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Abstract

The buriti, Mauritia flexuosa, is the most common palm in Brazil, where it has considerable ecological and economic
importance. However, few data are available on the phenology of the species, mainly in coastal restinga ecosystems.
The present study monitored the reproductive phenology of M. flexuosa in the restinga of Barreirinhas, in the Brazilian
Northeast, and investigated the relationship between phenophases and climatic variables. The presence/absence of
flowers and fruits was recorded monthly in 25 individuals of each sex between August, 2009, and October, 2012. There
was no difference in the phenology of male and female specimens, with flowering and fruiting occurring exclusively
in the dry season. We believe that the specific abiotic characteristics of the study environment, such as the intense
sunlight and availability of water in the soil, contribute to the reproductive success of M. flexuosa in the dry season,
with consequent germination and establishment of seedlings occurring during the subsequent rainy season.
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Fenologia reprodutiva de Mauritia flexuosa L. (Arecaceae)
em ambiente de Restinga no Nordeste do Brasil

Resumo

Popularmente conhecido como buriti, Mauritia flexuosa ¢ a palmeira mais abundante no Brasil, com grande importancia
ecologica e econdmica, porém ainda sdo poucos os estudos sobre a sua fenologia, ndo existindo nenhum em ambiente
de Restinga. O presente trabalho teve como objetivo estudar a fenologia reprodutiva de M. flexuosa na Restinga
de Barreirinhas, no Nordeste do Brasil, verificando como as fenofases se correlacionam com os fatores climaticos.
Foram acompanhados mensalmente 25 individuos de cada sexo, de agosto/2009 a outubro/2012, verificando a
presenga/auséncia de floragdo e frutificagdo. Nao houve diferenca no padrdo fenoldgico entre individuos femininos
e masculinos de M. flexuosa, com floragao e queda dos frutos exclusivamente na estacdo seca. Acreditamos que as
caracteristicas abidticas especificas do ambiente estudado, como a forte incidéncia solar ¢ a disponibilidade de agua
no solo, contribuiram para o sucesso reprodutivo de M. flexuosa na estagdo seca, com consequente germinagao e
estabelecimento de plantulas no periodo chuvoso.

Palavras-chave: buriti, ecologia, Maranhao, palmeira.

1. Introduction

Palms (Arecaceae) are a prominent component of most
tropical ecosystems (Henderson et al., 1995), in which
fruits constitute an important feeding resource for the
local fauna (Peres, 1994; Galetti et al., 1999). In addition
they are relevant to human populations, for which palms
supply building material, foodstuffs, and ornamental
plants (Silva and Andrade, 2005; Zambrana et al., 2007;
Nascimento et al., 2010). Given their ecological and
economic role, a number of studies in Brazil have focused

Braz. J. Biol., 2017, vol. 77, no. 1, pp. 29-37

on the phenological patterns of palm species and the factors
that influence these processes in the last decade (Calvi and
Pina-Rodrigues, 2005; Piedade et al., 2006; Castro et al.,
2007; Genini et al., 2009; Fava et al., 2011; Freire et al.,
2013; Khorsand Rosa et al., 2013, 2014; Silva and Scariot,
2013; Guilherme et al., 2015).

Patterns of reproductive phenology may be influenced
by a series of abiotic and biotic factors, such as rainfall,
temperature, and day length (Van Schaik, 1986; Morellato et al.,
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2000), the mode of dispersal (Wheelwright, 1985), and the
activity of pollinators and seed dispersers (Rathcke and
Lacey, 1985). Although climatic seasonality is probably
the most important in the majority of cases (Wright and
Van Schaik, 1994; Rivera and Borchert, 2001; Ruiz and
Alencar, 2004). In tropical environments, especially where
seasonal variation in rainfall is pronounced, the dry season
typically determines phenological patterns, limiting plant
growth and reproduction during this period (Reich and
Borchert, 1984; Morellato et al., 1989).

In the specific case of palms, a number of studies have
shown that flowering in tropical species is concentrated
in one season, whereas non-tropical species may be
observed flowering throughout the year (Steven et al.,
1987; Ibarra-Manriquez, 1992). Considering a given species
or genus, however, individual palms tend to flower only
during a specific climatic season, with phenology being
related primarily to pollinator abundance. Three distinct
Neotropical groups can be defined here (Henderson et al.,
2000) - palms pollinated by weevils (Curculionidae),
with a short, highly synchronized flowering period (e.g.,
Astrocaryum G. Mey., Attalea Kunth, Bactris G. Mey., and
Socratea H. Karst.), palms pollinated by bees or flies, with
along, less synchronized period of flowering (e.g., Euterpe
Mart., Geonoma Willd., and Hyospathe Mart.), and palms
pollinated by beetles, with intermediate characteristics
between those of the first two groups (e.g., Oenocarpus
Mart. and Syagrus Mart.).

