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ABSTRACT 
Plant phenological responses are highly sensitive to micro- and macroclimatic changes, which can be intensified by 
anthropogenic disturbances in the Caatinga. This study investigates the differences in the phenological timing (i.e., 
phenological mismatches) of vegetative and reproductive phenophases of Myracrodruon urundeuva Allemão (Aroeira) in a 
young and mature anthropogenic forest area within the same Caatinga fragment. We tested the effects of temperature and 
precipitation on the temporal variation of the phenophases. For one year, plants from a young forest area (21 years) and a 
mature forest area (over 90 years) were monitored monthly to record vegetative phenophases (leaf emergence, senescence, 
and leaf abscission) and reproductive phenophases (flowering and fruiting). We calculated the activity (presence/absence) 
and phenological intensity of the plants. Circular statistics were used to study phenological patterns in both forests. 
Compared to the mature forest, the younger forest exhibited increased leaf emergence and a prolonged period of leaf 
abscission. Early fruiting observed in the anthropized forest may affect its reproductive success, depending on annual 
precipitation patterns for the germination of its recalcitrant seeds. Decreased rainfall and higher temperatures in the 
Brazilian semi-arid region increase the vulnerability of this tree, potentially aggravated by anthropogenic disturbances.
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Introduction
Plants are extremely sensitive to climatic fluctuations 

in temperature and precipitation, which have a significant 
impact on their vegetative and reproductive growth cycles 
(Schwartz, 2003; Richardson et al., 2013; Luna-Nieves et al., 
2017). In semi-arid environments, these variables are even 
more critical, as the distribution of annual precipitation, 
as well as its interannual and seasonal variability, are key 
determinants of the timing of phenophases (Amorim 
et al., 2009; Miranda et al., 2014; Zeppel et al., 2014;  
Silva et al., 2023a,b). Temperature variations are considered 
a secondary ‘trigger’ (Chambers et al., 2013; Morellato  
et al., 2013) that interacts with water availability and can 
affect the activity and intensity of vegetative phenophases.

Although plants may exhibit plasticity in their response, 
anticipating or delaying phenological events (Lesica & 
Kittelson, 2010; Dunnell & Travers, 2011; Aguiar et al., 
2020), the magnitude of this plasticity can be affected by 
species sensitivity to temperature, photoperiod, and water 
restriction (Amorim et al., 2009; Richardson et al., 2013; 
Oliveira et al., 2015). Woody vegetation in the Caatinga 
loses its leaves and reproduces (flowering and fruiting) 
during the dry season (Machado et al., 1997; Amorim  
et al., 2009), a period of higher temperature and lower water 
availability. These phenological responses allow diaspore 
dispersion to occur close to the beginning of the next rainy 
season (Souza et al., 2014; Silva et al., 2023a), a period when 
soil water availability is higher, favoring germination and 
seedling growth (Silva et al., 2015). Other species adjust 
the occurrence of their reproductive phenophases to the 
rainy season or the transition between climatic seasons  
(Araújo et al., 2007; Silva et al., 2023a; Aguiar et al., 2024),  
but a complete absence of reproduction within the 
population may occur if the total annual precipitation is 
deficient (Amorim et al., 2009; Luna-Nieves et al., 2017).

However, anthropogenic actions may also induce 
changes in microclimate conditions in the forest. Removal of 
plant cover for the establishment of agro-pastoral systems 
and selective plant cutting, for example, are frequent in  
semi-arid areas. Some areas are abandoned after use, and 
the forest naturally regenerates, forming a landscape mosaic 
of small young forests, with little diversity of microhabitats 
and, sometimes, isolated from the mature forests  
(Calegari et al., 2010; Araujo et al., 2019).

The microclimate conditions in young anthropogenic 
forests, particularly those in early successional stages, differ 
from the interior of mature forests due to higher incidence of 
sunlight and wind speed, as well as lower relative humidity 
(Athayde & Morellato, 2014; Araujo et al., 2017). The 
interaction of these variables increases evapotranspiration 
and decreases soil water availability, which can impact plant 
growth and the natural regeneration process of the forest. 
Moreover, they may also cause changes in the timing of 
annual phenophases, including inhibition, anticipation, 

or delay in flowering and fruiting, as well as reduced 
production of flowers and fruits (Amorim et al., 2009; 
Dunnell & Travers, 2011; Silva et al., 2015; Araujo et al.,  
2017; Araujo et al., 2019; Aguiar et al., 2020; Silva et al., 
2023b). Thus, the conditions of forests at different ages can 
be very heterogeneous between years and seasons, causing 
greater variation in the phenological responses of plants. 
Therefore, describing the phenological responses of plants 
in mature and young forests allows for tracking changes in 
the ecophysiology of species and highlighting adjustment 
strategies. These strategies can be used to define actions 
that aid in the conservation of natural systems (Morellato 
et al., 2016).

