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Abstract Year-round flowering is widely re-
ported in fig trees and is necessary for the survival
of their short-living, specialized Agaonid pollin-
ators. However, seasonality in both fig and leaf
production has been noted in almost all published
phenological studies. We have addressed the fol-
lowing questions in the present study: (1) Are
reproductive and vegetative phenologies seasonal
and, consequently, related to climate? (2) Does
Ficus citrifolia produce ripe figs year round? (3) Is
the fig development related to climate? And, (4)
Are reproductive and vegetative phenologies
independent? By investigating these questions
with a F. citrifolia population over a two-year
period, at the southern edge of the tropical region
in Brazil, we detected phenological seasonality
that was significantly correlated with climate. Our
findings can be summarized as follows: (1) Trees
became deciduous during the cold and dry
months; (2) The flowering onset was asynchro-
nous among individuals, but with moderate con-
centration during the hot and rainy months; (3)
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There was a correlation between the onset of
flowering and vegetative phenology, with signifi-
cantly higher crop initiations in individuals with
full-leaf canopy; (4) Fig developmental time was
longer in cold months; and (5) Ripe fig production
occurred year-round and was not correlated with
climate. Our results suggest that there are strong
selection pressures that maintain the year-round
flowering phenology in figs, for we have observed
little seasonality in the phenology of such species
despite the strong seasonality in the environment.
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Introduction

Year-round flowering is widely reported in fig
trees (Ficus spp., Moraceae) (Janzen 1979; We-
iblen 2002). This phenological pattern is neces-
sary for the survival of their short-living,
specialized Agaonid pollinators. The sexual
reproduction of the plant depends exclusively
upon pollination services carried by Agaonid fig
wasps, whilst each Agaonid larva develops within
a single galled fig ovule (Galil and Eisikowitch
1968Db).

Due to their year-round fruiting phenology,
Ficus species have been considered keystone
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resources for frugivores in tropical forests as well
as in other habitats, for they produce fruits when
other fruit resources are relatively scarce (Ter-
borgh 1986; Lambert and Marshall 1991; Kinnaird
et al. 1996; Kannan and James 1999; Shanahan
et al. 2001a; Ragusa-Netto 2002). Moreover, by
attracting frugivores, fig trees also help the arrival
of seeds that had been born inside the guts of
those fruit consumers (Kinnaird et al. 1996;
Thornton et al. 1996; Galindo-Gonzalez et al.
2000; Shanahan et al. 2001b; Thornton et al. 2001;
Guevara et al. 2004).

Flowering and fruiting in Ficus species of the
Americana section are strongly intra-individually
synchronous but asynchronous among individuals
(Milton et al. 1982). However, seasonality in both
fig and leaf production has been noted in several
phenological studies (Milton et al. 1982; Kjellberg
et al. 1987; Bronstein 1989; Windsor et al. 1989;
Corlett 1993; Damstra et al. 1996; Spencer et al.
1996; Patel 1996, 1997, Harrison et al. 2000;
Tweheyo and Lye 2003). Such seasonality is ex-
pressed, in variable degrees, by leaf dropping
during the dry seasons and the periods of the year
with higher proportions of individuals that initiate
fig crops (Milton et al. 1982). These published
data suggest that phenological seasonality reflects
climate seasonality given that many regions, even
in low latitudes, show rainfall seasonality, e.g.
Panama (Milton et al. 1982; Windsor et al. 1989),
India (Patel 1996), and Uganda (Tweheyo and
Lye 2003). Additional support for the role that
rainfall plays over fig individual phenology comes
from non-seasonal environments in Borneo,
where severe drought substantially affected phe-
nology (Harrison et al. 2000; Harrison 2001). In
contrast, in a non-seasonal environment in Sin-
gapore fig species did not show significant syn-
chrony among individuals (Corlett 1984, 1987,
1993). Therefore, phenological patterns that are
known to Ficus seem to follow those described for
other tropical tree species, in which water-related
factors appear to be an important proximate
cause of seasonal phenology (Frankie et al. 1974;
Opler et al. 1980; Borchert 1983; Reich and
Borchert 1984; Wright 1996). However, Borchert
(1983) suggested that flowering in tropical trees
may be internally controlled and affected by
environmental factors, and only indirectly
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through their effects on seasonal vegetative
development.

