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Abstract. Restinga ecosystems in Brazil are characterized by harsh environmental conditions and high
biodiversity, yet many of their endemic plant species remain poorly studied. Understanding the reproductive
ecology of these species is essential for developing effective conservation strategies. This study investigated
the ecological and reproductive strategies of Myrcia ovina, an endemic and critically endangered shrub
in Restinga. We monitored phenological events over a 12-month period and analyzed vegetative and
reproductive patterns with circular statistics and correlations with climatic variables (temperature
and precipitation). Observations also included vegetative behavior and potential ecological drivers of
reproductive timing. Our findings indicate that Myrcia ovinais an evergreen species with continuous leaf
exchange, which is an important trait for maintaining photosynthesis in nutrient-poor soils. The species
exhibits a marked annual flowering peak during the dry season, likely aligning with pollinator availability
and reducing herbivory pressure. Fruit development peaks at the beginning of the rainy season, when
increased water availability may support seed maturation. However, seed dispersal may be less effective
during this period due to reduced frugivore activity in the presence of more abundant food sources. The
positive correlation between bud production and preceding precipitation highlights the role of historical
moisture availability in reproductive success. These results demonstrate how Myrcia ovina is finely tuned
to the seasonal dynamics of the Restinga and offer important insights into the adaptive strategies of
Myrtaceae species in tropical coastal systems. This study contributes valuable knowledge for biodiversity
conservation in these vulnerable ecosystems.
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INTRODUCTION

Phenology encompasses the study of the timing
of biological events in organisms, such as growth,
development, reproduction, and other seasonal
behaviors, over time. Phenological investigations
of species and/or plant assemblages contribute to
generating information on aspects related to their
reproduction (Talora & Morellato 2000), vegetation
regeneration (Sakai & Kitajima 2019), and the
temporality of resource distribution for fauna
(Elhalawany & Abou-Setta 2013), which are essential
not only for understanding ecosystem dynamics
but also for guiding environmental management
strategies, such as fire regime planning, to support
biodiversity and resource availability (Dos Santos
Ferreira et al. 2023).

The phenological cycle of plant species is
closely connected to climatic patterns (Marques
et al. 2004) and appears to respond rapidly to
the environmental changes observed in recent
decades (Menzel et al. 2020). Thus, interest in
studying these patterns has increased in recent
years due to the use of phenology as a tool to
assess and address the environmental impacts
caused by global climate change (Park et al. 2023)
a shift that may have significant and widespread
ecological consequences. Of particular concern
are tropical biomes, which represent the most
biodiverse and imperilled regions of the world.
However, compared to temperate floras, we know
little about phenological responses of tropical
plants because long-term observational datasets
from the tropics are sparse. Herbarium specimens
have greatly increased our phenological knowledge
in temperate regions, but similar data have been
underutilized in the tropics and their suitability for
this purpose has not been broadly validated. Here,
we compare phenological estimates derived from
field observational data (i.e. plot surveys. However,
the relationships between phenophases and
climatic variables are not uniform across biomes.
In temperate regions, phenological events such as
leaf-out, flowering, and fruiting are often tightly
linked to temperature and photoperiod, whereas in
tropical regions, these events are more commonly
influenced by rainfall patterns and inter-annual
climatic variability (Wright & Calder6n 2006,
Chapman et al. 2018). Additionally, phenological
strategies vary among plants with different habits
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and life forms—for instance, herbaceous species,
lianas, and canopy trees may exhibit distinct
phenological responses even within the same
environment (Borchert et al. 2005). Moreover,
phylogenetic history can shape phenological
behavior, as closely related species often share
similar responses to environmental cues, reflecting
evolutionary constraints and adaptations (Davies et
al. 2013). Understanding these diverse phenological
strategies is essential for predicting ecosystem
responses to climate change across different
ecological and evolutionary contexts.

