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ABSTRACT

This study documents the comparative success of seeds and seedlings of the perennial gyno-
dioecious-gynomonoecious weed, Silene vulgaris, in the greenhouse. The importance of exper-
imental design is stressed by comparing two different statistical analyses of the data. Seeds were
obtained from artificial pollinations in the field: self-fertilization of hermaphrodites, and cross-
fertilizations of both hermaphrodites and females. One-way analysis of variance using progeny
type (selfed hermaphrodites, outcrossed hermaphrodites, and outcrossed females) as the treat-
ment effect for each seed and seedling variable showed statistically discernable differences among
progeny from different cross types. The significance of this type of ANOVA resulted from a
reduced error term and positively-biased F ratios. A factorial design showed no significant
differences due to type of progeny in seed mass, days to germination, leaf number, area, or
biomass at six weeks of age. There were, however, significant differences among seeds attributable
to maternal parent for all seed and seedling variables. A higher proportion of seeds from
outcrossed individuals germinated compared to that from self-fertilization. When the data were
analyzed to include and partition all sources of variation, differences among offspring appeared
during germination, rather than during later development. Seed mass, cross type, and sex of
maternal parent all significantly affected the likelihood of germination; however, they had
decreasing predictive power, respectively. Inbreeding depression in Silene vuigaris may help
maintain gynodioecy; however, the pleiotropic effects of both nuclear and cytoplasmic genes

for sex expression also may affect fitness and the maintenance of females.

THE TERM “‘gynodioecious” was used by Dar-
win (1877) for Thymus serpyllum to describe
the occurrence of females and hermaphrodites
within the same population of a plant species.
Since that time, many hypotheses have at-
tempted to explain the occurrence of two dif-
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ferent forms of breeding individuals within the
same population. If sex expression is controlled
by nuclear inheritance, females are at a selec-
tive disadvantage relative to hermaphrodites
due to their loss of male function. Compen-
sation must exist that enables females to sur-
pass hermaphrodites in some component(s) of
fitness (Lewis, 1941; Lloyd, 1975, 1976; Ross,
1978; Charlesworth and Charlesworth, 1978;
Charlesworth, 1981). Reported advantages of
females over hermaphrodites include greater
numbers of flowers per plant, ovules per flower,
adult survivorship, seeds per plant, greater seed
weight, or progeny success (Darwin, 1877; Con-
nor, 1973; Assouad et al., 1978; Philipp, 1980;
Kesseli and Jain, 1984; Van Damme and Van
Delden, 1984; Schrader, 1986; Shykoff, 1988).

Hypotheses used to explain the evolution
and maintenance of gynodioecy are of two gen-
eral types—those dealing with the adults and
those dealing with the progeny. First, adult
females may exhibit greater fitness than her-
maphrodites due to overdominance (Ross,
1978; Gregorius, Ross, and Gillet, 1982; Van
Damme, 1984) or to pleiotropic action of genes
forsex, i.e., direct effects of genetic factors caus-
ing sterility on progeny fitness (Van Damme,
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1984). As adults, rather than a genic advantage
per se, females may reallocate resources saved
due to male sterility and exhibit greater fecun-
dity (Darwin, 1877), greater longevity (Van
Damme, 1984), greater vegetative spread (Ste-
vens and Richards, 1985), or greater colonizing
ability (Gouyon and Couvet, 1985).

The second general class of hypotheses posed
to explain the maintenance of females among
hermaphrodites deals with the relative success
of offspring from females and hermaphrodites.
Gynodioecy is typically associated with self-
compatibility (Lewis, 1941; Jain, 1961; Val-
deyron, Dommée, and Valdeyron, 1973; Gan-
ders, 1978). In self-compatible taxa, females
are obligately outcrossed; hermaphrodites may
self-fertilize. Empirical and theoretical studies
hypothesize that female plants are maintained
in a population among hermaphrodites due to
the greater fitness conferred on the progeny
from obligate outcrossing of unisexual mothers
(Lewis, 1941; Valdeyron et al., 1973). The
progeny of females, produced by obligate out-
crossing, may exhibit heterosis or avoid in-
breeding depression (Valdeyron et al., 1973;
Dommée and Jacquard, 1985). Such work has
dealt with seed number and seed mass (Vaa-
rama and Jaidskeldinen, 1967; Connor, 1965,
1970; Webb, 1981; Schrader, 1986). Differ-
ences in seed number between the sexes, how-
ever, do not always explain the maintenance
of male sterility. Van Damme and Van Delden
(1984) stress the importance of different phases
of the life cycle as sources of fitness differences
between the sexes.

