changes in meteorological variables (Macedo et al., 2021; 
Silva et al., 2020).

In general, there is a positive correlation between solar 
radiation and the production of phenolic compounds 
(Del Valle et al., 2020). These findings suggest that weather 
variability can influence not only phenological events but 
also the biosynthesis of compounds (Inouye, 2022). For 
example, the absence of seasonality in the leaf flushing 
observed in 2016 appears to reflect environmental changes 
and the recurrent annual seasonal calendar of events 
(Inouye, 2022).

Table 2. Spearman correlation (rs) between the meteorological variables and the same month (m0), previous month (m1) and second 
previous month (m2) to the vegetative and reproductive events of a population of Protium heptaphyllum in an Atlantic Forest fragment.

Variables/months
Phenophases

P1 P2 P3 P4 P5 P6

Air temperature (°C) m0 -0.3873 0.3869 0.0058 0.0297 0.6876* 0.5228*

m1 -0.3589 0.3067 -0.2131 -0.1403 0.4441* 0.4820*

m2 -0.0502 0.0292 -0.4397 -0.3759 0.2245 0.4465*

Rainfall (mm) m0 -0.1666 -0.1732 -0.4482* -0.3899* -0.0296 0.3961*

m1 0.2918 -0.2726 -0.3971* -0.5157* -0.2713 0.2162

m2 0.5787* -0.4571* -0.1629 -0.3304 -0.4468* -0.0583

Relative humidity (%) m0 0.0454 -0.3669 -0.4648* -0.3571 -0.2924 0.1364

m1 0.5129* -0.5474* -0.2131 -0.4688* -0.4688* 0.0259

m2 0.4653* -0.3673* -0.0256 -0.2124 -0.6417* -0.2921

Wind speed (m/s) m0 0.2852 -0.0340 0.4451* 0.3593 -0.1081 -0.2908

m1 -0.3271 0.2591 0.4500* 0.4755* 0.1173 -0.2483

m2 -0.2830 0.3991* 0.4567 0.3728 0.2845 -0.1465

m0 -0.1413 0.4462* 0.3060 0.3497 0.5213* 0.2228

Solar radiation (Kj/m2) m1 -0.2830 0.4580* 0.2710 0.3781 0.6157* 0.2886

m2 -0.3698 0.3577 -0.0126 0.1259 0.6320* 0.4255*

The phenophases mean P1 (leaf senescence); P2 (leaf flushing); P3 (flower buds); P4 (flowering); P5 (immature fruits); P6 (ripe fruits); *significant.
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Although most trees evaluated in this study had 
female flowers, fruiting occurred less than expected. Thus, 
the maintenance of the species in the forest fragment 
may be affected by the low rate of fructification of the 
individuals observed, in which it is common for part of 
the flowers not to convert into fruit (Bera et al., 2024). 
Another factor to be considered is the meteorological 
effects on the reproductive events, in which the influence 
of low rainfall and relative humidity on flower buds and 
flowering stood out. Additionally, there was an influence of 
increased temperature and solar radiation on the formation 
of immature and ripe fruits. Such results indicate that 
fluctuations in meteorological conditions may disrupt 
the temporal distribution of phenophases, despite their 
occurrence in nearly every month assessed.

The low intensity of reproductive events may have been 
caused by the effects of El niño, which might have altered 
fruiting and other seasonal phenophase events. El niño is an 
oceanographic phenomenon that influences atmospheric 
circulation, affecting rainfall and temperature in several 
regions of the world (Cai et al., 2020). In 2015-2016, El niño 
was considered strong, and in Brazil the anomaly caused 
a rainfall deficit in the Amazon (North), Northeast and 
Midwest regions (Pereira et al., 2017). In the case of the region 
where the P. heptaphyllum population is located, despite not 
changing the annual averages of rainfall that much, months 
were observed with values different from historical data.

El niño also caused prolonged leaf senescence in other 
species (Kaewthongrach et al., 2020), which can explain 
the behavior of P. heptaphyllum, which showed constant 
shedding during 2015 and 2016. This behavior is expected in 
stressful situations, since P. heptaphyllum is a species classified 
as semideciduous, losing its leaves in stressful situations. 
Besides this, the leaf flushing was higher with lower rainfall 
and higher solar radiation, indicating the phenomenon may 
have influenced the absence of seasonality in 2016.

Phenology is an environmental science necessary to 
understand plant responses to climate changes (Pérez-
Ramos  et  al., 2020). Previous studies have shown that 
phenological sensitivity under experimental heating 
provides important justification for the continuity of this 
type of monitoring, since the information obtained may 
be useful to identify species at risk of decline (Zhang et al., 
2023). According to the Intergovernmental Panel on Climate 
Change Report - IPCC (2013), South America will tend to 
have higher temperatures and reduced water availability. 
Thus, climate change is likely to cause severe impacts on 
plant communities found at high altitudes and in riparian 
areas within tropical forests (Zhang et al., 2023), which 
could affect populations of the species in our study, given 
their presence in vulnerable areas susceptible to impacts.