Understanding variations in plant phenological 
responses becomes more important, chiefly because 
numerous species are significant resources for the survival 
of low-income families in semi-arid areas (Nascimento et al., 
2019). The use pressure is often intense, and some species 
are already classified as vulnerable in the IUCN Red List 
of Endangered Species (Rivers, 2024). These species are 
not able to recover swiftly from the impacts of recurrent 
use or anthropogenic disturbances in forests. A good case 
study is Myracrodruon urundeuva Allemão (“aroeira-do-
sertão”), a woody dioecious plant widely used and traded 
by local populations due to its medicinal and timber value 
(Monteiro et al., 2011a; Silva et al., 2019), which is on 
the IUCN Red List of Threatened Species (Prado, 1998).  
For this species, future climate scenarios indicate a 
significant reduction in the potential occurrence area, 
notably affected by deforestation (Capo et al., 2022).

Considering the aforementioned assumptions, this 
study aims to evaluate the differences in the activity and 
intensity of vegetative and reproductive phenophases in 
two populations of Myracrodruon urundeuva, located in 
a young anthropized forest area and a preserved forest 
area within the same fragment of Caatinga. We expect to 
identify significant differences in the timing, intensity, 
and synchrony of these phenophases, which we attribute 
to the historical effect of the anthropization process that 
the area has undergone. Additionally, we intend to assess 
how climatic variations, particularly temperature and 
precipitation, may influence the phenological rhythm of this 
valuable tree species in the semi-arid region of northeastern 
Brazil.

Materials and Methods

Study area
The study was conducted at the Experimental Station of 

the Instituto Agronômico de Pernambuco - IPA (8º14’18” S 
and 35º55’20” W, 537m altitude) in Caruaru municipality, 
Pernambuco, Brazil. The climate is classified as semi-arid 
BSh according to the Köppen classification, with a mean 
temperature of 21.7ºC and an average annual precipitation 
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of 663 mm (Alvares et al., 2013). However, during the 
study period, the annual precipitation was 550.01 mm. 
Approximately 80% of the total annual precipitation occurs 
between March and August (Araujo et al., 2019). Although 
the rainy and dry seasons are well-defined temporally, 
occasional rainfall can occur in the dry season, and an 
“Indian summer” may occur during the rainy season, or 
there may be an anticipation or delay in the onset of each 
season (Araújo et al., 2007).

The area is drained by the Olaria stream, part of the 
Ipojuca River Basin, and the native vegetation is classified 
as a seasonally dry tropical forest (Caatinga). Within the 
IPA Station, there are experimental agriculture and pasture 
areas adjacent to a fragment of mature forest preserved 
for over 90 years. In 1994, approximately 3 ha of land on 
the edge of this mature forest (MF) was cleared for the 
establishment of a giant palm (Opuntia ficus-indica (L.) Mill.) 
experimental plantation without the use of fire or pesticides. 
Subsequently, the crop was abandoned, and the forest has 
since been naturally regenerating, resulting in a young forest 
(YF) separated from the mature forest by a narrow mud 
road measuring three to five meters in width. The YF also 
exhibits areas not yet colonized by woody plants, greater 
spacing between plants, lower woody species richness, 
and differences in microclimatic conditions compared to 
the original MF, indicating that its successional stage has 
not yet reached maturity after 21 years (Lopes et al., 2012; 
Souza et al., 2014). The soil in both the young and mature 
forests is classified as Yellow Eutrophic Podzolic, with similar 
physical and chemical compositions (Araujo et al., 2019).