Plant communities in tropical and subtropical
ecosystems tend to exhibit highly diverse (Sakai
& Kitajima 2019) and complex (Newstrom et al.
1994) phenological patterns. Although knowledge
about the phenology of tropical plant communities
has increased in recent years (Ssali & Sheil 2023,
Bezerra-Silva et al. 2024), much progress has been
driven by the adoption of new technologies and
data collection methods, such as special cameras,
satellite imagery, and more advanced software
(Gray & Ewers 2021). Despite these advances,
many gaps in our understanding remain (Davis
et al. 2022a). Importantly, these technological
developments have enabled more continuous,
large-scale, and high-resolution monitoring of
phenological events, allowing researchers to detect
subtle changes in timing and patterns that were
previously unobservable (Gong et al. 2024). This has
improved predictions of ecosystem responses to
climate change and facilitated better conservation
strategies in tropical regions (Gao & Zhang 2021).

Phenological studies in tropical ecosystems
face challenges due to high biodiversity, complex
structures, and remote locations. These factors
complicate species monitoring, while microclimatic
variations demand detailed spatial and temporal
data (Blonder et al. 2018). Additionally, long-term
research on climate change responses requires
sustained funding, making these studies more
difficult than those in temperate regions, where
research dates back to the 17th century (Abernethy
et al. 2018). Among these tropical ecosystems are
the Restingas, floristically complex ecosystems
established on Brazil’s coastal plain. They have
historically been among the most degraded in the
country and are still under intense human pressure.

In these environments, Myrtaceae stands out for
itsrichness, abundance, and ecological importance



(Melo etal. 2023). This family, which includes genera
such as Psidium, Eugenia, and Myrcia, is often
dominant in Restinga forests and plays a central
role in structuring plant communities. Myrtaceae
species provide year-round resources such as
nectar, pollen, and fleshy fruits, making them vital
to a wide array of frugivores and pollinators. They
are particularly important for pollinator species
and dispersers, notably birds (Caselli & Setz 2011)
and primates (Canale et al. 2016), and contribute to
ecosystem connectivity and regeneration.

In Northeastern Brazil, the Restinga ecosystems
of the state of Sergipe have been extensively studied
over the past decade, with advances in knowledge
of their plant (E. V. S. Oliveira & Landim 2014, dos
Santos-Neto et al. 2024) and animal communities
(Bezerra & Bocchiglieri 2021). However, the lack
of knowledge about the phenological patterns of
Restingasin Sergipe is still pronounced (dos Santos-
Neto et al. 2018). In this context, given the scarcity
of studies and the need to expand knowledge about
the phenology of Restinga species, this study aims
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to describe the phenological cycle of a Myrtaceae
species with a restricted spatial distribution,
apparently limited to the northern coast of Sergipe,
Myrcia ovina Proenca & Landim, and to assess how
the species’ phenology is related to environmental
factors. We hypothesize that Myrcia ovina has
seasonal reproductive phenology associated with
climatic variables such as rainfall and temperature,
particularly flowering during the dry season and
fruiting at the onset of the rainy season, as observed
in other Myrtaceae species in coastal ecosystems
(Bencke & Morellato 2002, Marques & Oliveira 2004a).

MATERIAL AND METHODS
Study Area
This study was conducted in the Restinga area
of Lagoa Redonda village, Pirambu, on Sergipe’s

northern coast (Figure 1). The regional climate is
tropical with a dry summer (As) sensu Képpen-
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Figure 1. Location of Dona Benta e Seu Caboclo Private Natural Heritage Reserve (RPPN) on the northern

coast of the state of Sergipe, Brazil.
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Geiger classification (Alvares et al. 2013), with an
average annual temperature of 25.5°C and 1,073
mm of annual precipitation (Souza et al. 2001). The
rainy season lasts from March to August, and the dry
season lasts from September to February (Oliveira
et al. 2015). The area lies within the Coastal Plain
and Coastal Plateaus, featuring podzolic soils and
part of the Atlantic East Watershed and Japaratuba
River Basin.

