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ABSTRACT

The Brazilian cerrado has undergone an intense process of fragmentation, which leads to an increase in the number
of remnants exposed to edge effects and associated changes on environmental conditions that may affect the phenol-
ogy of plants. This study aimed to verify whether the reproductive phenology of Xylopia aromatica (Lam.) Mart.
(Annonaceae) differs under different light conditions in a cerrado sensu stricto (a woody savanna) of southeastern
Brazil. We compared the reproductive phenology of X. aromatica trees distributed on east and south cardinal faces
of the cerrado during monthly observations, from January 2005 to December 2008. The east face had a higher light
incidence, higher temperatures and canopy openness in relation to south face. X. aromatica showed seasonal repro-
duction at both faces of the cerrado, but the percentage of individuals, the synchrony and duration of phenophases
were higher at the east face. The study demonstrated the influence of the environmental conditions associated to the
cardinal orientation of the cerrado faces on the phenological pattern of X. aromatica. Similar responses may be ob-
served for other species, ultimately affecting patterns of floral visitation and fruit production, which reinforces the
importance of considering the cardinal direction in studies of edge effects and fragmentation.

Key words: cerrado savanna, edge effect, fragmentation, reproductive phenology, synchrony.

INTRODUCTION

The process of fragmentation of plant communities in-
creases the proportion of edges, leading to changes in the
microclimate such as increasing temperature and lumi-
nosity, and the impact of winds and decreasing humidity
in the marginal portions of the fragment, called edge ef-
fects (Murcia 1995, Kapos et al. 1997). Changes in local
light conditions can lead to shifts in plant phenologi-
cal patterns, as detected in individuals on the border in
relation to the forest interior (Restrepo et al. 1999, Lan-
denberger and Ostergren 2002). However, the amount of
solar radiation reaching the vegetation depends mainly
on the cardinal orientation of the edge determining the

Correspondence to: Maria Gabriela Gutierrez de Camargo
E-mail: gabicamargo@yahoo.com

micro environmental conditions and the intensity of edge
effects to which the vegetation will be subjected (Wales
1972, Turton and Freiburger 1997).

The Brazilian cerrado has a high diversity of plant
species, holding the richest flora among the world’s
tropical savannas (Klink and Machado 2005, Coutinho
2006, Silva et al. 2006). In recent decades, the cerrado
savanna has undergone a drastic reduction, remaining
about 34% of its original extension (Klink and Macha-
do 2005, Silva et al. 2006). In São Paulo State, South-
eastern Brazil, less than 1% of cerrado savanna original
distribution is preserved on isolated patches of variable
sizes (Kronka et al. 1998) usually surrounded by sugar
cane plantations or pasture, which threatens the remain-
ing native species (Pivello et al. 1999, Durigan et al.
2007).
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Phenology is the study of recurring biological

events and their relation to abiotic and biotic factors

(Morellato et al. 2000, Schwartz 2003). Climate at lo-

cal and micro scales is the key driver shaping the time

of plant reproduction, particularly flowering, with con-

sequences for the ecosystem, since it affects all chains

of plants and animals interaction (Marquis 1988, Fitter

and Fitter 2002, Goulart et al. 2005). Consequently,

plant phenology has gained importance in the context

of evolutionary ecology and global change research

(Fitter and Fitter 2002). Time of first flowering, dura-

tion and synchrony are among the key parameters used

to describe plant phenology and its relation to climate

or evolutionary factors (Augspurger 1983, Herrera 1988,

Newstrom et al. 1994, Bolmgren 1998).

A number of phenological studies have addressed

intraspecific variations on tropical tree phenology (e.g.

Bolmgren 1998, Morellato 2004, Freitas and Bolmgren

2008). Studies considering the plant phenology of the

cerrado savanna at species level are sparse (e.g. Goulart

et al. 2005, Lenza and Klink 2006, Oliveira and Sigrist

2008, Vilela et al. 2008). However, the relationship be-

tween reproductive patterns and intraspecific synchrony

has not been explored for cerrado savanna species, es-

pecially in the context of environmental changes (e.g.

Goulart et al. 2005) and edge effects.