Climate change generates more extremely unfavorable 
periods and probably affects fruitification, causing 
immature fruits production at the end of the dry season. 
This is an adaptive strategy for seed dispersal during 
the favorable periods (Simão  et  al., 2021). Another 
advantageous strategy for the species was the synchrony 
of flowering, since individuals flowering at the same time 
attract more floral visitors, increasing pollen transport 
(Costa et al., 2022). Since P. heptaphyllum is a dioecious 
species, this favors pollination.

A negative correlation between flowering and rainfall is 
consistent with the species’ pollination strategy, as rain limits 
the activity of flying insects. A study of the identification of 
pollen grains in honey from bees in the Amazon reported 
the pollen frequency of P. heptaphyllum, showing that the 
flowers of the species are an attraction for bees because 
they are good sources of nectar (Souza et al., 2020).

An abundance of P. heptaphyllum pollen grains in honey 
was also reported between January and March, indicating 
that in the Amazon the species presents a phenological 
pattern of flower production in a different period from that 
found in this study. In this context, another phenological 
study of P. heptaphyllum in the Pantanal in the state of 
Mato Grosso do Sul observed that the emission of leaf buds, 
flowers, and fruits had a positive relationship with rainfall 
(Domene et al., 2010). These differences, likely driven by 
geographic distance and variations in phytogeographic 
domains, underscore the need for more comprehensive 
studies, including long-term phenological monitoring 
across multiple populations.

In contrast to other climatic variables, wind speed 
showed no significant correlation with phenological events. 
This lack of association is explained by the zoochorous 
dispersal syndrome of P. heptaphyllum (Carvalho, 2006), 
which relies on animals rather than wind for pollination 
and seed dispersal. Furthermore, the dense canopy structure 
characteristic of forest fragments acts as a physical barrier 
that reduces wind penetration, limiting its influence as a 
phenological trigger.

The vegetative aspects of P. heptaphyllum found in this 
study suggest the optimal time for leaf collection, as this 
aromatic plant contains valuable chemical constituents. 
However, medicinal plants are often harvested unsustainably, 
potentially leading to their extinction (Applequist et al., 
2020). Typically, plants of the same species in different 
environments tend to present significant differences in the 
production of secondary metabolites, under the influence 
by environmental factors, since the biosynthesis of these 
compounds can be related to environmental responses 
(Espinosa-Leal, et al., 2022).

Moreover, seasonal variations influence the number 
of phenolic compounds (Inouye, 2022), and phenophases 
are also related to the production of these compounds, 
with lower amounts found when the plant invests in 
reproductive events (Gomes et al., 2021). This information 
implies that P. heptaphyllum, due to its wide distribution 
throughout Brazil and other South American countries, may 
be directly affected by abiotic environmental variables, such 
as those presented in this study, which consequently can 
affect the production of secondary metabolites, especially 
resin, which has important pharmacological constituents.

5. Conclusions

Protium heptaphyllum exhibits seasonality in the 
phenophases of leaf flushing (January), flower buds (October 
and November), flowering (November), and immature fruits 
(December). This indicates optimal periods for observing 
or collecting vegetative and reproductive structures, with 
January to March being the most favorable for fruit collection.
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The species is affected by climatic effects, particularly 
the strong influence of El Niño on the phenophases in 
the observation period. The vegetative phenophases of 
P. heptaphyllum were negatively influenced by rainfall 
during the respective months of the event occurrence. 
Low rainfall correlated with increased leaf sprouting 
and reduced shedding. Additionally, decreased rainfall 
in the months surrounding the observation period led to 
heightened flower buds, flowering, and immature fruits 
production. Conversely, a positive correlation was observed 
between ripe fruit production and rainfall, indicating that 
rainfall facilitates fruit ripening.

The population exhibited synchrony in reproductive 
events, which represents an advantage of the dioecious 
system. This synchronous strategy can be considered 
efficient, as evidenced by the intensity of immature fruits, 
similar to the values observed for flowering, indicating 
successful fecundation. However, the low production of ripe 
fruits raises the hypothesis that the ripening process may 
be affected by intrinsic factors (such as resource allocation 
or physiological constraints) or by external pressures, 
possibly related to climatic anomalies such as El Niño. 
Although this remains to be verified, such interference 
may hinder the species’ natural regeneration. To mitigate 
these effects, actions such as seedling production and the 
restoration of degraded areas where the species occur 
could contribute to preserving its genetic resources and 
maintaining the availability of its bioactive compounds.
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