Data collection was carried out at the Private
Natural Heritage Reserve (RPPN) Dona Benta e Seu
Caboclo (Figure 2). This protected area, a sustainable
use conservation unit under the National System of
Conservation Units (Law No. 9.985 of 18 July 2000),
was established by ordinance No. 71 on August 27,
2010, by the Chico Mendes Institute for Biodiversity
Conservation (ICMBio). It covers 23.6 hectares
within the Cordeiro de Jesus Farm (97.1 hectares)
and is a poorly known protected area.

Studied Species

Myrcia ovina (Figure 3), a shrub of the Myrtaceae
family (Proenca et al. 2014), has berry-type fruit
with zoochoric dispersal (Oliveira & Landim 2020).
It typically grows 1-2 meters tall and occurs in the
Atlantic Forest domain and in rocky outcrops of
highland wetlands (Lima 2017, Alves et al. 2024). The
species produces small, white flowers arranged in
axillary inflorescences, which are likely pollinated
by generalist bees, as commonly observed in other
Myrciaspecies. Its fruits are fleshy, berry-type, and
dark-colored when mature, suggesting adaptation
for zoochoric dispersal, primarily by birds or small
mammals. The seeds are small and likely dispersed
through endozoochory. A distinctive feature is the
dense covering of white trichomes across all plant
organs, which is particularly prominent in younger
individuals. Due to its restricted distribution and
habitat encroachment, Myrcia ovinahas a suggested

Figure 2. Environments of the Dona Benta e Seu Caboclo Private Natural Heritage Reserve, state of
Sergipe, Brazil. a — shrub vegetation on sandy soils, b — open shrubland, c — temporary freshwater lagoon,
d - dune formation with surrounding vegetation. Author: Amadeu M. Santos-Neto
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Figure 3. Details of the reproductive and vegetative features of Myrcia ovina Proenca & Landim in the
Restingas of the municipality of Pirambu, north coast of Sergipe, Brazil. a - floral buds, b — inflorescences
at the beginning of anthesis, ¢ — flowers in anthesis, d — branch with leaves and inflorescences. Author:

Amadeu M. Santos-Neto.

classification of Critically Endangered (Lima 2017,
IUCN 2018).

Field Sampling

This study began in October 2017 with the selection
and georeferencing of 23 individuals of Myrcia
ovinaProenca & Landim. Over the course of a year
(ending in September 2018), data were collected
monthly on six predefined phenophases: i. leaf
emergence, ii. leaf shedding, iii. bud sprouting, iv.
flowering, v.immature fruits, and vi. mature fruits
(Bencke & Morellato 2002).

Two phenological assessment methods were
used: (i) Fournier’s Intensity Index — FI (Table
1), and (ii) the Phenological Activity Index — Al
(Fournier 1974, Bencke & Morellato 2002). For each
individual, six phenophases were recorded and the
phenophases intensities were estimated visually.
These observations formed the basis for both the

Fland Al calculations. Observations were made in
the field using binoculars when necessary, and each
sampling session occurred within a consistent time
window to minimize variation caused by daily or
weather-related changes.

FI is considered the most suitable method
for phenological studies involving one or a few
species, as it provides more refined results,
such as identifying peak periods of phenophase
intensity within populations (San Martin-Gajardo
& Morellato 2003). To avoid discrepancies, data
collection was conducted by the same researcher
throughout the study. The Activity Index (Al),
which is based solely on the presence or absence
of phenophases, provides an objective measure
of a population’s synchronization level (Bencke
& Morellato 2002). To classify the flowering and
fruiting frequency patterns of the Myrcia ovina
population, the system of Newstrom et al. (1994) was
used, which identifies four classes: “continuous”,
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Table 1. Results of the Spearman correlation between BS = “Buds Sprouting”, FL = “Flowering”, IF =
“Immature Fruits”, MF = “Mature Fruits”, LE = “Leaf Emergence” and LF = “Leaf Shedding” with the
environmental variables of precipitation: current, historical average, #1 (previous month), #2 (previous
two months), #3 (previous three months), #4 (previous four months), temperature: tMin (minimum),
tMean (average) and tMax (maximum) and photoperiod. “*” <0.05, “**” <0.001.