Therefore, in the present study we aimed to verify

whether there are variations in the reproductive phenol-

ogy of Xylopia aromatica (Lam.) Mart. (Annonaceae)

trees under conditions of higher (east face) and lower

(south face) light incidence in a cerrado stricto sensu

fragment in southeastern Brazil. Apart from the relev-

ance of understanding how environmental conditions

associated to the cardinal orientation of edges affect

the tree phenology, X. aromatica was chosen due to

its wide distribution in the cerrado savannas, occurring

from open areas of grasslands (“campo cerrado”), to cer-

rado savanna stricto sensu and “cerradão” (the dense

forest-like savanna vegetation) (Durigan et al. 2004),

and their abundance at the study area (P. Reys unpub-

lished data).

We examined (i) whether the reproductive phenol-

ogy of X. aromatica is seasonal and correlated with

the climate at the study area, even under different light

conditions (east and south faces) and (ii) whether there

are differences in the proportion of trees reproducing,

timing, duration and synchrony of flowering and fruit-

ing between the east and south faces of cerrado. We

expected a seasonal reproductive pattern on both faces

due to the marked dry and wet seasons in the cerrado

(Furley 1999), and a higher proportion of individuals of

X. aromatica reproducing, higher synchrony and longer

duration of phenophases on the eastern side, favored

by the higher incidence of light (Landenberger and

Ostergren 2002), compared to the south face.

MATERIALS AND METHODS

AREA OF STUDY

The study was conducted in an area of cerrado of

about 260 ha located in Itirapina, state of São Paulo

(22◦10′31.41′′S; 47◦52′26.13′′W) at 610 m altitude. The

climate at Itirapina region is Cwa type according to

Köeppen (1948) classification. The average climate for

the region (1972 to 2002) shows a mean annual total

rainfall of 1524 mm and mean temperature of 20.7◦C,

with one warm, humid season from October to March

(average of 32◦C and 78% of annual precipitation) and

one cool, dry season from April to September (average

of 18◦C and 16% of annual precipitation). During the

study period (January 2005 to December 2008) the cli-

mate was similar among years (Fig. 2A) and followed

the average pattern described for the region. Climatic

data were obtained from the Climatological Station of

the Center for Water Resources and Applied Ecology

(CRHEA) of the University of São Paulo, located 4 km

from the study area.

The study area was fragmented about 30 years ago

and presents a rectangular form with sides facing the

four cardinal points where the last fire occurred 20

years ago on the north face. The vegetation is cerrado

stricto sensu (Coutinho 1978), a savanna-like vegeta-

tion with a discontinuous canopy and woody compo-

nent reaching six to seven meters high and a kind of

continuous herbaceous layer. In some parts the vege-

tation is denser, with some trees reaching up to 12 m

high. Previous studies in the area did not find micro-

environmental and structural differences between the

edge and interior but they did detect significant differ-

ences between the east and south faces of this cerrado

An Acad Bras Cienc (2011) 83 (3)
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Fig. 1 – Reproductive phenology of Xylopia aromatica in a cerrado sensu stricto, Southeastern Brazil. A. flower buds; B. open flowers (anthesis);

C. unripe fruits; D. ripe fruits and flower buds; E and F. ripe fruits. Photos: A, C, D and F – RMS; B and E – MGGC.

savanna (P. Reys, unpublished data). Besides the high

light incidence associated with the cardinal direction,

each face presents a set of different microenvironmen-

tal conditions (P. Reys, unpublished data). The east face

is separated by a 5 to 8 m wide path from the matrix

composed by another cerrado savanna and pasture,

presents higher light intensity (Photosynthetic Active

Radiation – PAR), temperature and canopy openness,

and lower relative humidity than the south face, whose

matrix was a pasture in the period of study (P. Reys, un-

published data). It is not our intention in this study to

tear apart the influence of each specific microenviron-

mental condition related to the cardinal orientation on

X. aromatica tree phenology.

The species Xylopia aromatica (Lam.) Mart.

(Annonaceae) averages 3 m height and occurs in high

density at the edges and interiors of both east and

south faces of the cerrado studied. Trees have straight

trunk, dark brown bark and pubescent twigs. Xylopia

aromatica is a heliophylus species and selective xero-

phyte, which are reported as abundant in the open

areas of the cerrado savanna and “campo cerrado” with

high luminosity (Lorenzi 1992, Almeida et al. 1998).