Selected species
Myracrodruon urundeuva Allemão (Anacardiaceae), 

popularly known as ‘aroeira-do-sertão’, is a dioecious, 
anemochoric tree that disperses its seeds during the 
transition between dry and rainy seasons (Leite, 2002; 
Monteiro et al., 2012). The species is represented by a 
reference material deposited in the Professor Vasconcelos 
Sobrinho Herbarium (PEUFR), under the registration 
number 46639. This tree is widely distributed in Caatinga 
vegetation, found in both preserved and anthropogenic 
forests. It blooms and bears fruit during the dry season, 
when it exhibits deciduous characteristics (Andrade et al., 
2000). It is considered a vulnerable species according to 
the National Center for Plant Conservation, mainly due 
to its wood being widely used for medicinal and forage 
purposes. Apart from its use as firewood, the wood is 
extensively employed in construction, carpentry, and 
furniture making as stakes, posts, beams, slats, and other 
applications (Figueirôa et al., 2005; Capo et al., 2022).  
Its bark, peel, and fruit are pharmacologically utilized 
for their anti-inflammatory, astringent, antiallergic, and 
cicatrizing properties, commonly used in treatments for 
bronchitis, wound healing, vaginal discharge, diabetes, 

influenza, cough, sore throat, spinal pain, stomach pain, 
and gastritis (Monteiro et al., 2011a; Silva et al., 2019).  
Due to its high medicinal value, it is also commercially 
traded in open markets, increasing collection pressure  
(Monteiro et al., 2011b). As a forage resource, it is important 
for native bees, sheep, and goats (Figueirôa et al., 2005).

These characteristics underscore the species’ importance 
for populations in semi-arid environments, prompting 
us to select it for evaluating whether modifications to 
forests would adversely affect its phenology, fruit, and 
seed production, thus posing conservation challenges.

Data collection
The studied fragment of Caatinga forest is divided into 

100 plots of 25 m², with 50 plots in each of the MF and YF 
areas, which have been used in other ecological studies (Souza 
et al., 2014; Silva et al., 2015; Araujo et al., 2017; 2019).  
In each of these areas, considering the previously marked 
plots, 15 adult plants of Myracrodruon urundeuva were 
randomly selected and marked for monthly monitoring 
of vegetative phenology (bud break or leaf emergence, 
senescence, and leaf abscission) and reproductive phenology 
(flowering and fruiting), totaling 30 plants. It is important 
to highlight that there was an active search for individuals 
in all plots to meet the minimum required quantity for this 
study, as individuals were not present in all sampled plots.

These plants ranged in height from approximately 4 to 9 
meters (6.7 ± 1.2) in the YF and 4 to 12 meters (7.6 ± 1.4) in 
the MF. Leaf budding was assessed by the emergence of new 
leaves, senescence was determined by the yellowing of over 
50% of the leaf mesophyll and leaf abscission was identified 
by the occurrence of leaf drop. Flowering was recognized 
by the presence of buds and open flowers, while fruiting 
was monitored from the onset of ovary development to the 
complete maturation of fruits. Phenological monitoring 
was conducted from August 2015 to July 2016.

Because it is a dioecious species, the number of male 
and female plants sampled in each forest was counted. 
The presence (1) or absence (0) of each vegetative and 
reproductive phenophase was recorded monthly for each 
plant. Additionally, each plant was classified based on five 
visual categories of phenophase expression magnitude, 
as proposed by Fournier (1974): 0 - phenophase absence, 
1 - plants with up to 25% of the crown expressing the 
phenophases, 2 - plants with more than 25% up to 50%, 
3 - plants with more than 50% up to 75%, and 4 - plants 
with more than 75% up to 100% expressing the phenophase.

To assess the effects of temperature and precipitation 
on the temporal variation of the phenophases, monthly 
precipitation data were obtained from the meteorological 
station in the study area (IPA), with a single set of 
values for both forests due to the presence of only one 
weather station in the region. Temperature data were 
collected monthly at a height of 1.50 m above the ground,  
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at the same time (12:00 PM), from 10 different points 
within each forest, using a portable digital thermo-hygro-
anemometer-luxmeter, model THAL-300. The monthly 
temperature and precipitation values, detailed in Figure 1,  
were the climatic data correlated with the analyzed 
phenophases. We used the THAL to collect data on wind 
speed, relative humidity, and luminosity to describe the 
differences between the microenvironments of the young 
and mature forests.