Rainfall Day length Temperature

Current Historical #1 #2 #4 DL tMin  tAve tMax
LE -0.50 -0.5 -0.1 0.18 0.24 0.22 0.09 0.11 0.14
LS 0.12 0.02 -0.04 -045 -044 -0.30 -0.1 0.09 -0.06 -0.02
BS -0.63* 0.00 -0.1 -0.6 076  0.74** 0.51 0.11 0.32 0.32
FL -0.71** -0.70**  -0.63* -0.2 0.36 0.70* 0.65*  0.69* 0.63*
IF -0.57* 0.80** -0.71*  -0.5 -0.10 0.31 0.82** 0.83** 0.86** 0.85**
MF 0.49 0.25 -0.20  -0.75** -0.91** -0.73** -0.20 0.31 0.05 0.04

“sub-annual”, “annual”, and “supra-annual.”.
Abiotic variable data were obtained from three
sources: (1) temperature (minimum, average, and
maximum) data were sourced from the Northeast
Real-Time Climate Monitoring Program (http://
proclima.cptec.inpe.br/), which is managed by the
Brazilian Superintendence for the Development
of the Northeast and the Ministry of National
Integration; (2) daily precipitation data for Pirambu
were collected from the “Agritempo” platform
(https://www.agritempo.gov.br/agritempo/
index.jsp), which is maintained by the Brazilian
Agricultural Research Corporation; and (3)
photoperiod was calculated using the “Geosphere”
package in R (Hijmans 2018).

Data Analysis

The flowering pattern was classified based on
Gentry (1974), who identified four types for bee-
pollinated plants: “steady-state”, “cornucopia”, “big-
bang”, and “multiple-bang”. Steady-state species
produce a few flowers daily over long periods.
Cornucopia plants flower heavily for several
weeks, attracting a wide range of bee species. Big-
bang plants bloom all at once in a short period,
depending on opportunistic pollinators. Multiple
bang species flower in several brief, synchronized
bursts throughout the year (Gentry 1974).

The Shapiro-Wilk test was used to assess the
normality of the data distribution (San Martin-
Gajardo & Morellato 2003). When detecting non-
normality in the data, Spearman’s rank correlation
coefficient (rho) was used. Data on the intensity
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of phenophases and the number of individuals
showing the phenophases simultaneously were
correlated with accumulated precipitation [i. the
same month, ii. the previous month, iii. two months
prior, iv. three months prior, v. four months prior, and
vi. the historical average], as well as with minimum,
maximum, and mean temperature, and day length.

As previously described, we employed two
phenological indices, the Fournier Index and
the Activity Index, to quantify the monthly
phenological patterns for each phenophase.
Because the two indices were highly correlated
across all phenophases (rho = 0.67 to 0.99), we
selected the Activity Index for circular statistical
analyses to avoid redundant transformation.
For these analyses, individual observation dates
(i.e., the dates on which phenophase activity
was recorded) were converted into day-of-year
values (1-365) and then into angles in degrees
(1 day = 0.9836°) following Morellato et al. (2010).
Circular statistics were applied separately for
each phenophase and species, using the dates of
observed activity (i.e., the presence of individuals
showing the phenophase) as the circular data
points. From these, we calculated the mean vector
direction (p), mean vector length (R), circular
standard deviation, and the Rayleigh test statistic
(z) and its associated p-value. Values of R > 0.5
indicate that observations are concentrated around
a specific time of year (i.e., strong seasonality),
whereas R < 0.5 suggests greater temporal
dispersion. All statistical analyses were conducted
in R using the “Circular” package (R Development
Core Team 2022; Lund et al. 2024).
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RESULTS 2.242, p > 0.05), with no clear intensity peak, and

the lowest intensity was recorded in May (Figure 4).