The buriti, Mauritia flexuosa L., is the most common
palm species found in Brazil, observed in dense, monospecific
stands (known locally as buritizais) primarily on flooded
terrains adjacent to streams and rivers (Araujo et al., 2004).
The species has considerable economic and ecological
importance (Resende et al., 2012), and some data are available
on the reproductive phenology of the species, although
most studies have focused on Amazonian populations.
In the Brazilian state of Amazonas, Storti (1993) recorded
flowering at the end of the rainy season (April-August),
whereas in the state of Roraima, in the northern Amazon
basin, Khorsand Rosa et al. (2013) observed flowering
between August and November, which represents the
rainy-dry season transition period in this region. In a study
of eight palm species in Bolivia, Cabrera and Wallace
(2007) also recorded a peak of flowering in M. flexuosa
during the rainy season. In Colombia, Nufez Avellaneda
and Carrefio Barrera (2013) observed peak of flowering
between June and September, which represents also the
rainy-dry season, but the flowers are present at any time
of the year, with consequent presence of fruits throughout
the year. The production of fruit may occur between eight
and twelve months (Storti, 1993; Khorsand Rosa et al.,
2013), with the fruits maturing during the rainy season
(Peres, 1994; Calderon, 2002; Khorsand Rosa et al., 2013).

Restingas are coastal habitats located on sandy
deposits (Cerqueira, 2000), formed by plant communities
tolerant of marine and/or fluvial-marine influences
(Sugiyama, 1998), with considerable variation in habitat
characteristics, depending on the region in which they
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are found (Lacerda et al., 1984). Few ecological studies
have focused on species of Arecaceae in restinga systems
(Rosacetal., 1998; Menezes and Aratjo, 2000, 2004; Reis,
2006), especially in the Brazilian Northeast. This is the first
study of the reproductive phenology of M. flexuosa in this
type of habitat. This long-term (four years) study evaluated
three main questions: what is the phenological pattern of
M. flexuosa in the restinga? Is there a difference between
staminate and pistillate individuals? What environmental
factors affect the phenology of M. flexuosa in the study area?

2. Material and Methods
2.1. Study area

The present study was conducted on a private property
in the Brazilian Northeast, Fazenda Buriti (2°43°07.23” S,
42° 49’ 44.52” W), in the municipality of Barreirinhas, in
the state of Maranhdo (Figure 1). This ranch is located in
the village of Cantinho, within the area of influence of the
Lencgdis Maranhenses National Park, the vegetation can
be characterized as natural primary systems composed
of pioneer communities, in particular restingas (89.4%),
a type of coastal vegetation generally associated with
dune fields, saltwater mangroves (10.2%), and freshwater
gallery forests (0.4%) (IBAMA, 2002).

The study population is a buritizal located in an area of
low restinga forest (sensu Brasil, 1996), which has a sandy
substrate and a shallow water table, which frequently leads
to the formation of small temporary lakes (Figure 1). During
the rainy season, this results in the flooding of the buriti
stand, while the soil remains humid during the dry season.

The climate of the Barreirinhas region is tropical
megathermic, consistent with Kdppen’s Aw’ type, with
annual precipitation of approximately 2000 mm and two
well-defined seasons, a rainy season between January
and June, and a dry season, between July and December
(Figure 2). Mean annual temperatures are between 24 °C
and 34 °C (INMET, 2012).

2.2. Data collection

Phenological monitoring was conducted on a monthly
basis between August, 2009, and October, 2012. A total
of 25 staminate and 25 pistillate individuals were selected
and marked along a trail of approximately 1 km in length.
These specimens were selected based on three specific
criteria: (i) adult specimens in reproductive condition,
(ii) visibility of the crown adequate for the systematic
observation of the phenophases, and (iii) a minimum
distance of 20 m between specimens (Castro et al., 2007).
The flowering (open flowers) and fruiting (mature and
immature) phenophases were recorded using a pair of
binoculars, with the presence or absence of each phase
being recorded on a field checklist.