Phenological analyzes
The vegetative and reproductive plant phenophases 

were evaluated by the indices of activity (Bencke & 
Morellato, 2002), intensity (Fournier, 1974), and the species 
phenological strategy (Newstrom et al., 1994). The activity 
index of each phenophase expresses the percentage of plants 
that are simultaneously manifesting each phenophase in the 
population. For this, the percentage of plants expressing each 
phenophase during the monitoring period was calculated 
(Bencke & Morellato, 2002). The Fournier intensity index 
indicates the phenophase magnitude during sampling.  
To calculate this index, the values of the categories attributed 
to each plant were summed and divided by the total number 

of plants, multiplied by the value adopted in the category 
of greatest magnitude, which is equivalent to 4, and this 
resulting division is expressed as a percentage (Fournier, 
1974; Bencke & Morellato, 2002).

The analysis of the phenological strategy indicates 
phenophase duration, classified based on its occurrence 
period (Newstrom et al., 1994; Le Stradic et al., 2018) as: 
continuous, if present throughout the year (non-seasonal); 
seasonal or short term, lasting up to two months; seasonal 
medium or intermediate, lasting more than 2 up to 6 months; 
extended or extended seasonal, with phenophases lasting 
between 6 months and one year. Besides, considering the 
study area’s seasonality, the timing of the phenophases in 
the climatic season of the region was indicated, such as the 
rainy season (February to July), dry season (September to 
December), and the transition seasons from the dry-rainy 
(January) and rainy-dry (August).

Statistical analyzes
To test the species’ seasonality and synchrony in 

vegetative and reproductive phenophases between young 
and mature forests, we applied circular statistics (Morellato 
et al., 2010), using the monthly percentages of activity and 

Figure 1. Precipitation and temperature recorded from August 2015 to July 2016, in the mature (MF) and young (YF) forests from 
Caatinga vegetation, Caruaru, Pernambuco, Brazil.
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intensity of the phenological event. The circle was divided 
into 12 intervals equidistant at 30º, representing the 12 
months of observation, completing 360º with the closing 
of the circle. In each forest, for each phenological event, 
a matrix was constructed containing, in the first column, 
the 12 months of observation represented by the angle 
intervals, the monthly values of phenological activity in 
the second column, and the values of phenological intensity 
in the third column. The circular statistics (Kovach 2011) 
were performed with the help of the Oriana 4.2 software 
(Kovach, 2011). The percentages of activity and intensity 
of each phenophase per week were used to calculate the 
circular statistics parameters: mean angle (µ), mean angle 
significance (Z), and mean vector length (r).

The mean angle (µ) is the central angle that corresponds 
to a point, i.e., to an average date or week, in which 
the mean percentages of activity and intensity of each 
individual’s phenophase were high (Morellato et al., 2010). 
It is important to remember that the mean angle (or 
corresponding date/ week) does not necessarily represent 
the peak week for each phenophase but rather indicates 
the central trend of the activity and intensity data for each 
phenophase. The significance of the mean angle (µ) was 
assessed by the Rayleigh test (Z), which allowed us to assess 
whether the individuals were concentrated around the 
mean angle or evenly distributed between the observation 
periods. The hypotheses tested in the Rayleigh test (Z) were  
H0 = percentages of activity and intensity of each 
phenophase are uniformly distributed around the mean 
angle, meaning no seasonality; HA = percentages of activity 
and intensity of each phenophase are not evenly distributed 
throughout the year, with a significant mean direction in the 
distribution, meaning the existence of a seasonal pattern. 
The length of the mean vector (0 ≤ r ≤ 1) indicates the 
magnitude of the concentration of individuals around the 
mean angle, that is, the degree of seasonality or synchrony 
of the population. Values close to one (1) indicate a higher 
degree of seasonality and population synchrony.

To investigate the potential association between 
the phenological responses of plants and the monthly 
temperature values (collected in each environment) and 
precipitation (obtained from the experimental station, which 
is similar for both environments), circular correlations were 
employed using the Oriana 4.2 software (Kovach, 2011). 
This approach allows not only quantifying the strength and 
direction of these relationships but also identifying circular 
patterns that show how environmental factors influence 
phenological stages (Fisher, 1993). The differences between 
the forests at the onset and peak of each phenophase were 
evaluated using the Watson-Williams test (F-test) with the 
Oriana 4.2 software (Kovach, 2011). These differences,  
as indicated by the test, signify that the populations were 
not synchronized in the timing of their phenophases.  
The sample dispersion was previously tested by Watson’s 
Test (U²), to verify the presence of Von Mises distribution, 
which is required for the F test achievement.

