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Sex Allocation of Females and Hermaphrodites in the Gynodioecious Geranium
sylvaticum
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Seed production and patterns of sex allocation were studied in female and hermaphroditic plants in two
gynodioecious populations of Geranium sylvaticum (Geraniaceae). Females produced more ¯ower buds and
seeds than hermaphrodites in one of the two study populations. The other female traits measured (pistil biomass,
seed number per fruit, individual seed mass) did not differ between the gender morphs. The relative seed ®tness
of hermaphrodites differed between the study populations, with hermaphrodites gaining less of their ®tness
through female function in the population with a high frequency of females. However, the amount and size of
pollen produced by hermaphrodites did not differ between populations. The number of ¯ower buds was
positively correlated with seed production in females, whereas in hermaphrodites a positive correlation between
number of buds and seed production was found in only one of the two study populations. These results suggest
that ®tness gain through female function is labile in hermaphrodites of this species, and is probably affected by
environmental factors such as the sex ratio of the population. ã 2003 Annals of Botany Company
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INTRODUCTION

Most angiosperms are hermaphrodites and achieve their
®tness on average equally through male and female function
(Lloyd and Bawa, 1984). Only a small proportion of
angiosperm species are gynodioecious, i.e. female and
hermaphroditic individuals co-occur in the same popula-
tions (Lloyd and Bawa, 1984). Female and hermaphroditic
individuals in gynodioecious species may differ in size
(Eckhart, 1992; Williams and Fenster, 1998), and there are
often differences in ¯ower morphology between the
genders. Pistillate ¯owers are usually smaller than perfect
¯owers (Vaarama and JaÈaÈskelaÈinen, 1967; Kohn, 1988;
AÊ gren and Willson, 1991; Ashman and Stanton, 1991;
Williams et al., 2000; Vaughton and Ramsey, 2002) and
produce nectar with lower sugar concentration (Ashman and
Stanton, 1991). Dissimilarities between the gender morphs
may, in turn, lead to differences in resource allocation
between vegetative and reproductive parts.

The genders of a gynodioecious species gain their ®tness
in different ways, females through ovules and hermaphro-
dites through both ovules and pollen. This difference in
allocation pattern affects the relative ®tness and perform-
ance of the gender morphs in a population. Fundamentally,
females have to compensate for the lack of male function
to be maintained in a population, otherwise they transmit
their genes only half as frequently as hermaphrodites
(Charlesworth and Charlesworth, 1978). Females may
gain additional advantage by avoiding inbreeding depres-
sion because their ¯owers are obligatorily outcrossed
(Charlesworth and Charlesworth, 1978), thus they may

produce seedlings of higher quality compared with those of
the hermaphrodites (Shykoff, 1988; Ashman, 1992; Wolfe
and Shmida, 1997). Females may also achieve higher ®tness
by producing more seeds if resources not used for pollen
production are allocated to female function (Darwin, 1877;
Atlan et al., 1992; Ashman, 1994). Indeed, females are
reported to produce more seeds than hermaphrodites in
several gynodioecious species (Shykoff, 1988; Kohn, 1989;
Delph, 1990; AÊ gren and Willson, 1991; Delph and Lloyd,
1991; Eckhart, 1992; Klinkhamer et al., 1994; Koelewijn,
1996; Sakai et al., 1997; Williams et al., 2000). However,
this has not been observed in all species studied, and the
species used in this study, Geranium sylvaticum, has been
cited as an example of a case in which females do not
produce more seeds than hermaphrodites (Vaarama and
JaÈaÈskelaÈinen, 1967).

Females of gynodioecious species are usually constant in
their sex expression, whereas hermaphrodites are more
labile (Delph and Lloyd, 1991). Hermaphrodites can modify
their reproductive allocation by investing varying amounts
of resources between seed and pollen production, hence
functioning sometimes more as males and sometimes more
as females (Delph and Lloyd, 1991; Atlan et al., 1992). Sex
allocation theory predicts a trade-off between male and
female function in hermaphrodites (Charnov, 1982), which
affects their sex expression and reproductive output.
Hermaphrodites are presumed to allocate more resources
to the sex function that produces higher ®tness gain
(Charnov, 1982), i.e. allocation to pollen production should
be high if ®tness gain through seed production is low.