Flowering patterns were analyzed on individual and
population levels, and described in terms of their frequency
(number of cycles per year) and duration, i.e., the number
of months (Newstrom et al., 1994). The synchronization
of the phenophases was evaluated based on the proportion
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Barreirinhas

Figure 1. Location of the study area in the municipality of Barreirinhas, Maranhao (Brazil), showing the Lenc¢6is Maranhenses

National Park (LMNP).

of individuals presenting the same phenophase during a
given period (Bencke and Morellato, 2002). Based on this,
the phenological event was classified as non-synchronic
or asynchronic when no more than 20% of the individuals
presented the same phenophase, low synchrony when
21-60% of the individuals presented the same phenophase,
and high synchrony when more than 60% of the individuals
were in the same phase (Bencke and Morellato, 2002).
Comparisons among years were based on the production of
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male and female reproductive structures in 20 individuals
(10 pistillate and 10 staminate), based on the mean number
of inflorescences per individual, and the mean number of
rachilles, spikelets, and flowers per inflorescence.
Climatic data (mean, minimum and maximum
temperatures, relative humidity, rainfall, and solar radiation)
were obtained from the National Meteorological Institute’s
(INMET) Chapadinha meteorological station (n°® 82,382).
These potential influence of these variables on the phenology
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Figure 2. Climatic data and reproductive phenology of Mauritia flexuosa between August, 2009, and October, 2012, in
Barreirinhas, Maranhdo (Brazil): (a) mean monthly temperature and precipitation; (b) percentage of staminate individuals
with open flowers; (c) percentage of pistillate individuals with open flowers and mature fruits. The shaded area represents
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of'the species was evaluated using Spearman’s correlation
coefficient (), based on the number of individuals presenting
each phenophase during a given month and the climatic
variables recorded during both the same month and the
preceding month (Marques et al., 2004).

3. Results

The study population of M. flexuosa flowered annually,
with a high degree of synchrony among individuals, which
present two different flowering strategies. The males produce
flowers annually, while the females flower annually or
every two years (super-annual). In both sexes, flowering
occurred only during the dry season, with the flowers
opening simultaneously in pistillate and staminate specimens.

While flowering occurred during the same period
(between August and November) in each year of the study,
some variation was recorded in the months, proportion of
individuals flowering, and the duration of the flowering
period (Figure 2). During the first year (2009), for example,
80% of the staminate and 48% of the pistillate individuals
flowered in September (peak flowering month) and October.
In the following year, flowering was only observed in July,
and there was a considerable reduction in the number of
individuals involved, with only 12% of the staminate and
4% of the pistillate individuals flowering. In the third year,
flowering was more intense, with 92% of the staminate and
84% of the pistillate individuals flowering between August
and November, with a peak in September. In the fourth
year, the proportion of individuals flowering decreased
again, to 36% (staminate) and 28% (pistillate) of the
population, occurring between August and October, with
a peak at the beginning of the latter month.

Fruiting was also synchronic, following a maturation
period of 11 to 12 months, with mature fruits becoming
available between August and December, that is, between
the middle of the dry season and the beginning of the rainy

season, with a peak in fruitfall in September (Figure 2).
Over the four years of the study period, 10 individuals
fruited in only one year, nine in two years, and six in three
years, while none of the specimens fruited in all four years.

The mean time period between the formation of an
inflorescence and the production of flowers was two to
three months in both sexes. Between the first and the fourth
years, a mean of four, three, five, and four inflorescences
were produced per individual, with a range of three to
11 (mean = 5.8+3.3) in the staminate specimens, and three
to nine (6.8+1.9) in the pistillate individuals. Staminate
palms produced a mean of 296,540 flowers, whereas
pistillate individuals formed a mean of 3474.

The Spearman correlation coefficients (Table 1) indicated
significant relationships with the climatic variables solar
radiation, relative humidity of the air, and precipitation,
recorded during both the current month and the preceding
month. Flowering was correlated positively with sunlight
(both months) and negatively with minimum temperature
(in the preceding month), relative humidity (both months),
and rainfall in the preceding month. By contrast, the
phenophase of the immature fruits did not correlate with
any climatic variable, whereas the presence of mature
fruit correlated significantly with all variables except the
mean and maximum temperatures of the preceding month.

4. Discussion

The restinga population of M. flexuosa presented an
annual flowering pattern, as observed in the Amazon basin by
Storti (1993) and Khorsand Rosa et al. (2013). The duration
of the flowering period (3-4 months) was intermediate,
however, similar to that recorded by Khorsand Rosa et al.
(2013), but shorter than the extended period of more than
six months observed by Storti (1993). There were also
differences in the mean number of reproductive structures
produced by the species in the different ecosystems, with

Table 1. Spearman correlation coefficients () recorded for the comparison of the phenophases of Mauritia flexuosa and the
climate data recorded in a restinga ecosystem in Barreirinhas, Maranhao (Brazil).