Results
The mature forest (MF) and the young forest (YF) exhibit 

different microclimatic characteristics. In the MF, the annual 
average values were 10,610 lux for luminosity, 29.1ºC for 
average temperature, 0.34 m/s for wind speed, and 56.2% 
for relative humidity. YF recorded luminosity values of 
13,681 lux, an average temperature of 29.6 ºC, and a wind 
speed of 0.83 m/s, along with an average relative humidity 
of only 52.4%. More details on the monthly variations in 
precipitation and temperature can be found in Figure 1.

In general, M. urundeuva showed seasonal responses in 
its phenology. Foliar sprouting was seasonally extended, 
enduring eight months in both forests, with high synchrony 
during the rainy season and in the transition between dry 
and rainy seasons, and presenting no statistical difference 
between forests (F = 0.06; p>0.05). The leaf budding intensity 
ranged from 2.3 to 40.9% in MF and from 2.3 to 79.5% in YF.  
The leaf budding peak was more intense in January, with 
no significant differences between the forests. Only the 
precipitation correlated with the occurrence of leaf budding 
(MF: r=0.5; p<0.05 – YF: r=0.68; p<0.05) (Figs. 2-3, Tab. 1).

Leaf senescence occurred during the dry season but 
had different responses among the forests in activity 
and intensity of the phenophases (F=57.1; p<0.01).  
Leaf senescence was short seasonal, occurring in September 
and October with high synchrony (r = 0.9; 100%) in the MF, 
and it was the seasonal median, occurring from September 
to November with high synchrony only in October (r = 0.9; 
100%) in the YF, whose also presented an extension of this 
event. Intensity index of senescence ranged from 36.3 to 
63.6% in MF and from 20.4 to 56.8% in YF. Precipitation was 
negatively correlated with leaf senescence, being significant 
in YF (r =-0.6; p=0.028), and marginally significant in 
MF (r =-0.56; p=0.055), probably because 100% of the 
plants presented senescence in only two months of the 
dry season. Temperature was positively correlated to 
senescence occurrence in both forests (YF: r= 0.72; p<0.01;  
MF: r= 0.58; p<0.05) (Figs. 2, 3, Tab. 1).

Foliar abscission occurred only in the dry season, it was 
short seasonal in both forests and highly synchronized 
in the population (MF: r=0.99; YF: r=0.98). Abscission 
was recorded in 100% of the plants only in October for 
the MF, while in YF it was recorded in 100 and 18% of 
the plants in October and November, respectively. The 
abscission intensity index was 75% in MF, while in YF it 
was 68 and 14% in October and November, respectively, so 
the abscission expression differed in both forests (F= 11.6; 
p<0.01). Statistically, there was no correlation between 
abscission and precipitation (MF: r=-0.40; p=0.19 –  
YF: r=-0.48; p=0.11), although this phenophase occurred 
only at the end of the dry season in both forests. Temperature 
was correlated to the abscission in the YF (r= 0.58; p< 0.5) 
and in the MF (r= 0.60; r< 0.05) (Figs. 2, 3, Tab. 1).

Flowering was short-seasonal occurring only in the 
dry season (November and December), with high activity  
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Figure 2. Circular distribution of percentage activity of vegetative and reproductive phenophases of Myracrodruon urundeuva Allemão 
in young (YF) and mature forests (MF) from Caatinga vegetation, Caruaru, Pernambuco, Brazil. Rain seasonality is represented by 
the color variation around the circle. The arrow indicates the month or the average angle; the arrow length indicates concentration 
around the mean, i.e., the seasonality degree; and the black center circle represents the mean angle significance by the Rayleigh test.
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Figure 3. Circular distribution of percentage intensity of vegetative and reproductive phenophases of Myracrodruon urundeuva Allemão 
in young (YF) and mature forests (MF) from Caatinga vegetation, Caruaru, Pernambuco, Brazil. Rain seasonality is represented by 
the color variation around the circle. The arrow indicates the month or the average angle; the arrow length indicates concentration 
around the mean, i.e., the seasonality degree; and the black center circle represents the mean angle significance by the Rayleigh test.
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Table 1. Circular statistics of percentage activity and intensity of vegetative and reproductive phenophases of Myracrodruon urundeuva 
Allemão in young and mature forests from caatinga vegetation, Caruaru, Pernambuco, Brazil.