In this study we focused on the differential sex allocation
patterns of female and hermaphroditic individuals of the* For correspondence. Fax + 46 8 608 4510, e-mail satu.ramula@sh.se
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gynodioecious Geranium sylvaticum. Using two popula-
tions that are closely situated but differ in habitat and sex
ratio, three speci®c questions were addressed. First, are
there differences in seed production and biomass allocation
to female function between the genders? Secondly, is there a
difference in pollen production in hermaphrodites between
the populations? Thirdly, is there a difference in ¯ower bud
production between the genders, and how is ¯ower bud
production related to reproductive output in females and
hermaphrodites?

MATERIALS AND METHODS

Study species

Geranium sylvaticum is a gynodioecious, self-compatible
(Vaarama and JaÈaÈskelaÈinen, 1967), common perennial herb
that occurs in deciduous forests, moist meadows and
roadsides in most parts of Europe. Populations of
G. sylvaticum may contain hermaphroditic plants with ten
functional stamens per ¯ower, female plants with rudimen-
tary stamens or intermediate plants with one to nine
functional stamens in their ¯owers (Vaarama and
JaÈaÈskelaÈinen, 1967). Plants with several types of ¯owers
also occur, i.e. there may be intermediate and female
¯owers on the same individual (S. Ramula, pers. obs.).
Female frequency varies from 0´4 to 27´2 % among
populations in Finland (Asikainen and Mutikainen, 2003).
A ¯owering plant consists of a rosette of hairy basal leaves
with long petioles, and from one to several ¯owering shoots,
up to 50 cm tall, each bearing a dichasium of several to
many ¯owers. Flower buds are formed in the year before
¯owering (AÊ gren and Willson, 1994). In the study area,
G. sylvaticum plants ¯ower in June and July for approx.
3 weeks; the colour of ¯owers varies from purple to white.
Fruits are 5-carpellate and seeds are dispersed through
explosive dehiscence 3±4 weeks after pollination. Fruits
may contain up to ®ve seeds (AÊ gren and Willson, 1994),
although there are ten ovules per ¯ower (P. Mutikainen,
pers. obs.). Perfect ¯owers are protandrous, hence the
stigmas open after anthesis, which reduces the probability of
autogamous self-pollination. Flowers are visited by gener-
alist bees, bumblebees and syrphid ¯ies (S. Ramula, pers.
obs.).

Study populations

The study was performed in two open-pollinated
G. sylvaticum populations on Seili island, SW Finland
(60°N, 22°E) during summer 2000. Population 1 occurs in a
mixed forest patch and consists of 1120 individuals,
whereas population 2 is situated in a meadow next to a
forest edge and consists of 703 individuals; the proportions
of females are 23´0 and 9´2 %, respectively. The populations
are situated approx. 300 m apart and are separated by a
dense conifer forest. Herbaceous vegetation in both habitats
is quite similar consisting of, for example, Anthriscus,
Phleum and Urtica species. There was a slight phenological
difference between the populations, with population 1

starting to ¯ower in the ®rst week of June, whereas
population 2 began ¯owering a week later. Seeds also
ripened 1 week later in July in population 2 compared with
population 1. As a result of the forest barrier and the
difference in ¯owering phenology, gene ¯ow between the
populations is likely to be limited. However, the populations
may be considered as subpopulations of one G. sylvaticum
metapopulation on Seili island because of their close
location.

Female allocation

To measure biomass allocation to female function, a total
of 20 female and 40 hermaphroditic plants per population
was randomly selected and marked when the ®rst ¯ower was
opening (in the ®rst and second weeks in June for
populations 1 and 2, respectively). Thus, all of the marked
individuals were at the same phenological stage at the
beginning of the experiment. At the same time, the number
of ¯ower buds was recorded to be used later as a covariate in
statistical analyses to exclude the effect of plant size. The
selected plants consisted of one to six ¯owering shoots.

For each of 20 female and 20 hermaphroditic marked
plants, the ®rst three ¯owers to open were collected. The
¯owers were bagged before collection to prevent visitation
by pollinators. On females, ¯owers were collected when
their styles had elongated but before the ®ve stigma lobes
had opened. On hermaphroditic plants, ¯owers were
collected when they were at anthesis. Bags were removed
after ¯ower collection, hence they did not disturb pollin-
ation of other ¯owers on the plant. The pistils were
separated from the ¯owers in the laboratory and were
dried at 65 °C for 48 h and weighed to the nearest 0´01 mg.
The mean of the three pistils of each individual was used in
the statistical analyses.