Studies on the phenology of fig individuals that
are found in the surroundings of their distribution
edges may reveal selective pressures that drive
the year-round phenological pattern of figs and
thereby stabilize mutualism with their pollinators.
They may also reveal the reasons for so many fig
species that are restricted to tropical habitats. By
following such idea, we investigated the repro-
ductive and vegetative phenologies of Ficus
citrifolia at the southern edge of the tropical re-
gion. We have addressed the following questions
in the present study: under such nearly subtropi-
cal climate, (1) Are reproductive and vegetative
phenologies seasonal and, consequently, related
to climate? (2) Does F. citrifolia produce ripe figs
year round? (3) Is fig development related to
climate? (4) Are reproductive and vegetative
phenologies independent?

Methods
Study site

The current study was carried out from October,
1992 to October, 1994 at the Londrina State
University campus, Londrina, Parana State
(approximately, 23°19” S, 51°12” W). The campus
is located at the southern tropical limit (15 km
away from the Tropic of Capricorn). It is an
approximately 115-ha area, mainly covered with
gardens and lawns where several spontaneous and
ornamental arboreal species grow. According to
Koeppen’s Classification system, the climate of
the region is Cfa (humid subtropical), character-
ized by hot summers, non-defined dry seasons and
average temperature above 22°C in the warmest
month (Corréa et al. 1982). The lowest monthly
average temperature occurs in July (16°C), and
the highest in December (24°C). The average
annual rainfall rate in the region is 1,615 mm. The
rainiest month is January, with more than
200 mm on the average. The driest months are
July and August, when total rainfall average rates
go down to less than 60 mm. Figure la shows
climate conditions observed during the study
period.
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Fig. 1 Climatic variables (a) during the study period and
phenology of Ficus citrifolia in Londrina, Parana State.
(b) Proportion of trees shedding (@), flushing (A) and
without leaves (A). (¢) Average fig development in days.

Study species

Ficus citrifolia P. Miller (subgenus Urostigma,
section Americana) is a monoecious tree that
normally grows as a hemi-epiphyte on other
trees or buildings and frequently develops within
disturbed areas (R.A.S. Pereira, personal obser-
vation). In Brazil, F. citrifolia is pollinated by
Pegoscapus tonduzi and associated to other 14
non-pollinating Chalcid wasp species (Pereira
et al. 2000, referred to as F. eximia). Ficus
citrifolia presents considerable morphological
variation and has been given several names
in different localities, such as F. guaranitica
Chodat & Vischer in Brazil (Carauta 1989) and
F.  hemsleyana Standley in Costa Rica
(W. Ramirez B., pers. comm.). DeWolf (1960)
lists 29 synonyms for F. citrifolia. Figs are born
in pairs on the leaf axils and reach 2-2.5 cm in
diameter when mature.

(d) Proportion of trees with ripe figs. Dashed lines
represent the average temperature and solid lines are
minimum and maximum temperature rates

Sampling

We monitored individuals of F. citrifolia for
25 months, weekly. We firstly observed 35 indi-
viduals and gradually included new individuals
during the study, until a total amount of 60
monitored individuals was reached (37, 39, 53,
and 60 individuals at the end of the 1st, 2nd, 6th
and 8th months, respectively). In each sampling,
we examined individuals for the presence of figs
and leaf phenology. We classified the develop-
mental phases in figs according to the proposal of
Galil and Eisikowitch (1968b), which splits the
developmental cycle in figs into five phases,
namely A to E. We considered phases A and E,
the flowering onset and the presence of ripe figs in
the analyses, respectively.

We estimated leaf phenology per individual with
the use of a six-point scoring procedure as follows:
0—no leaves, 1—canopy with > 0 and <50% of
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flushing leaves, 2—canopy with =50 and <100% of
flushing leaves, 3—full canopy (100% ), 4—canopy
with =50 and <100% of shedding leaves, and
S5—canopy with >0 and <50% of shedding leaves.