Circular statistics LM LY SM SY AM AY FLM FLY FRM FRY

phenological
activity

µ 205.4° 206.7° 60° 73.4° 75.2° 79.5° 118.8° 117.2° 134.4° 128.7°

r 0.43 0.71 0.96 0.94 0.99 0.98 0.96 0.97 0.99 0.97

CV 0.56 0.28 0.03 0.053 0.001 0.019 0.031 0.03 0.002 0.022

CSD 73.8° 46.9° 15.0° 18.8° 3.03° 11.1° 14.4° 14.2° 3.98° 12.0°

Z 65.7* 167.2* 186.6* 146.2* 100.7* 113.6* 153.8* 154.2* 50.7* 108.1*

phenological
intensity

µ 198.6° 195.2° 64.2° 75.1° 75.3° 80.1° 120.2° 117.5° 134.4° 127.4°

r 0.55 0.78 0.96 0.94 0.99 0.98 0.96 0.96 0.99 0.97

CV 0.44 0.21 0.03 0.05 0.002 0.02 0.03 0.03 0.002 0.02

CSD 62.5° 39.4° 14.4° 19.6° 3.4° 11.6° 14.5° 14.2° 3.98° 12.8°

Z 34.8* 102.7* 93.8* 86.2* 75.7* 78.6* 121.8* 100.5* 50.7* 68.4*

Note: (µ) Average angle; (r) Vector or measure of concentration or seasonality degree; (CV) Circular Variance; (CSD) Circular Standard 
Deviation; (Z) Rayleigh Test, (*) = p<0.05; LM = leaf sprouting in mature forest; LY = leaf sprouting in young forest; SM = leaf senescence 
in mature forest; SY= leaf senescence in young forest; AM = leaf abscission in mature forest; AY = leaf abscission in young forest; 
FLM = flowering in mature forest; FLY = flowering in young forest; FRM = fruiting in mature forest; FRY = fruiting in young forest.

(MF: 91%; YF: 100%) and high intensity (MF: 66%; YF: 
64%) in the populations. Flowering revealed that 36% of 
MF plants and 76% of YF plants were female. Flowering 
synchrony was similar among the forests (F= 1.05; 
p>0.05). Flowering was not correlated with precipitation  
(MF: r=-0.29; p=0.35 – YF: r=-0.32; p=0.29), and neither 
with temperature (MF: r=0.39; p=0.20 – YF: r=0.49; p=0.09) 
(Figs. 2, 3, Tab. 1).

Fruiting was seasonal and short-lived within the dry 
season, occurring exclusively in December for MF and from 
November to December for YF, with an earlier onset in the 
latter forest. Despite the high synchrony and concentration 
of fruiting in both forests (r = 0.9), only 50% of female 
individuals fruited in MF and 87% in YF. Concerning 
activity and phenological intensity, there was a difference 
in flowering between forests (F= 14.15; p<0.01). The fruiting 
synchrony (in December) was low in the MF (50%) and 
high in the YF (87%). The fruiting intensity index was 50% 
in the MF and 19% and 53% in October and November, 
respectively for the YF. Fructification was not correlated 
with the precipitation (MF: r=-0.07; p=0.81 – YF: r=-0.04; 
p=0.89), and neither with temperature (MF: r=-0.11; p=0.73 
– YF: r=0.07; p=0.80) (Figs. 2, 3, Tab. 1).

Discussion
Our expectations were partially confirmed, as differences 

were observed between the young and mature forests in 
leaf senescence and abscission, as well as in flowering and 
fruiting. We noticed that the timing of leaf emergence 
was similar between the forests but with greater intensity 
of this phenophase in the Young Forest (YF) throughout 

its occurrence. Correlations with climatic variation in 
precipitation and temperature occurred only in leaf 
emergence and senescence in both forests.

The literature consolidates evidence suggesting that 
light incidence, precipitation, temperature, and photoperiod 
are factors that influence the vegetative and reproductive 
phenology of plants in tropical forests (Morellato et al.,  
2013; Olsson & Butenko 2018; Aguiar et al., 2024).  
Among these, increased precipitation serves as a primary 
trigger, prompting numerous plant species to invest in 
growth and reproduction with the onset of the first rains 
in dry forests (Williams-Linera & Meave 2002, Richardson 
et al., 2013; Miranda et al., 2014; Zeppel et al., 2014;  
Silva et al., 2023a). 