The large, white, hermaphrodite flowers occur isolated

in the stems or in small groups in the leaf axils (Du-

rigan et al. 2004) (Fig. 1A and B). The main pollina-

tors are insects of the order Thysanoptera, genus Thrips,

whereas beetles are secondary pollinators, especially the

genus Cillaeus (Nitidulidae) and the family Chrysome-

lidae (Gottsberger and Silberbauer-Gottsberger 2006).

The flesh fruits are green outside and red inside, ar-

ranged on clusters of multiple dehiscent follicles, each

one with a long stalk with multiple seeds. The fleshy

red portion is aromatic and the seeds have a white aril,

creating an attractive contrast to seed dispersers (Fig. 1E

and F), usually birds (Durigan et al. 2004, Gottsberger

and Silberbauer-Gottsberger 2006).

PHENOLOGICAL OBSERVATIONS

We sampled and tagged all individuals of Xylopia

aromatica with circunference at ground level = 3 cm

inside 36 transects of 25 × 2 m, at least 50 m apart,

equally distributed at the south and east faces of the

fragment, with a total of 85 individuals, 35 at the south

face and 50 at the east face. The phenological obser-

vations were carried out monthly on all marked indi-

viduals from January 2005 to December 2008, record-

ing the presence or absence of flowering, separated in

An Acad Bras Cienc (2011) 83 (3)
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flower buds (Fig. 1A) and anthesis (Fig. 1B), and fruit-

ing, separated into immature or unripe (Fig. 1C and D)

and ripe fruits (Fig. 1E and F), according to Morellato

et al. (2000).

DATA ANALYSIS

The phenological patterns were described based on

the activity index, which indicates the percentage of

individuals manifesting a phenophase at each observa-

tion date. To compare the percentage of individuals in

each phenophase at the east and south faces we applied

the nonparametric Wilcoxon Signed-Rank (T ) test (Zar

1999) for each year of observation. To check the influ-

ence of climate on the reproductive performance of in-

dividuals from the east and south faces, the spearman

rank correlation test was estimated (rs) (Zar 1999) be-

tween the monthly activity indices and climate (temper-

ature, rainfall and day length).

SEASONALITY

To check for the occurrence of seasonality in the re-

productive phenological patterns, we applied circular

statistics analyses as described in Morellato et al.

(2000, 2010). There were three complete reproductive

events during the four years of observations and for

each event, the onset date of the first appearance of

flower buds, flowers (anthesis), unripe and ripe fruits

were estimated for each individual sampled at the east

and south faces of the cerrado.

The test for the occurrence of a seasonal pattern

has the null hypothesis of no seasonality or data are

evenly distributed around the circle, and as an alterna-

tive the non-uniform, unimodal distribution and the ex-

istence of a significant mean angle or date (Morellato et

al. 2000, 2010). We estimated: (i) the mean angle or

onset date of each phenophase, and tested its signifi-

cance using the Rayleigh test (Zar 1999) and (ii) the

vector r , which is a measure of concentration around

the mean angle. If the null hypothesis is rejected, the

intensity of concentration around the mean angle r can

be considered a measure of the degree of seasonality

(Morellato et al. 2000, 2010). The significant mean

angles were compared using the Watson-Williams (F)

test (Zar 1999) to verify whether the average onset date

differs between the east and south faces. The analyses

followed Morellato et al. (2000, 2010) and were per-

formed using the software ORIANA (Kovach 2010).

SYNCHRONY

To estimate the synchrony or the phenological overlap

between pairs of individuals flowering/fruiting at the

same face, for each phenological event we calculated

the index of synchrony (Xi) from Augspurger (1983).

To verify if there were differences in the synchrony of

individuals between the east and south faces, we applied

the nonparametric Mann-Whitney (U ) test (Zar 1999).

We calculated the population index of synchrony (Z) of

Augspurger (1983) to determine the degree of syn-

chrony among all individuals at each face, where Z = 0

indicates no synchrony or overlap among individuals

flowering/fruiting, and Z = 1 indicates perfect or total

synchrony of flowering/fruiting among all individuals at

a given face in the same time of the year (Augspurger

1983, San Martin-Gajardo and Morellato 2003).

To understand the contribution of each individual

in the phenological pattern at the east and south faces of

the cerrado savanna studied, we determined, for each

individual, over the four years of study, the predom-

inant phenology pattern. We considered as presenting

a continuous or episodic pattern individuals flowering

or fruiting continuously over the year with interruptions

of different duration, usually of one or two months, and/

or without a definite time of occurrence of flowering/

fruiting through the years. We considered as regular or

seasonal individuals that flowering/fruiting once a year,

at the same time over the years, with rare events taking

place outside the main period of occurrence.