Leaf Emergence and Leaf Shedding The mean angle for leaf shedding was 109.484°
(£158.616°, 111th day of the year, April 21st), with

The mean angle for leaf emergence was 333.476° a mean vector r of 0.022. Like leaf emergence,

(£120.865°, 339th day of the year/ December leaf shedding was also continuous (Z = 0.123, p >
5th), with a mean vector r of 0.108. The average 0.05). The peak in leaf shedding was observed in

intensity was 20.58 (+6.53), and the mean number August, and the lowest intensity was recorded in
ofindividuals exhibiting this phenophase monthly November (Figure 4). On average, the intensity of
was 16 (£4.22). This event was continuous (Z = this phenophase was 38 (+6.12), with approximately
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Figure 4. Phenophases of Leaf Growth and Defoliation of the species Myrcia ovina along the year, based
on two phenological indices, the “Activity Index” and the “Fournier Intensity Index” at Dona Benta e Seu
Caboclo Private Natural Heritage Reserve, state of Sergipe, Brazil.
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Figure 5. Phenophases of Buds sprouting and Flowering species Myrcia ovina along the year, based on
two phenological indices, the “Activity Index” and the “Fournier Intensity Index” at Dona Benta e Seu
Caboclo Private Natural Heritage Reserve, state of Sergipe, Brazil.

22 (x1.50) individuals observed showing this
phenophase monthly.

Bud Sprouting and Flowering

The mean angle for flower bud production was
337.721° (+47.448° 343rd day of the year/ December
9th), with a mean vector r of 0.71. This event
spanned six months, starting in August and ending
in January, with its peak in November (Figure 5).
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Flower buds were also observed in April and June,
but only in a single individual at low intensity. This
phenophase was seasonal (Z = 35.258, p < 0.001).
The flowering of the studied population of Myrcia
ovina can be classified as ‘cornucopia’, with the
production of a considerable number of flowers
over more than eight weeks.

Flowering was a seasonal event (Z = 22.725, p
<0.001). The mean angle for flowering was 7.181°
(£34.994°, 7th day of the year/January 7th), with a
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Figure 6. Phenophases of Immature Fruits and Mature Fruits of Myrcia ovina along the year, based on
two phenological indices, the “Activity Index” and the “Fournier Intensity Index” at Dona Benta e Seu
Caboclo Private Natural Heritage Reserve, state of Sergipe, Brazil.

mean vector r of 0.83. The flowering period lasted
three months, starting in November, peaking in
December, and ending in January (Figure 5). Like
flower bud sprouting, flowers were also observed
in other months throughout the year, but at low
intensity.

Immature and Mature Fruits

The occurrence of immature fruits was also
seasonal (Z = 16.561, p < 0.001). The mean angle

for immature fruits was 31.799° (£27.922°, 32nd
day of the year/February 1st), with a mean vector
r of 0.888. These fruits were observed over a four-
month period, startingin November and ending in
February, peaking in January (Figure 6).

The mature fruit phenophase also showed a
seasonal pattern (Z = 36.661, p < 0.001). The mean
angle for mature fruits was 87.371° (+45.563°, 88th
day of the year/March 29th), with a mean vector r
of 0.729. Mature fruits were observed over a seven-
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month period, from January to June, with a peakin
March (Figure 6).

Relationship of the phenophases with the
Climate variables

No correlation was observed between leaf growth
and the climatic variables analyzed: precipitation,
daylength and temperature (tMin, tAve and tMax)
(Table 1). Bud sprouting was inversely correlated
with the precipitation of the current month and
positively correlated with prior precipitation with
a time lag of three and four months (Table 1). The
pattern of flower exposure was negatively correlated
with the precipitation of the current month, the
previous month, and the historical average, and
positively correlated with day length and minimum,
average, and maximum temperatures (Table 1).