Although weekly surveys were important to
measure phenology more accurately (some fig
phases and leaf changes last less than one week),
we grouped data monthly. Monthly intervals
seemed to fit biological interpretations better and
were more appropriate for statistical analyses for
observations were less auto-correlated than in
weekly data (see below for auto-correlation con-
siderations). Then, at the populational level,
monthly phenological patterns were represented
by (1) proportions of individuals shedding (sum of
classes 4 and 5) or flushing (sum of classes 1 and
2) leaves, (2) proportions of individuals initiating
crops or with ripe fruits, and by (3) the average fig
development. In a given month, fig development
was estimated with the average of the time for fig
development, in days, of the crops initiated in that
certain month. This variable represents the
duration of the fruiting episode that should be
expected for one individual as it initiates a crop in
that month.

Meteorological data

Instituto Agronomico do Parana (IAPAR), lo-
cated five kilometers away from the study site,
provided us with meteorological records. Series
consisted of month means of daily average, min-
imum, and maximum temperatures (°C); rainfall
(mm); and soil water storage (%) estimated from
a sequential water balance. Water balance was
calculated with the BHseq V6.3, 2002 software
(Rolim et al. 1998) by making use of Thorn-
thwaite’s and Mather’s method (1955) and
assuming soil water capacity at 125 mm. To en-
sure that the water balance did start with water
storage at 100% of the soil water capacity, we
initiated calculations 8 months before beginning
to sample, in March 1992, which was a particu-
larly rainy month (~360 mm).

Data analysis

We used simple regressions to verify whether
phenological  (dependent)  variables  were
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explained with climatic (independent) variables.
Since fig individuals should take some time to re-
spond to some climatic conditions, we computed a
series of delayed climatic variables up to 60 days at
15-day intervals. Thus, we took climatic variables
corresponding to the monthly averages that oc-
curred 15, 30, 45 and 60 days before each sampling
date. Dependent variables analyzed were: pro-
portion of individuals (1) shedding leaves, (2)
flushing leaves, (3) initiating crops (flowering on-
set), (4) with ripe figs, and, in addition, (5) fig
development. Independent variables were month-
ly means of: average, minimum and maximum
temperatures (°C), rainfall (mm) and soil water
storage (% ). For leaf changes and flowering onset,
we also analyzed the series of delayed independent
variables to examine their predictors.

Data structured in time series, like those ana-
lyzed in this study, are auto-correlated in general.
Such auto-correlation breaks the assumption of
serial independence required for most classical
inference tests (Pyper and Peterman 1998).
Therefore, we used generalized least squares
(GLS) models with auto-correlated errors (Ven-
ables and Ripley 1999). All statistical analyses
were performed with the S-Plus 6.1° Insightful
Co. statistical package.

We initially fit simple regressions to see if
residuals showed significant auto-correlation.
Simple regression residuals were examined with
correlograms, and the auto-correlation function
(ACF) and partial ACF plots (Rasmussen et al.
1993) were used to detect the presence of signif-
icant auto-correlation and its form. Subsequently,
analyses were redone with the use of GLS models
and incorporation of the auto-correlation error
structure. In all analyses, autoregressive models
(AR) of orders 1 or 2 were appropriate to rep-
resent residual auto-correlations.

As analyses that involved the proportions of
individuals initiating crops and those with ripe figs
did not present significant auto-correlations in the
residuals, we initially used generalized linear
models assuming binomially distributed errors
(Venables and Ripley 1999). However, the ratio
from the residual deviance to the residual degrees
of freedom was around 0.3, showing considerable
under-dispersion and suggesting that the assump-
tion of binomial errors was not appropriate
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(Crawley 1993). Therefore, we analyzed these
data with simple regressions. In all analyses,
residuals showed no obvious patterns, and plots of
ranked residuals against standard normal devia-
tions were close to straight lines, thus supporting
the assumption of normal errors. For proportion
data, we tested the arcsine-square-root transfor-
mation, as suggested by Zar (1996), but as it
weakened residual distributions, we carried out
final analyses without data transformation.