Variable Phenophase
Staminate flower Pistillate flower Immature fruit Mature fruit
TMax 0 0.30 0.39 0.07 0.55
TMax 1 0.21 0.21 0.56 0.22
TMea 0 0.25 0.31 0.04 0.49
TMea 1 0.17 0.17 0.00 0.16
TMin 0 -0.21 -0.30 0.01 —0.38
TMin 1 -0.39 -0.47 0.01 -0.53
RH 0 -0.33 -0.41 -0.05 —-0.61
RH1 -0.35 -0.40 -0.01 -0.41
Precip 0 -0.29 —-0.38 -0.07 -0.68
Precip 1 —0.44 —0.50 -0.07 —0.44
Sol 0 0.40 0.45 0.20 0.64
Sol 1 0.48 0.55 0.15 0.58

TMax = maximum temperature; TMea = mean temperature; TMin = minimum temperature; RH = relative humidity;
Precip = Precipitation; Sol = solar radiation; 0 = current month; 1 = preceding month. Values in bold type are significant (p < 0.05).
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5.8 (&) and 6.8 (Q) inflorescences being recorded per
individual in the present study, against 4.7 (&) and 4.8 (?)
in the Amazon basin, and 292,540 (J) and 3475 (Q)
flowers per individual, in contrast with 450,000 (3) and
3612 (9) in the Amazon. Due the fact that a phenological
event represents a physiological response to environmental
factors (Fenner, 1998), it seems likely that a range of
abiotic and/or biotic variables, characteristic of each
ecosystem, have differential effects on the production of
floral structures, and the phenological patterns of the same
species in different ecosystems.

According to Nufiez Avellaneda and Carrefio Barrera
(2013), patterns of flowering and fruiting of M. flexuosa
are highly variable and change depending on the locality,
and doesn’t know yet if this variation is due to local
environmental factors or is a consequence of the sampling
method. In areview of the phenological data available for
tropical plants, Van Schaik et al. (1993) demonstrated that
abiotic factors tend to have the most important influence
on phenological patterns. Solar radiation was identified as
the most common factor, due to its influence on light and
temperature, which influence primary production in plants
(Van Schaik et al., 1993; Wright and Van Schaik, 1994).
The phenophases of M. flexuosa correlated significantly with
solar radiation, during both the current and the preceding
months, indicating that this factor is of primary importance
for the species reproduction. The species produces both
flowers and fruits during the period of greatest solar
radiation, that is, when solar energy peaks. Some studies
have confirmed an increase in the frequency of flowering
during periods of greater luminosity (Newstrom et al.,
1994; Abrahamson, 1999), affecting palm species such as
Orbignia phalerata Mart. and Socratea exorrhiza (Mart.)
H. Wendl., which generally require high sunlight intensity
to initiate growth (Scariot et al., 1989). Cunningham
(1996) also observed that fruit production in the palm
Calyptrogyne ghiesbreghtiana (Linden & H. Wendl.) was
influenced by the size of the plant and the availability of
sunlight, reinforcing the importance of this resource in the
development of the different phenophases.

The phenophases of M. flexuosa correlated negatively
with precipitation in both months analyzed (current and
preceding). Other hand, seasonal variation in rainfall can
be an important factor for phenology (Reich and Borchert,
1984; Van Schaik et al., 1993). In the study area, total
annual rainfall fluctuated considerably among years. In
the second year (2010), total rainfall was greatly reduced
in comparison to the other years and only 12% of the
staminate and 4% of the pistillate individuals flowered.
By contrast, during the third year, the highest rainfall level
was recorded (2031 mm), and the highest proportion of
individuals flowered (92% staminate and 84% pistillate).
So rainfall must be important for the maintenance of
groundwater levels, given that the water table is just below
the surface, and must contain a sufficient supply of water
to guarantee the production of reproductive structures in
the buriti palms, independently of the season. These data
corroborate with the findings of Khorsand Rosa et al.
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(2014), which determined that abiotic factors that most
significantly affected fruit and seed output were soil
moisture and flooding during the wet season. Khorsand
Rosa et al. (2013) observed flowering in M. flexuosa in
the rainy/dry season transition, and that the process was
associated negatively with the precipitation during the
current month, but positively with the rainfall over the
previous three months, and concluded that flowering may
represent a delayed response to rainfall levels, with the end
of the rainy season, a few months prior to the flowering
period, appearing to be one of the principal determinants of
flowering in this species, a pattern also observed in a number
of other tropical tree species (McLaren and McDonald,
2005). This appears to account for the restriction of the
flowering of M. flexuosa to the dry season in the restinga,
in contrast with the pattern observed in Amazonas (Storti,
1993) and the Bolivian Amazon (Cabrera and Wallace, 2007),
where the species only flowered during the rainy season.