All marked female plants and 20 of the marked
hermaphroditic plants were bagged after ¯owering and
pollination to measure total seed production. The hermaph-
roditic plants used differed to those used to measure pistil
biomass. Before bagging, the ®rst three opened ¯owers on
each hermaphroditic plant were removed so that they had
been treated the same as female plants. Three randomly
selected fruits were subsequently collected from each
bagged plant, and the average seed number per fruit was
calculated for both genders. The fruits were collected in
July, approx. 4 weeks after ¯owering, when the seeds had
ripened. Seeds were dried at room temperature (20 °C),
counted, and weighed to the nearest 0´01 mg. The average
mass of an individual seed was determined by dividing the
total seed mass of undamaged seeds by the number of
undamaged seeds produced per plant. Seeds damaged by
seed predators were excluded when analysing individual
seed mass.

Differences in female allocation between the genders
were determined by comparing seed production of females
with that of hermaphrodites. Seed number per fruit,
individual seed mass and pistil biomass were also compared
between the gender morphs. Furthermore, to study the
female investment of hermaphrodites in relation to that of
females, the relative seed ®tness of hermaphrodites was
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calculated in both populations by dividing the average seed
production of hermaphrodites by the average seed produc-
tion of females. When the seed ®tness of females and hermaph-
rodites is equal, the relative seed ®tness of hermaphrodites
equals one. The present estimate of relative seed ®tness is
based on seed production only because the performance of
the resulting seedlings was not measured. However, this
estimate gives a realistic picture of relative seed ®tness
because no difference in germination or juvenile survival
has been observed between seedlings produced by female
and hermaphroditic individuals of G. sylvaticum (Asikainen
and Mutikainen, 2003).

Pollen production in hermaphrodites

To measure pollen production, the ®rst three opened,
bagged ¯owers were collected from each of 20 hermaph-
roditic plants per population. There were ten functional
stamens in each ¯ower collected. The hermaphroditic plants
and ¯owers used for this purpose were the same as those
used in the measurement of pistil biomass (see above). For
each plant, ten anthers in total were collected from the three
¯owers; these anthers were immediately stored in 0´5 ml
ethanol in an Eppendorf tube to release the pollen grains
(Kearns and Inouye, 1993). The total amount of pollen
produced by each plant was determined using a haemo-
cytometer. The haemocytometer slide was ®lled with a
subsample of pollen suspension (from all ten anthers) and
the number of pollen grains per grid was counted under a
microscope. The procedure was repeated three times for
each pollen sample. Since the haemocytometer slide holds a
standard quantity of liquid, it is possible to determine the
total number of pollen grains in a known volume of pollen
suspension (Kearns and Inouye, 1993). Therefore, the total
number of pollen grains was estimated in the 0´5 ml pollen
suspension, based on the three subsamples, to give the
number of pollen grains per ¯ower (i.e. ten anthers). That
amount of pollen was then multiplied by the number of
¯ower buds produced by a hermaphroditic plant to give the
total number of pollen grains produced per plant. It was
assumed that the number of ¯ower buds in each plant equals
the number of ¯owers each containing ten functional
stamens. The size of pollen grains was measured under a
compound microscope (magni®cation 340) by measuring
the diameter of three pollen grains per plant to the nearest
micrometre. The means of the three replicates for amount
and size of pollen per plant were used in the statistical
analyses.

Flower bud production and reproductive output

The difference in ¯ower bud production between genders
was studied. Furthermore, the relationship between the
number of ¯ower buds and reproductive output was studied
separately for each gender in both populations. Correlations
were calculated between the number of ¯ower buds and
amount of seed produced for both genders, and between
¯ower buds and pollen production for hermaphrodites.

Data analyses

The effects of gender, population and their interaction on
pistil biomass, total seed production, seed number per fruit
and individual seed mass were analysed with mixed-model
two-way analyses of covariance (ANCOVAs) using the
number of ¯ower buds as a covariate to exclude the effect of
plant size. Gender was treated as a ®xed factor and
population as a random factor. The population 3 gender
interaction was used as the error term for gender (Zar,
1984). Total seed production was square-root transformed
to normalize the distributions of residuals. Owing to the
somewhat heterogeneous variances after the transformation,
non-parametric Wilcoxon tests were performed by using
population and gender separately as a class factor; however,
these results were qualitatively identical to the results of
parametric ANCOVA. We preferred the parametric
ANCOVA because it was possible to include the population
3 gender interaction in the model; therefore, only the
results of the ANCOVA are presented here. Since the
population 3 gender interaction was signi®cant for total
seed production, pairwise comparisons between the genders
were performed separately for the two populations using
two-tailed t-tests.