DISCUSSION

In general, Myrcia ovina can be considered an
evergreen species, as it does not exhibit a period
of intense (or complete) leaf shedding and leaf
emergence can be observed throughout the year.
This pattern has also been observed in other
Myrtaceae species, such as Myrcia insularis Gardn,
Myrcia multiflora (Berg) Legrand, and Psidium
cattleianum Sabine in a Restinga in southern
Brazil (Morellato et al. 1989). However, based on
other studies in Brazilian Restingas, this does not
appear to be the most common pattern observed
in Myrtaceae species (Marchioretto et al. 2007).
Species with continuous sprouting also seem to be
rare (Machado 2018) in the Atlantic Forest of Sergipe,
where the pattern of leaf emergence throughout
the year has been detected in only a few species,
such as Tapirira guianensis Aubl (Santos & Ferreira
2013). The continuous leaf shedding by Restinga
plant species plays an important ecological role
in maintaining soil fertility under the typically
oligotrophic conditions of these ecosystems (Pires
et al. 20064, L. da S. Brito et al. 2018, Camara et al.
2018). Additionally, species established in Restingas
are affected by nutrient deficiencies in the soil and
salt spray, making leaf renewal necessary (Pires
et al. 2006b). Thus, the continuous production of
leaves should ensure the constant maintenance of
photosynthetic rates (Pires et al. 2006b).

Oecol. Aust. 30(1): 17-34, 2026

Myrcia ovina exhibits an annual flowering
pattern, with no observed second reproductive
cycle within the 12-month study period. This
suggests a single, yearly reproductive event, which
is consistent with patterns frequently documented
in the Myrtaceae family and common in Restinga
ecosystems (Marques & Oliveira 2004a, Covre
& Guerra 2016), as well as in other ecologically
important families in these environments, such as
Melastomataceae (F. D. S. Oliveira et al. 2016, V. L.
G. Brito et al. 2017) and Rubiaceae (Andrade et al.
2020). However, since this conclusion is based on
a one-year sampling period, our ability to detect
interannual variability or irregular flowering
events is limited. Environmental factors such
as temperature and rainfall may also influence
flowering time. Therefore, a longer sampling period
would enhance our understanding of the long-term
reproductive phenology of this species.

Bud sprouting and flowering were seasonal
events that predominantly occurred during the dry
season and atrelatively high temperatures, up to the
beginning of the rainy season, when temperatures
start to decrease, with few individuals blooming
beyond this period. This is a common pattern
in native species of Restingas (de Medeiros et al.
2007) and is more pronounced in canopy species
(Marques & Oliveira 2004b), although flowering
in the rainy season is also found in some Restinga
communities (I. C. S. Machado et al. 1997, Aratjo
Rodarte et al. 2022) and is common in some other
communities (Ferreira et al. 2024). Flowering
during the dry season was early recognized as one
of the dominant patterns in Myrtaceae (Lughadha
& Proenca 1996), being described for species such
as Myrcia splendens (Sw.) DC. in the Restingas
of state of Ceara, Northeast Brazil (Cunha et
al. 2016), and is also present in other important
families of the Restinga flora, such as Sapotaceae
(Gomes et al. 2008) and Arecaceae (Mendes et
al. 2016). In contrast, Myrcia ilheosensis Kiaersk,
Myrcia loranthifolia (DC.) G.P. Burton & E. Lucas
and Myrcia vittoriana Kiaersk flowered at similar
times but when the climate was warmer and wetter
(Medeiros & Haiad 2022). In an ecological context,
this flowering pattern may represent an efficient
strategy to avoid the peaks of floral herbivory
observed during the rainy season (Rathcke &
Lacey 1985). In the Restinga ecosystems of Sergipe
and Cear4 states, in Northeast Brazil, the rainy



season typically occurs between April and July
and is characterized by high humidity and dense
vegetative growth. Our phenological data show
that Myrcia ovina tends to flower primarily during
the dry and warm seasons, with reduced flowering
activity during peak rainfall months. By flowering
atthe margins of the rainy season, Myrcia ovinamay
reduce exposure to florivores, whose abundance
and activity increase under wetter conditions (Aide
1992). Additionally, flowering outside the rainiest
months may help avoid damage to floral structures
and reduce pollen viability caused by high humidity
and direct rain impact (Galen 2005).