This study documents the comparative suc-
cess of seeds and seedlings of the perennial
weed, Silene vulgaris (Moench) Garcke (Car-
yophyllaceae), in a controlled environment. We
observed germination and seedling morphol-
ogy and biomass, and related these characters
to seed mass, type of cross, and sex of the
maternal parent. If gynodioecy is adaptive be-
cause it promotes outcrossing, we hypothe-
sized that the progeny of females and those
resulting from cross-fertilized hermaphrodites
would be more successful in germination or
(gir.owth than those from selfed hermaphro-

1tes.

STUDY ORGANISM— Silene vulgaris (Moench)
Garcke (Silene cucubalus sensu accut non Wi-
bel) is an herbaceous, perennial member of the
Caryophyllaceae, widely distributed in Europe,
Asia, North Africa, and North America. This
weedy introduced taxon occurs throughout
North America, from north of the Arctic Circle
south into the southern Great Plains, and west
from the eastern seaboard to the intermountain
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region and the northwestern United States
(Shetler and Skog, 1978). This species is pres-
ent in a variety of disturbed habitats, including
zinc-lead mine wastes (Lefebvre and Simon,
1979) and gravel banks (Lubke and Cavers,
1970). Diploid and tetraploid populations exist
(Morrisset, 1966). Considerable variation in
plant growth form has been reported (Aeschi-
mann and Bocquet, 1980), including stolonif-
erous tetraploids in Israel (Dulberger and Ho-
rovitz, 1984). Within populations, three types
of individual may occur: hermaphrodites bear-
ing perfect flowers, females bearing only pis-
tillate flowers with rudimentary anthers, and
gynomonoecious plants having both forms of
flowers, varying in degree of male function.
Based on the published literature and five years
of personal observation, individuals do not
change sex.

MATERIALS AND METHODS— This study was
based at the Universiy of Michigan Biolog-
ical Station at Douglas Lake, Pellston, in
northern lower Michigan (45°33'30.370"N,
84°40'27.516"W, Cheboygan Co., T37N, R3W,
Sec. 33). The data presented were collected
from plants randomly selected from over 250
permanently tagged individuals in disturbed
sites on UMBS grounds. During 1985, we ob-
tained seeds from selfed hermaphrodites, out-
crossed hermaphrodites, and outcrossed fe-
males by artificially pollinating individuals in
natural stands at UMBS. Natural pollinations
were prevented by excluding pollinators with
fine mesh bags. Although hermaphrodites are
strongly protrandrous, these individuals were
emasculated to prevent autogamy. Outcrossed
individuals received mixed pollen loads, col-
lected immediately prior to hand pollination
from at least five other individuals within a 1
ha area of the parent. Care was taken to fully
load receptive stigmas uniformly and mini-
mize the effects of mixed genotype interactions
and pollen abundance on seed set. Seeds and
capsules matured on the maternal parent and
then were harvested. A sample of twenty seeds
was selected without bias from each plant.
Twenty seeds were similarly selected from those
same seven hermaphrodites which had been
crossed and selfed, and from six different fe-
male plants, also cross-pollinated. Seeds were
stored at room temperatures for seven months
in manila envelopes after harvest.