For the 36 individuals that we observed during
the whole period (25 months), we used Kuiper’s
test (Zar 1996) to assess whether the distribution
of the flowering onset was uniform throughout
the year. In addition to these individuals, we
checked, with Pearson’s correlation, to see if the
sizes of fig individuals, expressed by their diam-
eter at breast height (DBH), were correlated with
the number of crops initiated during the study
period. To obtain the DBH rate in individuals
that bore more than one trunk at breast height,
we summed the cross-sectional areas of all the
trunks and back-calculated their diameter.

We fit log-linear models to data, assumed a
Poisson error and used the log-link function
(Venables and Ripley 1999) to verify if the per-
centage of flowering onset in each of the six

vegetative scores was not different from the
average value of 3.5% (considering that the
flowering onset had occurred with the same pro-
portion in all vegetative phases). We tested the
statistical significance of each vegetative score by
comparing the change in deviance caused by its
removal from the full model to a > distribution,
with one degree of freedom.

Results
Leaf change

Ficus citrifolia was deciduous, with a higher pro-
portion of individuals shedding leaves during the
cold months (Fig. 1b). Some individual trees also
shed leaves in other periods of the year. The
temporal leaf change sequence was characterized
by leaf shedding until all leaves had fallen off and
a new flush started (Fig. 1b). However, leaf
flushing sometimes overlapped leaf shedding.
The proportion of individuals shedding leaves
was negatively correlated with the current
monthly average temperature (Table 1), whereas
leaf flushing was better correlated with the
monthly average temperature within 15- and 45-

Table 1 Results of generalized least squares (leaf shedding and leaf flushing) and ordinary least squares (flowering onset)
regressions that explain the effect of monthly climatic variables on the phenology of Ficus citrifolia trees

Effect Average temperature Water storage Rainfall

Stand. coef. t P Stand. coef. t P Stand. coef. t P
Leaf shed
No delay -0.371 2.1 0.046 -0.11% -1.8 0.083 -0.161 -1.6 0.115
Delay 15 -0.34t 2.0 0.058 -0.15% -1.6 0.112 —0.07F -0.8 0.419
Delay 30 —0.22% -12 0.255 0.03% 0.4 0.669 0.031 0.3 0.752
Delay 45 0.08% 0.4 0.678 0.041 0.5 0.636 —0.01t -0.1 0.958
Delay 60 0.12% 0.6 0.549 0.05% 0.7 0.466 0.041 0.6 0.569
Leaf flush
No delay —0.49% 2.4 0.027 —0.04¢ -0.3 0.762 —0.161 -1.1 0.293
Delay 15 —0.55¢% 2.9 0.009 0.23t 14 0.184 —0.03t -0.2 0.817
Delay 30 —0.53% 2.7 0.014 0.151 1.0 0.322 —0.14% -1.0 0.348
Delay 45 —0.67F -3.5 0.002 0.07t 0.5 0.645 —0.03t -0.2 0.821
Delay 60 —0.49¢ 22 0.037 0.121 0.9 0.364 —0.10f 0.7 0.506
Onset of flowering
No delay 0.41 22 0.042 -0.20 -1.0 0.328 0.01 0.03 0.974
Delay 15 0.42 22 0.039 -0.61 -3.6 0.002 -0.26 -1.3 0.210
Delay 30 0.35 1.8 0.084 -0.52 29 0.009 -0.18 -0.9 0.387
Delay 45 0.29 14 0.161 -0.23 -1.1 0.268 -0.01 -0.04 0.966
Delay 60 0.20 1.0 0.347 -0.04 -0.2 0.849 <0.01 -0.01 0.994

N = 25 months. We used autoregressive models of order 1 (f) or order 2 (}) for error structure
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day time lags (Table 1). These high correlations
with the delayed average temperatures probably
reflect the temporal sequence of leaf shedding
and flushing. Leaf change was not significantly
correlated with soil water storage and rainfall
(Table 1).