Interestingly, this seasonal flowering pattern
contrasts with observations in Southeastern Brazil
(e.g., Sao Paulo and Rio de Janeiro), where Myrcia
species tend to flower during periods that are both
warmer and wetter, typically aligning with the
summer rainy season. This regional variation raises
the question of whether flowering in Myrtaceae
is more strongly influenced by temperature (i.e.,
summer) or by seasonal rainfall patterns. In
Southeast Brazil, flowering seems to coincide with
higher temperatures and abundant moisture,
whereas in Northeast Brazil, Myrcia ovina appears
to respond more to dry and warm conditions.
These patterns suggest that different species or
populations of Myrtaceae may adopt distinct
phenological strategies depending on local climatic
regimes, possibly balancing factors such as pollinator
availability, floral herbivory, and abiotic stressors.

From a competition perspective, variability
in flowering patterns, such as species flowering
during the dry season, can reduce interspecific
competition for pollinators, minimize pollen loss,
prevent the clogging of stigmas with heterospecific
pollen, and even lower the risk of forming infertile
hybrids. This strategy may be especially important
in ecosystems with high Myrtaceae species
richness, such as the Restingas of Northeastern
Brazil, where species often share similar floral
morphology and pollination systems (Vasconcelos
et al. 2019) and several are known to hybridize
(Ebbehoj & Thomsen 1991). Our data show that
Myrcia ovina follows a distinct phenological
pattern in this context, flowering predominantly
during the dry and warm seasons, whereas many
other Myrtaceae in the same habitats flower
during wetter periods (personal observation). This
asynchrony likely functions as a temporal niche
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differentiation mechanism, reducing overlap with
closely related species and lessening interspecific
reproductive interference. This interpretation is
supported by the negative correlation we found
between bud and flower production and monthly
precipitation. Importantly, from the perspective of
pollinator availability, M. ovina does not appear to
face challenges during the dry season, as bees —
the primary pollinators for Myrtaceae — remain
abundant year-round and may even increase in
number during dry periods (Kamke et al. 2011).
In contrast, in Southeastern Brazil, where climate
regimes and community compositions differ, many
Mpyrcia species and other Myrtaceae flower during
the warm and rainy seasons — a period of high
pollinator activity but also greater competition.
Thus, the dry season flowering of M. ovina may
be understood as an adaptive strategy that helps
avoid both abiotic constraints (e.g., rainfall damage)
and biotic pressures (e.g., pollinator competition
and hybridization risk). A correlation was observed
between bud sprouting and precipitation in the
previous months. This may represent an effect of
past precipitation on the bud sprouting, stemming
from that period of greater resource availability.
For example, the additional moisture provided
by precipitation can increase the bioavailability
of nutrients in the soil (Comerford 2005), such as
potassium, calcium, and magnesium (Scheer 2011),
which play important roles in floral development
(Loka et al. 2019). Rainfall is a well-known inducer
of reproductive phenology in tropical plants.
Studies have associated increased soil moisture
with the production of buds and flowers (Opler et al.
1976). This increase in water availability for plants
in the upper layers of the soil (Antunes et al. 2019)
requires less energy to capture this resource, which
could represent an advantage during reproductive
periods, as a constant influx of water is necessary to
prevent the abortion of these flowers (Galen 2005).
However, in Restinga environments, such as
those in Sergipe and other parts of coastal Northeast
Brazil, the soils are typically sandy, nutrient-poor,
and highly permeable (Scarano 2002), resulting in
rapid drainage and reduced water retention. These
characteristics may weaken or alter the relationship
between rainfall and reproductive activity, which
is commonly observed in more mesic tropical
ecosystems. In such substrates, only species that
can rapidly exploit short-term increases in soil
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moisture or that possess physiological adaptations
to drought may successfully initiate reproduction
during or after rain events (Lourenco et al. 2021).
Thus, while rainfall may still act as a phenological
cue in Restinga vegetation, its effect is likely more
transient, species-specific, and mediated by
edaphic conditions.