One-way ANCOVAs were run to examine differences in
pollen production of hermaphrodites between the popula-
tions. Size and number of pollen grains were used as
dependent variables, population as an independent variable,
and the number of ¯ower buds as a covariate. Pollen grain
size was square-root transformed and the number of pollen
grains was natural-log transformed to normalize the distri-
butions.

A mixed-model two-way ANOVA was conducted to test
for differences in the number of ¯ower buds between the
genders and populations. Gender was treated as a ®xed and
population as a random factor. Population 3 gender
interaction was used as the error term for gender (Zar,
1984). The number of ¯ower buds was natural-log trans-
formed.

Type III sums of squares were used in all ANCOVAs and
ANOVA. Normality of the data was checked with Shapiro±
Wilks' test, and homogeneity of the variances with
Levene's test. The number of ¯ower buds was used as a
covariate in all ANCOVAs to exclude the effect of plant
size. Possible interactions between the covariate and main
factors were studied for each model; because none of the
covariate 3 main factor interactions was signi®cant, they
were removed and the number of ¯ower buds was included
as a covariate.

To study the relationship between the number of ¯ower
buds and reproductive output, correlation coef®cients were
calculated. Due to the heterogeneous data (F-test),
Spearman's rank correlations were calculated between the
number of ¯ower buds and seed production separately for
females and hermaphrodites in both populations. In add-
ition, Spearman's correlations were calculated between the
number of ¯ower buds and pollen production for hermaph-
rodites in both populations. The signi®cance of the correl-
ations was adjusted by sequential Bonferroni corrections

Ramula and Mutikainen Ð Sex Allocation in Geranium sylvaticum 209



(Rice, 1989) treating the correlations of the two populations
as two separate data sets.

All data were analysed using the SAS Statistical Package
(SAS 8.1). In the ®gures and tables, all means and standard
errors are presented in the untransformed scale. In both
populations, one female plant died before the seeds were
ripe, thus these females were included in the analysis of
pistil biomass only.

RESULTS

Female allocation

Plants in population 1 produced heavier pistils than plants in
population 2 (F1,75 = 6´10, P = 0´0158). Pistil biomass did
not differ between the genders (F1,75 = 17´02, P = 0´1514)
(Table 1).

There was no difference in total seed production between
the populations (F1,73 = 0´70, P = 0´407) or between the
genders (F1,73 = 2´73, P = 0´347), but the population 3
gender interaction was signi®cant (F1,73 = 7´94, P = 0´006)
(Fig. 1). When plant size was controlled for, females
produced 3´3 times more seeds than hermaphrodites in
population 1 (Fig. 1). In population 2, the seed production of
females was only 1´2 times higher than that of hermaph-
rodites (Fig. 1). The relative seed ®tness of hermaphrodites
was more than 2´5 times lower in population 1 than in
population 2 (0´31 and 0´81, respectively). Two hermaph-
roditic plants in population 2 failed to produce any seeds
although they produced ¯ower buds normally; these plants
were also included in the analyses. Seed number per fruit
and individual seed mass did not differ between the
populations (F1,69 = 1´10, P = 0´299 and F1,71 = 0´81,
P = 0´372, respectively) or between the genders (F1,69 = 8´25,
P = 0´213 and F1,71 = 4´84, P = 0´272, respectively)
(Table 1).

Male allocation

There was no difference in pollen grain size and pollen
production of hermaphroditic plants between the popula-
tions (F1,37 = 1´32, P = 0´258 and F1,37 = 0´91, P = 0´347,
respectively) (Table 1).

Flower bud production and reproductive output

The number of ¯ower buds did not differ signi®cantly
between the genders (F1,76 = 0´19, P = 0´738), but plants in

population 1 produced more ¯ower buds than plants in
population 2 (F1,76 = 14´30, P = 0´0003). There was also a
signi®cant population 3 gender interaction (F1,76 = 5´73,
P = 0´019): females produced more ¯ower buds than
hermaphrodites in population 1, whereas in population 2 the
difference was not signi®cant (Fig. 2).