RESULTS

The phenological pattern at both faces was generally

similar (Fig. 2B to E). Significant differences between

the percentage of individuals reproducing at the east

and south faces were observed for all phenophases in

2006, flower buds and anthesis in 2007, and flower

buds and immature fruits in 2008, with higher medians

at the east face (Table I).

FLOWERING

The production of flower buds was significantly sea-

sonal, with the mean onset date in the beginning of the

An Acad Bras Cienc (2011) 83 (3)
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Fig. 2 – Climate of the study period and the reproductive phenology of Xylopia aromatica at east and south faces of a cerrado sensu stricto,

Southeastern Brazil. Roman numerals (I, II e III) indicate the three reproductive events defined in the four years of study. The hatched area

indicates the rainy season.

An Acad Bras Cienc (2011) 83 (3)
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TABLE I
Activity index medians of Xylopia aromatica at the east

and south faces of a cerrado sensu stricto, Southeastern Brazil,
and Wilcoxon Signed-Rank tests (T ) values for the comparison of
activity indexes between faces. *Significant differences ( p< 0.05).

Years Phenophase
Faces

T Z p-level
East South

2005

Flower bud 9.00 5.71 25.00 0.25 0.80

Anthesis 2.00 0.00 8.00 1.40 0.16

Unripe fruit 11.00 10.00 26.00 0.62 0.53

Ripe fruit 1.00 2.86 18.00 0.53 0.59

2006

Flower bud 21.00 5.71 1.00 2.70 0.01*

Anthesis 3.00 0.00 5.00 2.67 0.01*

Unripe fruit 26.00 20.00 4.00 1.96 0.05*

Ripe fruit 4.00 2.86 3.00 2.67 0.01*

2007

Flower bud 32.00 8.57 0.00 3.06 0.00*

Anthesis 3.00 0.00 0.00 2.67 0.01*

Unripe fruit 22.00 14.29 15.00 1.88 0.06

Ripe fruit 1.00 0.00 3.00 1.86 0.06

2008

Flower bud 24.00 10.00 3.00 2.50 0.01*

Anthesis 2.00 2.86 3.00 1.86 0.06

Unripe fruit 28.00 11.43 0.00 3.06 0.00*

Ripe fruit 4.00 4.29 17.00 1.07 0.28

dry season (Table II), differing between the east and

south faces only in 2007 (F = 15.25, p < 0.01, Ta-

ble II). The peak of activity occurred in the transition

between the dry and rainy seasons (Fig. 2B and C),

with a significant positive correlation between flower

buds and daylength at both faces (rs = 0.38, p < 0.01

and rs = 0.39, p < 0.01 respectively for east and south

faces).

Although flowering had started in the dry season,

the highest activity of individuals was observed in the

rainy season (Fig. 2B and C), with peaks coinciding

with the first rains after a dry period. Flowering was

observed almost throughout the period of study at the

east face (Fig. 2B), while at the south face the intervals

among events were longer, up to six months between

2006 and 2007 (Fig. 2C). The total duration of anthesis

at the east face lasted approximately six months in the

three events analyzed (Fig. 2B), while at the south face

the entire duration of anthesis events varied from 2-7

months (Fig. 2C).

Individuals of X. aromatica at the east face pres-

ented a relative high flower bud synchrony, especially

in the last two events, and low synchrony in two of the

three events of anthesis. At the south face, individuals

of X. aromatica showed low flowering synchrony, reach-

ing a maximum of 0.45 in the third flower bud event

(Table III). Individuals at the east face presents higher

indices of synchrony than trees at the south face for

all events considered, with significant differences for

flower buds (second event) and anthesis (third event)

(Table III).

FRUITING

Immature fruits showed a significant seasonal pattern,

with the mean onset date between late November and

early January, differing between the faces just regarding

the mean onset date of the second event (F = 6.95, p =

0,01, Table II). Immature fruits were observed through-

out the study period, with an interval of two months in

2005 in the east face (Fig. 2D). The peaks of activity oc-

curred in the wet season, usually between January and

March (Fig. 2D), with significant positive correlations

with temperature and rainfall at the east face (rs = 0.40,

p< 0.01 and rs = 0.30, p< 0.05).
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Fruit ripening was significantly seasonal, with the

onset mean date late in the wet season in February and

March (Table II). The onset dates did not differ between

the east and south faces (Table II). The peaks of activ-

ity were observed between March and April (Fig. 2E),

and there was a significant negative correlation between

ripe fruit and daylength at the east and south faces (rs =

−0.30, p < 0.05 and rs = −0.34, p < 0.05, respec-

tively).