Four hundred seeds were weighed individ-
ually to the nearest 0.0001 mgon a Cahn Model
26 Electrobalance (Cerritos, CA)and randomly
arrayed with respect to sex of maternal parent,
type of cross, and parental genotype in styro-
foam cups filled with a 50:50 mix of sand, peat
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TABLE 1. Analysis of variance table comparing mean seed mass among groups of progeny from selfed hermaphrodites,

outcrossed hermaphrodites, and outcrossed females

Source Sum of squares df Mean squares F P
Group 1.1201 2 0.5605 3.00 0.0862
Parent (group) 2.8257 16 0.1766 12.99 0.0001
Seed 0.1090 7 0.0156 0.65 0.7093
Seed = group 0.3347 14 0.0239 1.76 0.0536
Seed + parent (group) 1.5268 112 0.0136
Total 5.8867 151

and vermiculite (“peat-lite,” Redi Earth, W.
R. Grace Co.). Each seed was sown on a thin
layer of builders’ sand for visibility. Cups were
placed in an unshaded temperature controlled
greenhouse, 22/18 C day/night, 9/15 hr light/
dark cycle. The dark period was interrupted
between 1100 and 0200 with 550-600 lux from
incandescent filament lamps. For the first three
weeks, all seedlings were misted one minute
every 15 min under shade cloth and received
a nutrient solution of 50:50 modified Hoag-
land’s : deionized water (Downs and Thomas,
1983). After three weeks, the shade cloth was
removed; water was decreased slowly to one
minute of mist three times daily. The experi-
ment began on 15 April 1986 when seeds were
sown and ended after six weeks on 30 May
with harvest of aboveground parts of the plants.

For the seeds which germinated, number of
leaves per week, height of the plant, leaf area,
and biomass of the seedling at the end of six
weeks were recorded. The number of expanded
leaves was counted. Leaf area was determined
by separation of each leaf from the plant and
calculated to the nearest 0.01 cm? using a Li-
Cor leaf area meter. Aboveground parts were
dried for 24 hr at 70 C and weighed to the
nearest 0.0001 g.

Analysis—Three types of progeny were rep-
resented: those obtained from selfed her-
maphrodites, outcrossed hermaphrodites, and
outcrossed females. Data were analyzed with
ANOVA using seed mass and other seedling
characters as dependent variables, and progeny
type and seeds within parent as treatment vari-
ables. We used a split-plot factorial design (also
known as a randomized block design with rep-
lication, Kirk, 1982) where progeny type rep-
resented the group variable and seed acted as
a replication. This design is appropriate for
repeated measures (seeds) for each subject (ma-
ternal parent) when subjects are nested within
treatments (progeny type). We specified the
variation among seeds to represent a random
effect; as a result, a quasi-F ratio (Kirk, 1982)

was calculated for the group effect (progeny
type). We also deleted from the analysis one
female parent having only one of the twenty
seeds germinate. To balance the design, we
randomly selected eight progeny that survived
the six weeks of the study from the twenty seeds
for each cross. This random selection of eight
replicates for each parent and cross combi-
nation was repeated several times. The means
and standard errors for these data are essen-
tially the same as those in the larger data set.
As a result, in all cases, the conclusions from
the split-plot factorial ANOVA were the same.
Means of the three groups (selfed hermaph-
rodites, outcrossed hermaphrodites, and out-
crossed females) also were compared using a
one-way analysis of variance. Each seed was
treated as a replicate of one of the three types
of progeny and no nesting or blocking of seeds
within maternal parents was done. In both de-
signs, we used transformations to meet as-
sumptions of normality and homoscedasticity
where necessary.

REsuLTS—The average mass of individual
seeds did not differ among progeny types (P =
0.0862) nor within replicate seeds of a cross
(P = 0.7093, Table 1). No significant inter-
action among progeny type, maternal parent
and/or seed was observed. Similarly, the dif-
ferent groups of progeny produced could not
be statistically discerned using this analysis for
the number of days until germination (Table
2), number of leaves per seedling at six weeks
(Table 3), total leaf area (Table 4), or total
aboveground biomass (Table 5). There was
some concern about the normality of the vari-
ables days until germination, leaf number, and
leafarea. The ANOVA of the transformed data,
however, yielded the same results. In short,
there were no significant differences due to any
of the treatment variables. There was, how-
ever, a significant difference due to maternal
parent for each of the dependent measures
among those plants that survived for six weeks.
We concluded that the type of cross is not likely
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TaBLE 2. Analysis of variance table comparing mean days to germination among groups of progeny from selfed
hermaphrodites, outcrossed hermaphrodites, and outcrossed females

Source Sum of squares daf Mean squares F P
Group 17.693 2 8.847 0.41 0.6707
Parent (group) 314.136 16 19.634 2.96 0.0004
Seed 64.116 7 9.159 1.10 0.4143
Seed + group 116.668 14 8.330 1.25 0.2503
Seed - parent (group) 737.293 112 6.643
Total 1,249,906 151

to affect these variables for those progeny that
germinate. Differences among progeny success,
however, were in part due more to differences
among maternal genotype than to differences
in sex of maternal parent or type of mating.