In females, the number of ¯ower buds and seed produc-
tion correlated positively in both populations, whereas in
hermaphrodites the number of ¯ower buds correlated

TABLE 1. Reproductive allocation for females and hermaphrodites in two Geranium sylvaticum populations

Population 1 Population 2

Females Hermaphrodites Females Hermaphrodites

Pistil biomass (mg) 1´6 (0´09, 20) 1´7 (0´09, 20) 1´3 (0´09, 20) 1´4 (0´10, 20)
Seeds per fruit 3´4 (0´23, 17) 3´2 (0´23, 20) 3´8 (0´21, 19) 3´4 (0´25, 18)
Seed mass (mg) 4´5 (0´17, 19) 4´4 (0´21, 20) 4´7 (0´21, 19) 4´6 (0´18, 18)
Pollen grain size (mm) ± 32´7 (0´37, 20) ± 33´1 (0´30, 20)
Pollen number per plant ± 241 369 (78 632, 20) ± 215 066 (25 256, 20)

Values are plant size-adjusted least-square means; standard error and number of replicates are given in parentheses.

F I G . 1. Total seed production of hermaphroditic (unshaded bars) and
female (shaded bars) Geranium sylvaticum individuals in two populations
(plant size-adjusted least-square mean plus s.e.). *** Signi®cant
difference between females and hermaphrodites at P < 0´0001; n.s.,

P > 0´05 using a two-tailed t-test.

F I G . 2. Number of ¯ower buds of hermaphroditic (unshaded bars) and
female (shaded bars) Geranium sylvaticum individuals in two populations
(least-square mean plus s.e.). * Signi®cant difference between females

and hermaphrodites at P < 0´05; n.s., P > 0´05 using a two-tailed t-test.
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positively with seed production only in population 2
(Table 2). There was no correlation between the number
of ¯ower buds and pollen production of hermaphrodites in
population 2. In population 1, there was a weak positive
correlation between the number of ¯ower buds and pollen
production; however, this trend disappeared after sequential
Bonferroni correction (Table 2).

DISCUSSION

The aim of this study was to examine sex allocation patterns
in female and hermaphroditic individuals of the gyno-
dioecious Geranium sylvaticum. According to our results,
the genders allocated different amounts of resources to
female function depending on the population, i.e. there was
a signi®cant population 3 gender interaction for seed
production. The number of ¯ower buds correlated positively
with seed production in females, but in hermaphrodites the
relationship between ¯ower buds and reproductive output
was labile. The amount and size of pollen produced by
hermaphrodites did not differ between the populations.

Sex allocation

On average, total seed production was similar in the two
study populations but was distributed differently between
the genders. Females produced signi®cantly more seed in
population 1, where the seed production of females was 3´3
times higher than that of hermaphrodites. In population 2,
the genders produced almost equal numbers of seeds.
Theoretical models presume a seed production advantage
for females, and depending on the mode of sex determin-
ation, the advantage needed for the maintenance of females
in a population varies from slight to two-fold (e.g. Gouyon
and Couvet, 1987). The present results suggest that the
increased seed production by females may contribute
signi®cantly to their maintenance in some G. sylvaticum
populations. However, in accordance with previous studies
(Asikainen and Mutikainen, 2003), the present results also
indicate that among-population variation in relative seed
production is signi®cant and thus suggest that the relative
roles of seed ®tness, inbreeding depression and ecological
factors in the maintenance of females are likely to vary
signi®cantly among populations of G. sylvaticum.

We propose three potential explanations for the signi®-
cant interaction observed between population and gender
for seed production in the present study. First, pollen
limitation may have decreased the seed production of
females in population 2. Generally, seed production
decreases more in females than hermaphrodites under
pollen limitation (e.g. Maurice and Fleming, 1995).
Nevertheless, due to the high frequency of hermaphrodites
in population 2, pollen limitation seems to be an unlikely
explanation for the population 3 gender interaction ob-
served in seed production.

Secondly, differences in habitat quality between the
populations might explain the differences in seed produc-
tion between the genders. Habitat quality has been shown to
have a signi®cant impact on reproductive investment in
plants (e.g. Zimmerman and Lechowicz, 1982; Eckhart and
Chapin, 1997; Meyer, 2000; Stanton et al., 2000). In
gynodioecious species, females (Delph, 1990; Wolfe and
Shmida, 1997; Ashman, 1999) or hermaphrodites (Sakai
and Weller, 1991) have been observed to be more successful
in harsher environments; other studies report no differences
between the genders (Kohn, 1989). To our knowledge,
gender-speci®c habitat preferences have not been studied in
G. sylvaticum. Since the study populations were closely
situated and the herbaceous vegetation was quite similar in
both populations, the differences in gender-speci®c seed
production patterns between the populations were probably
not related to habitat quality.