Environmental cues such as photoperiod and
temperature also play key roles in shaping flowering
patterns. Photoperiod influences flowering
by breaking dormancy and promoting bud
development (Opler et al. 1976). Although changes
in day length are well-documented as triggers in
South and Southeast Brazil (e.g., Araucaria Forest;
Marques et al. 2004), recent studies have shown that
even in tropical regions with minimal day length
variation, slight changes can strongly affect plant
reproduction (Davis et al. 2022b). Recognizing
photoperiod as a driver of phenological variation
highlights its importance in enabling plants
to partition niches in space and time, thereby
optimizing resource use (Jordan 2006). In parallel,
flowering is strongly correlated with temperature:
relatively high temperatures increase plant
metabolism, photosynthesis, and nutrient uptake,
providing the energy and resources necessary for
reproduction — a response particularly evident in
woody plants (Capovilla et al. 2015, Li et al. 2016,
Fonseca et al. 2024).

Immature fruits occurred at the end of the dry
season, and mature fruits extended into the early
months of the rainy season, a reproductive pattern
common in the Atlantic Forest (Dalponte & Lima
1999). Fruiting events are often seasonal, and this
is the most common pattern in the genus Myrcia
and is likely the most widespread in the Myrtaceae
family (Marques & Oliveira 2004b, Marchioretto et
al. 2007). Clearly, even among Myrtaceae species,
there is great diversity in strategies and species
interactions with environmental conditions, as
shown by Staggemeier et al. (2007), who identified
species that fruit at different times of the year in the
Atlantic Forest of Cardoso Island, state of Sao Paulo.

During the rainy season, fruits and seeds
are more abundant and nutritionally richer
(Worman & Chapman 2005). While competition
for bird dispersers may increase during the rainy
season, Myrtaceae species have morphological
and chemical traits that increase attraction
and dispersal chances, for example, the fruits of
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Moyrcia ovina are typically orange and red during
the early and middle stages of maturation and
then return to the late stages. Additionally, some
species possess complex chemical compositions—
including carbohydrates, lipids, proteins, minerals,
and vitamins—that likely influence bird fruit
preferences (Stiles 1993).

Recent precipitation correlations suggest that
excessive rainfall may hinder fruit maturation, as
high moisture can promote fungal diseases and
waterlogged soils, stress plants and affect mature
fruit production (Tyagi et al. 2024). Conversely,
the strong positive correlation with historical
precipitation indicates that consistent moisture
levels benefit plant health and productivity,
increasing the likelihood of fruit maturation
(Gorton et al. 2019). Temperature is another critical
factor influencing fruiting. Higher temperatures
can accelerate growth and maturation processes in
fruit-bearing plants (Reddy et al. 1991). A research
reported that distinct changes in air temperature
can lead to clear responses in plant phenology,
including the timing of fruit maturation (Kimura
etal. 2009).

Reproductive cycles can also be correlated with
soil nutrient availability (Scheer 2011), as the rainy
season enhances seed germination and seedling
survival (Garwood 1983)Panama, was studied at
the community level to (1. However, ornithochoric
species may encounter disperser limitations due
to changing bird compositions, with insectivorous
species outnumbering frugivores. This shift can
hinder reproductive success by reducing effective
seed dispersal rates, creating a temporal mismatch
between fruiting and frugivorous bird availability
(Almeida et al. 2023).

In conclusion, Myrcia ovina exhibits unique
ecological and reproductive strategies adapted to the
challenging conditions of the Restinga ecosystem.
Its evergreen nature facilitates continuous
photosynthesis in nutrient-poor soils, increasing
resilience. The species flowers annually during the
dry season to avoid herbivory and coincide with
pollinator availability. Its fruiting pattern, which
extends into the early rainy season, maximizes
seed dispersal despite competition, although
excessive rainfall can hinder fruit maturation.
This study underscores the influence of climatic
factors and ecological interactions on reproductive
strategies, offering vital insights for conservation



efforts in critically endangered Restinga habitats.
Understanding these relationships is essential for
informing conservation policies amidst increasing
anthropogenic pressures, ensuring the persistence
of biodiversity and ecosystem services.
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