TABLE III

Index of synchrony (Z) for reproductive pheno-

fases of Xylopia aromatica individuals at the east

and south faces of a cerrado sensu stricto, South-

eastern Brazil, and Mann-Whitney tests (U ) for

the individual synchrony (Xi) comparison between

faces for the three complete reproductive events.

Event Phenophase
Z

U
East South

I

Flower bud 0.42 0.35 731.0

Anthesis 0.19 0.18 866.5

Unripe fruit 0.41 0.17 593.0*

Ripe fruit 0.18 0.06 729.0

II

Flower bud 0.63 0.32 520.0*

Anthesis 0.26 0.13 762.0

Unripe fruit 0.46 0.11 298.0*

Ripe fruit 0.33 0.05 466.0*

III

Flower bud 0.75 0.45 547.5*

Anthesis 0.65 0.33 610.0*

Unripe fruit 0.49 0.26 781.0

Ripe fruit 0.35 0.10 556.0*

*p <0.05.

Individuals of X. aromatica at the east face pres-

ented low fruiting synchrony indices (X) in all events,

reaching a maximum of 0.49 for immature fruits and

0.35 for ripe fruits during the third event (Table III). At

the south face trees were even less synchronous, with

maximum values of Z reaching 0.26 for immature and

0.10 for mature fruits (Table III). Individuals at the

east face presented higher synchrony indices than trees

at the south face for all events considered, with signifi-

cant differences for the synchrony of immature fruits in

the first event, for mature fruits (second event), and for

immature and ripe fruits in the third event (Table III).

INDIVIDUAL REPRODUCTIVE PATTERNS

Most individuals of X. aromatica at the east face pres-

ented a regular or seasonal flower bud (90%) and an-

thesis (62%) pattern, despite the episodic behavior of

some individuals in the first two events of anthesis (Fig.

3A and C). At the south face, all individuals presented a

regular flower bud pattern (Fig. 3B) and a continuous or

episodic pattern (54%) of anthesis (Fig. 3D).

The majority of individuals of X. aromatica at the

east face presented a regular or seasonal pattern for im-

mature (52%) and mature (67%) fruits, despite the con-

tinuous fruiting observed for some individuals in the

first two events of immature fruits (Fig. 3E and G). At

the south face, the individuals of X. aromatica showed

an episodic or continuous pattern for immature fruits

(64%), and for ripe fruits half of the trees presented a

regular and half an episodic pattern (Fig. 3F and H).

DISCUSSION

The individuals of Xylopia aromatica sampled at the

east and south faces of the cerrado savanna showed

seasonal annual phenological patterns, and started and

peaked at the same time of year. Despite individual

variations in the patterns over time and between faces,

the seasonal pattern was confirmed for the four years of

study at the east and south faces. The seasonal climate

is regarded as the main factor defining the phenology

patterns of cerrado savanna vegetation, leading to the

recurrent reproductive seasonality found for many spe-

cies of cerrado (Felfili et al. 1999, Batalha and Manto-

vani 2000, Oliveira and Gibbs 2000, Lenza and Klink

2006) which is considered an adaptive strategy of cer-

rado plants (Oliveira and Gibbs 2000, Oliveira 2008).

Despite the seasonal phenological pattern of X.

aromatica observed in both cardinal orientations, dif-

ferences were detected in the timing and duration of

phenophases, and in the intervals between events and

phenophases at the east and south faces of the cerrado

studied. Xylopia aromatica is a species with a wide

distribution, decreasing in abundance from open (“cam-

po cerrado”) to close (“cerradão”) cerrado savanna

physiognomies (Durigan et al. 2004), indicating a pref-

erence for lighter, dryer environments. Hereafter, the

highest activity and synchrony displayed by individuals

An Acad Bras Cienc (2011) 83 (3)
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Fig. 3 – Reproductive phenological patterns of Xylopia aromatica individuals at the east (n = 50) and

south (n = 35) faces of a cerrado sensu stricto, Southeastern Brazil.

sampled at the east face are related to the greater sunlight

reaching the east cardinal position, associated with sig-

nificant higher light incidence (PAR), temperature and

canopy openness compared to the south face (P. Reys,

unpublished data).