Higher water availability in the rainy season positively 
stimulates the production of new leaves (Siqueira Filho 
et al., 2010; Valdez-Hernández et al., 2010; Souza et al., 
2014; Silva et al., 2023a), for activating the leaf buds from 
meristematic tissues (Quesada et al., 2009; Li and Zhou 
2012; Mendivelso et al., 2016), which justifies the positive 
correlation recorded between leaf budding and precipitation 
in both forests.

Besides directly influencing the individual productivity 
of trees, the differences in vegetative phenology observed 
between the younger anthropized forest and the preserved 
forest can have profound implications for the population 
dynamics of Myracrodruon urundeuva. For instance, the 
intensified leaf emergence in the younger forest reflects 
in its phenology the indirect effects of past human 
actions, allocating more resources to foliage production.  
This intensification of new leaf production may be 
an adaptive strategy to maximize photosynthetic 
rates and biomass accumulation (Araujo et al., 2017;  
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Derroire et al., 2018), which is advantageous in a young 
forest with higher light availability. Such a phenological 
response could confer significant competitive advantages 
to young individuals in disturbed environments but also 
intensify competition for space and resources within the 
population. This competition, which is a characteristic of 
regenerating environments, intensifies especially in the early 
stages of forest development, and trees may face difficulties 
in obtaining the necessary resources for their growth and 
survival, leading to increased mortality (Urgoiti et al., 2023).

On the other hand, the dry season induces senescence 
and foliar abscission as a water-saving strategy  
(Li & Zhou 2012; Souza et al., 2014; Mendivelso et al., 2016;  
Olsson & Butenko 2018; Aguiar et al., 2024), as was also 
recorded in this study for both forests. The profound impact 
of water scarcity on M. urundeuva physiology concentrated 
on the phenological event of leaf abscission in a few 
months (1-2). This concentration prevented the statistical 
detection of a correlation between reduced precipitation and 
increased abscission in the present study. This finding was 
unexpected, considering that deciduousness is commonly 
observed during periods of water restriction in semi-arid 
environments, a strategy aimed at retaining nutrients and 
allocating resources to flowering (Machado et al., 1997; 
Araújo et al., 2007; Amorim et al., 2009). Leaf abscission 
had a positive correlation with temperature and, perhaps, 
the interaction between temperature and precipitation 
increased the water restriction in the forests, favoring the 
concentration of abscission.

Foliar senescence and abscission in M. urundeuva 
were highly synchronous across the forests. However, we 
observed an extension of these phenophases in the YF,  
without differences in intensity, indicating greater tolerance 
of these populations to dry conditions. The reason for 
this phenophase prolongation in the YF, which had higher 
temperatures and recorded higher wind speeds and 
lower relative humidity (Araujo et al., 2017), is not fully 
understood. It could simply reflect greater plasticity in the 
leaf morphology of these populations, allowing for greater 
leaf longevity and consequently, increased tolerance to 
desiccation and plant survival (Pineda-García et al., 2013; 
Araujo et al., 2019). Alternatively, this leaf longevity could 
be a strategy to confer a competitive advantage in terms 
of light interception and growth during critical periods 
(Urgoiti et al., 2023). These hypotheses require further 
investigation in future studies. In this study, we show that 
the effect of precipitation on the duration of senescence 
and abscission seems to have less influence in the YF than 
in the MF, although these events were recorded during the 
dry season in both forests, as also reported by other studies 
(Amorim et al., 2009; Santos et al., 2011).

Reproductive phenophases of M. urundeuva occurred 
synchronously in the dry season in both forests, but the 
time for fruit formation was lower in YF, occurring during 

the same month as the beginning of flowering. This indicates 
that plants still perceived the microclimatic variations 
among forests, even after 21 years since the occurrence 
of anthropogenic disturbance. Furthermore, the higher 
fruit production observed in the YF was attributed to the 
species’ dioecism (Leite, 2002), as the YF sample had a 
greater number of female plants that were only identifiable 
during flowering.