We then compared germinability of seeds in
each of the three types of crosses. A test for
the equality of proportion of seeds germinating
from each class of progeny indicated that a
different proportion of germination occurred
for each group (x2 = 14.35,df = 2, P < 0.001,
Table 6). Progeny from outcrossed hermaph-
rodites were more likely to germinate than those
from selfed hermaphrodites (x> = 14.53, df =
1, P < 0.001). Specifically, 76% of the seeds
from selfed hermaphrodites, 93% from the out-
crossed hermaphrodites, and 83% from out-
crossed females germinated.

To assess the relative effects of seed mass,
parent sex, and type of cross on germination,
we implemented a logistic regression. A logistic
regression is appropriate when the dependent
variable exists as a binary character state, i.e.,
whether or not germination occurred. Ger-
mination was the dependent variable (no or
yes), and seed mass, sex of maternal parent (0
= hermaphrodite, 1 = female), and cross type
(0 = outcrossed, 1 = selfed) were the predictor
variables. All three of these variables were re-
lated to the likelihood of germination (Table
7). From the magnitude of the x? values, we
can assess the predictive power of each of the
variables. Seed mass, cross type, and sex of
maternal parent, respectively, were decreas-
ingly effective in predicting whether a seed ger-

minated. Larger seeds were more likely to ger-
minate than smaller ones. Seeds from
outcrossed hermaphrodites were more likely
to germinate than those from females or selfed
hermaphrodites. Based on the logistic regres-
sion and using mean seed mass as a typical
value, we estimated that the likelihood of ger-
mination was 0.827 for seed from selfed her-
maphrodites, 0.950 for outcrossed hermaph-
rodites, and 0.906 for outcrossed females.

A one-way ANOVA was performed on each
of the five seed and seedling variables to com-
pare this design with the more complex split-
plot factorial. We used the three types of prog-
eny as group effects and seeds within these
progeny types as replication. We transformed
data where appropriate to meet the assump-
tions of ANOVA. Duncan’s, Student-New-
man-Keuls, and Scheffé’s a posteriori contrasts
were used to determine whether the three prog-
eny classes differed from one another. This
approach to the data analysis resulted in strik-
ingly different conclusions than those gener-
ated from the 3,20 split-plot factorial design.
The one-way analysis demonstrated significant
differences among progeny types for seed mass,
days until germination, leaf number, leaf area,
and aboveground biomass (Table 8). The means
and standard deviations reported for the vari-
ables in Table 8 are essentially the same as
those for variables in Tables 1-5. The one-way
ANOVA would have us conclude that seeds
from outcrossed females were significantly
heavier than those from either mating of her-
maphrodites. Similarly, using a one-way de-

TABLE 3. Analysis of variance table comparing mean number of leaves among groups of progeny from selfed her-
maphrodites, outcrossed hermaphrodites, and outcrossed females

Source Sum of squares df Mean squares F P
Group 26.4308 2 13.2154 0.53 0.5885
Parent (group) 372.0430 16 23.2529 2.87 0.0006
Seed 151.0981 7 21.5854 2.38 0.0793
Seed » group 126.7659 14 9.0547 1.12 0.3485
Seed + parent (group) 908.1292 112 8.1083
Total 1,611.4670 151
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TABLE 4. Analysis of variance table comparing mean leaf area among groups of progeny from selfed hermaphrodites,

outcrossed hermaphrodites, and outcrossed females

Source Sum of squares df Mean squares F P
Group 137.019 2 68.5095 1.40 0.2782
Parent (group) 767.109 16 47.9443 3.04 0.0003
Seed 168.188 7 24.0269 1.43 0.2690
Seed + group 235.005 14 16.7861 1.06 0.4013
Seed * parent (group) 1,767.780 112 15.7838
Total 3,075.101 151

sign, we would conclude that progeny from
outcrossed females germinated more quickly
than those from selfed hermaphrodites, by
nearly one day. Seeds from selfed hermaph-
rodites produced seedlings that were signifi-
cantly inferior to other types of offspring with
respect to leaf number, leaf area, and above-
ground biomass.