Flowering onset

Ficus citrifolia was asynchronous in flowering
onset and initiated fig crops throughout the year
(Fig. 2). Among individuals that were observed in
the whole period (25 months), some individuals
initiated up to three fig crops per year, with a
mean + SD of 1.8+0.6 crops year (N = 36 indi-
viduals). The number of crops that these indi-
viduals initiated showed a marginally significant
positive correlation with their sizes, expressed in
DBH (Pearson’s correlation: r=0.329, P=0.066,
N = 32 individuals). At the populational level,
flowering onset did not occur randomly over the
year (Kuiper’s test: V=2.61, P< 0.01), with
moderate concentration during the hot and rainy
months (Fig. 2). The average flowering onset an-
gle for the 25-month period was 0.22° (early
January) and its C.l.gse corresponded to
November-February (Fig. 2). However, two
flowering peaks occurred and these corresponded

Fig. 2 Number of Ficus citrifolia trees mo ' initiating
crops. N = 36 trees monitored over 25 months. Bold bars
represent the mean angle for flowering onset and its 95%
confidence interval (C.Loso,)
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to renewed rainfall periods after droughts (April
in both years and September, 1993—Figs. 1a and
2).

The proportion of flowering individuals was
positively correlated with the monthly average
temperature (Table 1), but the highest correla-
tion value was observed for the monthly average
temperature with a 15-day time lag (Table 1).
Flowering onset was negatively correlated with
the soil water storage with 15- and 30-day time
lags (Table 1), suggesting that a higher propor-
tion of individuals initiated crops after a dry
period. Besides the observed correlations with
water storage, rainfall was not significantly cor-
related with the proportion of crop-initiating
individuals (Table 1). The rainfall raw value does
not seem to be a good predictor as it probably
does not accurately reflect the amount of avail-
able water to plants in the soil.

Crop initiation depended on vegetative phe-
nology (G-test: Gs=20.4, P=0.001). Fig individuals
with a full canopy (score 3) initiated significantly
more crops than the expected mean value of 3.5%
if flowering onset did not depend on vegetative
phenology. On the other hand, individuals at the
beginning of leaf shedding (score 4) or producing
new leaves (scores 1 and 2) initiated significantly
fewer crops. Crop initiation developed by trees at
the end of leaf shedding or without leaves (scores
0 and 5) was not significantly different from the
expected value (Fig. 3).

Fig development

Throughout the 2-year round study, the mean fig
development varied from 35 day in warm months
to 101 day in cold months (Fig. 1c) and was sig-
nificantly negatively correlated with temperature
(GLS models with AR1: minimum temperature,
b =-0.68, t; =-3.4, P=0.003; average tempera-
ture, b =-0.69, t; = -4.1, P=0.001; maximum
temperature, b = -0.66, t; = —4.4, P<0.001).

Ripe fruits

We observed fig individuals with ripe fruits
throughout the year, with a mean = SD of 2.6+2.1
individuals week ™. The percentage of individuals
with ripe fruits month™ varied from 2.2 to 10.0%
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(Fig. 1d). The proportion of individuals with ripe
fruits was not significantly correlated with any of
the studied climatic variables: average tempera-
ture (P=0.641), minimum temperature (P=0.689),
maximum temperature (P=0.545), water storage
(P=0.239) or rainfall (P=0.331).

Discussion
Phenological seasonality

Ficus citrifolia has shown a clear deciduous pat-
tern, followed by a flushing of new leaves asso-
ciated with the climatic seasonality observed at
the study site. Such synchronized leaf shedding is
commonly observed in Ficus species during dry
seasons in seasonal habitats (Windsor et al. 1989;
Milton 1991; Damstra et al. 1996; Spencer et al.
1996; Patel 1997; Tweheyo and Lye 2003). Other
tropical trees and treelets are also deciduous
during dry periods (Opler et al. 1980; Wolf 1994;
Morellato et al. 2000), and their water status and
drought sensitivity probably determine leaf ex-
changes (Reich and Borchert 1984; Wright 1996).
Milton (1991) noted that hemi-epiphytic fig spe-
cies (subgenus Urostigma) were deciduous in the
driest months in Panama, whereas free-standing
species (subgenus Pharmacosycea) were ever-

Proportion of onset of flowering

green. Such variation in leaf dynamics may pos-
sibly reflect adaptations to different water deficits
experienced by hemi-epiphytic and free-standing
species, for leaf changes in Urostigma species are
more conspicuous in epiphytic than terrestrial-
phase individuals (Putz et al. 1995). In a relatively
non-seasonal region in Borneo, Harrison et al.
(2000) and Harrison (2001) reported a sudden
increase in the deciduousness of fig species that
was associated with severe drought linked to the
El Nifio event of 1997-1998, thus suggesting that
major rainfall oscillations may substantially affect
phenology.