The third possible explanation for the signi®cant inter-
action between population and gender in seed production is
based on the difference in population sex ratio. According to
Lloyd and Bawa (1984), the characteristics of other plants in
a population may affect ®tness gains of hermaphrodites
through seed and pollen production, which may lead to sex
modi®cation in hermaphrodites because of frequency-
dependent selection. When female frequency is high in a
population, sex allocation in hermaphrodites is proposed to
evolve towards the male function because hermaphrodites
receive higher ®tness through acting as pollen donors than
through producing seeds (Lloyd, 1976). In the present study,
the relative seed ®tness of hermaphrodites was remarkably
lower in population 1 than in population 2, suggesting that
hermaphrodites achieved less of their ®tness through female
function in the population with high female frequency
compared with the population with low female frequency.

TABLE 2. Correlations between ¯ower bud production and reproductive output for females and hermaphrodites in two
G. sylvaticum populations

Population 1 Population 2

rs P n rs P n

Females
Seed production 0´73 0´0004* 19 0´78 <0´0001* 19

Hermaphrodites
Seed production 0´24 0´3015 20 0´55 0´0113* 20
Pollen production 0´42 0´0593 20 0´03 0´8945 20

Spearman's correlation coef®cients that remain signi®cant (<0´05) after sequential Bonferroni corrections are indicated with an asterisk.
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This may indicate that the reproductive allocation and
®tness of hermaphrodites is affected by the population sex
ratio. This suggestion is further supported by the fact that
the seed ®tness of hermaphrodites correlates negatively with
the frequency of females in G. sylvaticum populations
(Asikainen and Mutikainen, 2003), as is also the case in four
other gynodioecious species (Delph, 1990; Wolfe and
Shmida, 1997; Ashman, 1999; Delph and Carroll, 2001).
In accordance with the sex allocation theory (Charnov,
1982), a higher allocation to male function in hermaph-
roditic plants could have been expected in population 1,
where the relative seed ®tness of hermaphrodites was low.
However, we did not ®nd any difference in pollen produc-
tion between the populations. Thus, differences in popula-
tion sex ratio did not affect the amount of male allocation in
hermaphrodites at the population level. Nevertheless, the
present estimate of pollen production is based on the three
®rst ¯owers of each plant only, and therefore pollen
production may be estimated incorrectly if it varies in
time within plants.

Females and hermaphrodites of G. sylvaticum produced
an equal number of seeds per fruit. In contrast to the results
of an earlier study by Vaarama and JaÈaÈskelaÈinen (1967) in
which hermaphrodites produced more and bigger seeds than
females, individual seed mass in the present study was very
similar in both genders. This con¯icting result may be
explained by the rather small sample size at the population
level or by the fact that Vaarama and JaÈaÈskelaÈinen (1967)
measured seed length and breadth, not seed biomass.
However, Asikainen and Mutikainen (2003) found that
seed mass varied signi®cantly among populations and years
but not between the genders in G. sylvaticum.

Flower bud production and reproductive output

Plants in population 1 produced more ¯ower buds
compared with plants in population 2. There was no
signi®cant difference between the genders in the number
of ¯ower buds produced, but female plants produced more
¯ower buds in population 1. Several other studies have
reported no difference between female and hermaphroditic
plants in the number of ¯ower buds or ¯owers produced
(AÊ gren and Willson, 1991; Klinkhamer et al., 1994; Sakai
et al., 1997; Wolfe and Shmida, 1997; Barrett et al., 1999),
although this is not always the case (Maki, 1996; Vaughton
and Ramsey, 2002).

In both populations a strong positive correlation was
observed between seed production and the number of ¯ower
buds produced by female plants. In hermaphrodites, a
signi®cant positive correlation was noted between the
number of ¯ower buds and seed production only in
population 2. There was no statistically signi®cant correl-
ation between the number of ¯ower buds and pollen
production in hermaphrodites, although the positive correl-
ation coef®cient was relatively high in population 1. It
might still be bene®cial for hermaphrodites to produce many
¯owers, even if not all of the ¯owers produce seeds, because
hermaphrodites may increase their male ®tness through
pollen donation (Sutherland, 1987) since the number of
pollinator visits increases with the number of ¯owers (e.g.

Willson and Price, 1977; Strauss et al., 1996).
Unfortunately, it was not possible to test for a trade-off
between male and female allocation in hermaphroditic
plants at the individual level because seed and pollen
production were not measured using the same hermaphro-
ditic individuals.

To conclude, signi®cant differences were observed in sex
allocation within and between the gender morphs and
between the two closely situated populations of G.
sylvaticum. The present results suggest that ®tness gain
through female function in hermaphrodites in this gyno-
dioecious species is labile, and they show that it may vary
over a limited spatial scale.
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