Flowering peaks during the dry (or less rainy) season
have also been recorded in other tropical palms, such as
Attalea oleifera Barb. Rodr. (Locatelli and Machado,
2004), A. phalerata Mart. ex. Spreng (Cabrera and Wallace,
2007), Butia purpurascens Glassman (Guilherme et al.,
2015), Cocos nucifera L. (Leite and Encarnacédo, 2002),
and Oenocarpus bataua Mart. (Ruiz and Alencar, 2004).
One variable that may account for this phenomenon is
the fact that the number of pollinators tends to be greater
during the dry season, due to the more favorable conditions
for this activity, which would contribute to the success of
the pollination process (Janzen, 1967; Van Schaik et al.,
1993; Bendix et al., 2006). During the rainy season, by
contrast, the performance of pollinators may be limited by
the intense and prolonged rains, in addition to an increase
in the potential for physical damage to the flowers and the
loss of a large proportion of the pollen grains (Fisch et al.,
2000; Martén and Quesada, 2001).

In the present study, an annual and synchronic pattern of
fruiting was also observed, with the individuals producing
fruits annually or supra-annually (in alternating years), with
considerable variation among years in productivity. In the
Amazon, Storti (1993) recorded fruiting in M. flexuosa
every two years, that is, a supra-annual pattern in the
terminology of Newstrom et al. (1994). Calderén (2002)
recorded M. flexuosa flowering and fruiting every year, but
without synchrony among individuals, and females that
had produced a large quantity of fruit in one year (as many
as six infructescences), would produce only one or two, or
sometimes no inflorescences whatsoever in the following
year. This reproductive pattern may be closely related to
the quantity of energy fixed by the plant (Calderén, 2002)
and nutrients available in the soil (Pedroni et al., 2002),
independently of the results of previous fruiting bouts.
A similar pattern has been observed in other palms, such as
Acrocomia aculeata (Jacq.) Lodd. ex. Mart. (Scariot et al.,
1995), Butia capitata (Mart.) Becc. (Rosa et al., 1998),
Euterpe edulis Mart. (Fisch et al., 2000), and E. oleraceae
Mart. (Jardim and Kageyama, 1994).
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In addition, major fluctuations in fruit productivity
among years - mast fruiting - may be important to seed
predator’s population control (Rathcke and Lacey, 1985;
Calderdn, 2002; Santos and Takaki, 2005). Mast fruiting
in M. flexuosa may not only permit the avoidance of
predation through the excessive satiation of predators,
but also contribute to an increase in visitation by potential
dispersers (Van Schaik et al., 1993; Pedroni et al., 2002;
Santos and Takaki, 2005).

In the Amazon region, the highest rates of fruitfall
were recorded in M. flexuosa during the rainy season, in
Bolivia (Cabrera and Wallace, 2007), Venezuela (Calderon,
2002), and Roraima, Brazil (Khorsand Rosa et al., 2013).
In the swamps of the eastern and central Amazon basin,
however, the fruiting peak may coincide with the dry season
(Cavalcante, 1974), as observed in the present study, in
the restinga of eastern Maranhdo. It seems reasonable
to assume that the availability of groundwater in these
environments means that water is not a limiting factor,
and that these populations of M. flexuosa do not depend
on the increased precipitation of the rainy season to
reproduce. In these environments, the maturation and fall
of fruits during the dry season may be advantageous to the
palm, given the increased possibility of seed germination
during the subsequent rainy season, when conditions will
be ideal for the germination of the seeds of a wide variety
of plants (Felfili etal., 1999; Khorsand Rosa et al., 2013),
in addition to an increased probability of dispersal by
frugivores, given that the fruits of M. flexuosa represent
a key resource during the dry season, when most other
resources are relatively scarce, provoking an increase in
intra- and inter-specific competition (Steven et al., 1987,
Wallace and Painter, 2002; Cabrera and Wallace, 2007).
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