The climatic seasonality of the study area was perceived 
by the plants in both forests since reproductive phenophases 
occur near the end of the dry season. This response 
is particularly important for M. urundeuva, which is an 
anemochoric species that has recalcitrant seeds (Tsukamoto 
Filho et al., 2013). The wind speed during the dry season 
promotes seed dispersion (Nunes et al., 2008), and their 
subsequent arrival in the soil near the beginning of the 
following rainy season facilitates the recruitment of their 
seedlings. This is particularly important since M. urundeuva 
seeds have short longevity and lose viability after 3 months. 
In the younger forest, early fruit production can confer 
advantages or disadvantages to the species, as it may result 
in delayed or advanced dispersal at the onset of the rainy 
season (Araujo et al., 2019). If there is an anticipation 
of rainfall, the strategy of anticipating fruiting becomes 
advantageous, since the seeds would have more time to be 
recruited. On the other hand, if there is a delay in the onset 
of rains, seeds from earlier fruits tend to lose viability and 
subsequent mortality, representing a loss in the species’ 
reproductive success in the young forest.

Finally, factors other than climate can influence 
the reproductive phenology of plants in a regenerating 
environment, such as soil water retention capacity in 
microhabitats (Morellato et al., 2016; Aguiar et al., 2020). 
For the species M. urundeuva, the availability of this 
factor is particularly relevant, as it directly influences the 
partitioning and allocation of carbon between aboveground 
and belowground plant fractions (Poorter et al., 2012).  
If water availability in the soil is reduced, the roots are likely 
to benefit from this process to maximize the absorption 
of the most limiting factor, which triggers changes in the 
timing of phenophase expressions, such as the emergence 
of new leaves and the start of the reproductive process 
(Figueirôa et al., 2004; Eziz et al., 2017).

In this context, anthropogenic disturbances emerge as 
an additional factor to consider in phenological studies. 
These disturbances can induce temporal changes in the 
occurrence of phenophases (Lesica & Kittelson, 2010;  
Dunnell & Travers, 2011), as observed in this study with 
the YF. The intensive use of forest resources and consequent 
habitat fragmentation can impair plant-pollinator 
interactions. Plant species dependent on these specialized 
interactions may face challenges in reproduction, leading 
to reduced fruit production in forest regeneration areas 
(Silva et al., 2023b). A concerning finding in this study is 
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the occurrence of only 37% female individuals in MF, of 
which only 50% fruited, revealing an ecological issue that 
requires further investigation.

Anthropogenic disturbances in Caatinga forests are 
pervasive, impacting numerous animal and plant species 
that serve as crucial resources for local communities 
(Nascimento et al., 2019; Silva et al., 2019; Silva et al., 
2023b). The extraction of these resources fulfills the 
needs of human populations, yet it also induces habitat 
alterations capable of disrupting the timing and intensity 
of phenophases, hindering the utilization of these resources 
by local communities for extended periods. Despite the 
passing of 21 years since anthropogenic disturbances, our 
study revealed persistent temporal changes, highlighting 
alterations in the timing and intensity of phenophases 
compared to the preserved forest. This ongoing disruption 
might foreseeably lead to a considerable reduction in the 
distribution of the species within its native range, possibly 
prompting migration to regions in Brazil with a presently 
milder climate. This shift is attributed to the combined 
effects of anthropogenic actions and climate change  
(Capo et al., 2022).

It is worth noting that M. urundeuva is a highly valued 
resource in the Brazilian semi-arid region due to its wood 
quality and medicinal properties, which make it important 
for the survival of many low-income families (Figueirôa et al.,  
2005; Monteiro et al., 2012; Monteiro et al., 2011a;b; 
Nascimento et al., 2019; Silva et al., 2019). However, the 
dioeciousness and seed recalcitrance of the species, together 
with the anthropogenic disturbances in the forests, highlight 
the urgent need for conservation measures. Currently, this 
species is at risk of extinction, with declining populations, 
(Monteiro et al., 2011a; Rivers, 2024), and the increasing 
number of young forests in northeastern Brazil may 
exacerbate resource availability issues. Moreover, there 
is an expectation that rainfall will decrease by about 
30% to 50% in the future (Ambrizzi & Araújo, 2014;  
Caretta et al., 2022), which could intensify water restrictions 
in the forests and have a greater effect on the timing, 
duration, and intensity of vegetative and reproductive 
phenophases.
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