Additionally, the strong correlation observed be-

tween daylength and flower buds suggests daylength as

the potential trigger for the onset of flower buds at the

east face. Both increasing daylength and higher light

incidence seem to affect flowering activity as a trigger

and an environmental cue increasing reproductive act-

ivity. Wright and van Schaik (1994) highlight the im-

portance of light in the tropics, and Rivera et al. (2002)

suggest increasing day length as a cue for synchronous

flowering at low latitudes. The relationship between

increasing plant reproductive activity and high light

incidence has been suggested by studies comparing

flower production at different light conditions (e.g.

Kapos et al. 1997, Landenberger and Ostergren 2002,

Alberti and Morellato 2008).
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In the present study, X. aromatica started flower-

ing at the end of the dry season, but the peak of anthesis

activity was at the end of the dry season and early in the

wet season, after the first rains that mark the transition

between seasons. Therefore, X. aromatica can be in-

cluded in the group of cerrado species presenting “early”

or “precocious” flowering according to Oliveira (2008),

with flowering occurring mainly at the beginning of

the rainy season. The rainfall after a period of water

stress (dry season) is considered one of the main cues

inducing flowering in tropical forests (Opler et al. 1976,

Morellato and Leitão-Filho 1990), a pattern also con-

firmed for three cerrado species of Kielmeyera in Cen-

tral Brazil (Barros 2002), and Caryocar brasiliense in

the cerrado of south Minas Gerais (Vilela et al. 2008).

The individuals of X. aromatica were fruiting

mainly in the wet season, a pattern similar to that ob-

served for animal-dispersed species trees in different

phenological studies in the cerrado (Mantovani and

Martins 1988, Batalha et al. 1997, Batalha and Man-

tovani 2000, Batalha and Martins 2004, Gottsberger and

Silberbauer-Gottsberger 2006, Lenza and Klink 2006,

Vilela et al. 2008). The largest amount of rainfall fa-

vors the growth and maturation of animal-dispersed

fruits during the wet season, and ensure its availability

and attractiveness to frugivorous and seed dispersers for

a longer period of time (Mantovani and Martins 1988,

Batalha et al. 1997, Batalha and Mantovani 2000, Ba-

talha and Martins 2004, Gottsberger and Silberbauer-

Gottsberger 2006).

Seasonality and synchrony were related to the rel-

ative contribution of each individual of X. aromatica

to the phenology at both faces of cerrado. At the east

face, the more synchronous flowering reflected the reg-

ular pattern of most individuals, especially for flower

buds. Despite the low fruiting synchrony, most indi-

viduals presented a regular pattern in all events, which

explains the seasonality observed at the east face. At

the south face, the relationship between the synchrony

and phenological pattern of individuals was detected for

anthesis, immature and ripe fruits. The general episodic

pattern determined a low or near zero synchronization

index, i.e. asynchrony. On the other hand, for flower

buds the predominance of individuals presenting a regu-

lar pattern did not lead to high synchrony, probably due

to the long duration of this phenophase (Augspurger

1983, San Martin-Gajardo and Morellato 2003).

One possibility for these observed results is that

the darker and more constant environment at the south

face may reduce the influence of environmental factors

synchronizing the time of occurrence of reproductive

activity, especially light. A similar response is sug-

gested by Koptur et al. (1988) for understory plant spe-

cies of a tropical rainforest. Additionally, there may

be more variation in the phenology of each individual

when subjected to less favorable conditions for flower-

ing or fruiting (Goulart et al. 2005). However, Lenza

and Klink (2006) observed that, despite the variations

in the phenology of each individual, the seasonal leaf-

ing and ripening pattern of 19 woody species of cerrado

was maintained. Goulart et al. (2005) found few dif-

ferences in the phenological pattern of populations of

Plathymenia reticulada (Leguminosae – Mimosoideae)

from cerrado, Atlantic forest and transition areas, and

the differences were more associated with changes in

the phenology of some individuals and the genetic vari-

ability of individuals of each population than to environ-

mental differences.