We found significant correlation between leaf
shedding and monthly temperature, but neither
between leaf shedding and soil water storage nor
rainfall. Nevertheless, we did not reject the role
that water availability plays over F. citrifolia
deciduousness. By comparing diagrams in Fig. 1
(a and b), proportion peaks of individuals with-
out leaves visibly matched with dry periods in
both years. Moreover, we found near significant
correlation between leaf shedding and soil water
storage. As we used indirect measures for water
availability, our interpretation is that the
measured rainfall rate and the estimated water
storage probably did not accurately reflect
the actual water status of the monitored
individuals.
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Individuals of F. citrifolia have shown a sub-
annual pattern of flowering onset and, at the
populational level, flowering occurred year-round.
These two features suggest that individuals were
interspersing fig crop-initiating times throughout
the year. As fig mutualistic pollinators have a
short lifetime (up to 2 days) (Kjellberg et al. 1988;
Figueiredo and Sazima 1997), inter-individual
flowering asynchrony is essential for the repro-
duction of the pollinating fig wasps and, conse-
quently, for the success of the fig-fig wasp
mutualism (Weiblen 2002). However, our results
pointed out moderate seasonality in crop initia-
tions that was significantly correlated with climatic
seasonality. It is important to stress that Londrina
is located at the southern tropical edge, has a hu-
mid subtropical climate (Corréa et al. 1982) and
presents temperature and rainfall seasonality. We
observed larger proportions of individuals initiat-
ing crops during hot and rainy months (Nov.—Feb.,
see Clgso, in Fig. 2). Such observation supports
the pattern reported for F. variegata in Australia
(Spencer et al. 1996) and for Ficus spp. in Uganda
(Tweheyo and Lye 2003), but not with those of
many other fig species that concentrated their
phenological activities during moderately dry
seasons (Milton et al. 1982; Windsor et al. 1989;
Milton 1991; Damstra et al. 1996; Patel 1996,
1997). However, these phenological patterns are
consistent with the observations that leaf and fruit
productions in some tropical forests coincide with
the peak of solar irradiance (Wright and van
Schaik 1994; Talora and Morellato 2000; Morel-
lato et al. 2000).

The increase in F. citrifolia crop initiation
during the wet season was probably associated
with the accumulation of reproductive reserves
during the rainy months. The occurrence of two
flowering peaks, corresponding to renewed rain-
fall periods after droughts, supports this postu-
late. Moreover, larger F. citrifolia individuals (in
DBH) tended to produce more fig crops, as also
reported by Milton et al. (1982). These results are
in agreement with the suggestion of Borchert
(1983) that flower initiation in tropical trees may
go off mainly under endogenous control and is
indirectly affected by environmental factors
through their effects on seasonal vegetative
development, as discussed below.
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Flowering onset vs. leaf change

Our results point out that flowering onset and
vegetative phenology are dependent events. The
significantly higher crop initiations in full-leaf
canopy individuals, but not with senescent or
flushing leaves, suggests that flowering onset in F.
citrifolia is linked to the branch maturation status.
Ficus citrifolia produces figs in the leaf axils at the
terminal (and younger) portion of the branches.
Then, the annual cycle of vegetative develop-
ment, which is associated with the environmental
seasonality, seems to constrain flowering onset.
Harrison et al. (2000) observed a correlation be-
tween leaf flushing and crop initiation in F. fulva,
that also produces its figs at branch tips, but these
two phenological events were uncorrelated in
other cauliflorous species.

Fig developmental time

The variance found in fig developmental time was
a conspicuous pattern observed in our analyses.
Crops in cold months took almost three times as
long to develop as crops in warm months did, and
the mean fig development per month presented a
strong negatively significant correlation with
temperature.

Bronstein (1989) postulated that the ability figs
have to develop more slowly in cold seasons
should be a mechanism that might allow mutual-
ism to persist in seasonal environments as delay-
ing permitted wasps to emerge at a better time so
that they could locate a receptive fig. Her postu-
late is based on evidence that fig maturation ap-
pears to be under wasp control (Galil et al. 1973)
and developmental rates of some insects are
temperature-dependent (Wolda 1988). Kjellberg
et al. (1987) reported that male figs (F. carica)
visited by wasps in late spring (May) ripened in
summer (July), while figs visited in late summer
(August) produced adult wasps in the next spring.
Empirical studies on monoecious species, how-
ever, are required to check if temporal plasticity
increases the success of the pollinating fig wasps
in seasonal habitats; moreover, the incorporation
of developmental time variance in simulation
studies (such as in Kjellberg and Maurice 1989
and Bronstein et al. 1990) deserves attention.
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Availability of ripe fruits

Ficus citrifolia produced ripe figs year-round,
independent of climatic seasonality. This fig spe-
cies is probably important as a food resource for
frugivorous animals that dwell within the univer-
sity campus. Diets of frugivorous bats at the
Londrina State University campus were com-
posed mainly of figs (I. P. Lima, unpublished
data). Thus, the year-round production of ripe figs
observed in the present study is consistent with
other reports that consider Ficus species as key-
stone resources for frugivorous animals, as they
produce fruits when other fruit resources are
relatively scarce (Terborgh 1986; Lambert and
Marshall 1991; Kinnaird et al. 1996; Kannan and
James 1999; Shanahan et al. 2001a; Ragusa-Netto
2002). Such phenological pattern suggests that
this fig species could potentially be used in res-
toration projects on degraded land, given that
frugivores may track fig production over large
distances and, potentially, disperse seeds of a mix
of other rain-forest trees species (Kinnaird et al.
1996; Thornton et al. 1996; Galindo-Gonzalez
et al. 2000; Shanahan et al. 2001b; Thornton et al.
2001; Guevara et al. 2004).

Our results have shown that there was little
reproductive seasonality in F. citrifolia despite the
strong environmental seasonality. This suggests
that there are strong selection pressures that
maintain the year-round flowering phenology in
figs. Year-round flowering has been described as
essential to allow mutualistic wasps to survive
continuously (Ramirez 1974). However, there is
no selective pressure on individual figs to main-
tain the wasp population, as fig wasps and fig trees
have conflicting evolutionary interests (Anstett
et al. 1997). As other Moraceae species show in-
tra-specific asynchrony with fruit production,
Milton (1991) presented an alternative interpre-
tation, suggesting that such asynchrony in Mora-
ceae—and  Ficus particularly—could have
evolved as a response from selective pressures
related to the efficient distribution of unusually
tiny seeds, which presumably require large light
gaps for successful establishment. However, the
selective pressures involved in the evolution of
such phenological pattern have not been investi-
gated (Anstett et al. 1997).

In this current study, we presented a pheno-
logical pattern that, to some extent, seems to be
linked to seasonal variations in the environment.
However, one should analyze Ficus species phe-
nologies that have wide latitudinal distributions
and compare their patterns so that such rela-
tionship could be better understood. In Kenya
(2°08" S), F. sycomorus presented a year-round
flowering pattern (Galil and Eisikowitch 1968b),
whereas in Namibia (23°34" S), fewer blossoming
individuals were observed during winter (Whar-
ton et al. 1980). In contrast, in the severe Israeli
(32°05" N) winter, F. sycomorus individuals were
nearly dormant and figs were hardly ever initiated
when temperatures went down below zero (Galil
and Eisikowitch 1968a). Thus, widely distributed
F. citrifolia seems to be a very suitable species to
carry out such wide-range and standardized study
on the relationship between climate and Ficus
phenology and its effect on the fig—fig wasp
mutualism.
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