The synchrony of flowering and fruiting within a

population is usually associated with predator satiation

and attractiveness to pollinators and seed dispersers in

order to increase reproductive success (Bolmgren 1998).

However, we must consider that the low synchrony can

be compensated by large flowers or a bicolor display of

mature fruits (Willson and Thompson 1982, Bolmgren

1998). Xylopia aromatica has large flowers (Fig. 1B)

and ripe fruits with contrasting colors (Fig. 1E and F),

which can facilitate their detection for pollinators and

frugivores (Schaefer et al. 2006, Freitas and Bolmgren

2008, Cazetta et al. 2009), even when offered by a few

isolated individuals. Moreover, the little synchrony may

bring advantages in terms of escaping from predators and

less competition for seed dispersers, leading to an in-

creased plant reproductive success (Wheelwright 1985).

The variation of individual patterns within a pop-

ulation, for example, some few individuals presenting

episodic or regular patterns but outside the period of

peak activity of the cospecifics, may be important for

maintaining the diversity of phenological patterns within

the plant species and community. For instance, episodic

An Acad Bras Cienc (2011) 83 (3)
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events can occur during periods of resource scarcity for

pollinators and dispersers, and contribute to the main-

tenance of wildlife, the plant-animal interactions and

the genetic diversity of the populations, also revealing

the phenotypic plasticity of the populations (Lenza and

Klink 2006) which is fundamental to the species adapt-

ability to environmental changes.

Therefore, the environmental conditions associated

to the cardinal orientation of the face of the cerrado

where each individual occurs affected the phenology

of the individuals at each face and, as a result, the

phenology of X. aromatica in the cerrado savanna area

studied. Since X. aromatica presents a wide distribu-

tion and is adapted to diverse environmental conditions

across the cerrado region (Almeida et al. 1998, Durigan

et al. 2004), the observed differences were more subtle

than initially expected. Studies involving more species

and families with different pollination and seed disper-

sal modes may confirm the effects of local environmen-

tal conditions associated to cardinal orientation on the

reproductive phenology of cerrado savanna trees, rein-

forcing the importance of considering the cardinal orien-

tation in studies of edge effects and fragmentation.

ACKNOWLEDGMENTS

We thank the owners of Fazenda São José and IAB –
Instituto Arruda Botelho for allowing the conduct of
the field work at the farm. The study was funded by
the Fundação de Amparo à Pesquisa do Estado de São
Paulo (FAPESP) (07/59779-6) and Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq).
MGGC received master scholarship from FAPESP (05/
57740-0); RMS a undergraduate scientific scholarship
from CNPq; PR a doctoral scholarship from the Coor-
denação de Aperfeiçoamento de Pessoal de Nível Supe-
rior (CAPES), and LPCM receives a Research Produc-
tivity fellowship and grant from CNPq. This work is a
contribution from the Laboratory of Phenology and the
Plant Phenology and Seed Dispersal Group.

RESUMO

O cerrado brasileiro vem sofrendo um processo intenso de

fragmentação, que levou ao aumento de remanescentes sujeitos

aos efeitos de borda e a alterações nas condições ambientais

que podem afetar a fenologia das plantas. O objetivo deste

trabalho foi verificar se a fenologia reprodutiva de Xylopia

aromatica (Lam.) Mart. (Annonaceae) difere sob diferentes

condições de luz em um cerrado sensu stricto no sudeste do

Brasil. Comparamos a fenologia reprodutiva de árvores de X.

aromatica distribuídas nas faces leste e sul do cerrado, obser-

vadas mensalmente de janeiro de 2005 a dezembro de 2008.

A face leste apresentou maior incidência de luz, temperatu-

ras e aberturas do dossel em relação à face sul. X. aromatica

apresentou reprodução sazonal em ambas as faces do cerrado,

mas a porcentagem de indivíduos, sincronia e duração das

fenofases foram maiores na face leste. O estudo demonstrou

a influência das condições ambientais associadas à orientação

cardeal das faces do cerrado no padrão fenológico de X.

aromatica. Respostas similares poderão ser observadas em

outras espécies de cerrado, afetando os padrões de visitação

floral e produção de frutos, o que reforça a importância de

considerarmos a orientação cardeal nos estudos de efeitos de

borda e fragmentação.

Palavras-chave: cerrado, efeito de borda, fragmentação,

fenologia reprodutiva, sincronia.
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