DiscussioN—We observed significant dif-
ferences among progeny from selfed hermaph-
rodites, outcrossed hermaphrodites, and out-
crossed females of Silene vulgaris. When all
sources of variation were included, differences
in many characters among the three types of
progeny were attributable to differences among
mothers, not the type of mating. The likelihood
of germination in the bladder campion, at least
in the greenhouse, however, was related to
whether pollination is xenogamous or geito-
nogamous and sex of maternal parent.

Significant differences in seed mass occur
within Silene vulgaris. These differences, how-
ever, are found among maternal parents and
are not attributable to outcrossing or selfing.
In contrast to our results, mass or size of in-
dividual seeds from selfed hermaphrodites has
been reported to be less than those from cross-
fertilization (Connor, 1965, 1970; Schrader,
1986). Such differences, however, do not al-
ways occur (Vaarama and Jaiskeldinen, 1967,
Webb, 1981). While Darwin (1877) reported
seed mass from females was larger than that
from hermaphrodites in Euonymus europaeus,
Webb (1979) found no significant differences

in the same species. Furthermore, many stud-
ies do not account for variation within and
among plants relative to that among the types
of progeny.

Germinability of seeds in Silene vulgaris
seems to be favored by outcrossing, particu-
larly for progeny from females compared to
those from selfed hermaphrodites. Even when
the influence of seed mass was removed, type
of cross and sex of maternal parent were sig-
nificant predictors of whether a seed germi-
nated. Greater germination of seeds from
females relative to those from selfed her-
maphrodites has been found for other taxa
(Vaarama and Jaidskeldinen, 1967; Connor,
1973; Assouad et al., 1978; Schrader, 1986;
Shykoff, 1988). A greater percentage of seeds
from females may be more likely to germinate
than from selfed hermaphrodites, however, the
speed of germination (as germination rate or
days to germination) is often equal among par-
ent sexes and cross type (Vaarama and Jads-
keldinen, 1967; Schrader, 1986; Shykoff, 1988).

The maintenance of females among her-
maphrodites may relate to the success of their
offspring, particularly relative to inbred indi-
viduals. Other researchers have found progeny
from females are more successful than their
counterparts from hermaphrodites, particular-
ly from selfed individuals (Cortaderia rich-
ardii, Connor, 1973; Thymus vulgaris, As-
souad et al., 1978; Stellaria longipes, Philipp,
1980; Gingidia montana, Webb, 1981). Webb
(1981) and Connor (1973) reported larger
seedlings from females than hermaphroditic

TABLE 5. Analysis of variance table comparing mean biomass among groups of progeny from selfed hermaphrodites,

outcrossed hermaphrodites, and outcrossed females

Source Sum of squares df Mean squares F P
Group 0.00405 2 0.00053 1.29 0.3114
Parent (group) 0.00690 16 0.00043 2.15 0.0106
Seed 0.00153 7 0.00022 1.22 0.3546
Seed - group 0.00246 14 0.00018 0.90 0.5609
Seed + parent (group) 0.02284 112 0.00020
Total 0.03509 151
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TABLE 6. Contingency table comparing frequency of ger-
mination among progeny of selfed hermaphrodites,
outcrossed hermaphrodites, and outcrossed females

Germination

No Yes
Selfed hermaphrodites 33 107
Outcrossed hermaphrodites 10 130
Qutcrossed females 20 100

x* = 14.35; df = 2; P = 0.001.

parents. In both studies, however, cross type
was not controlled. Van Damme and Van Del-
den (1984), however, concluded that size of
seedlings in the self-compatible gyndioecious
Plantago lanceolata is independent of parent
sex. Although greater survivorship of out-
crossed progeny has been reported (Assouad
et al., 1978), such differences were only statis-
tically detectable in Silene acaulis three weeks
after germination (Shykoff, 1988).

Several theoretical models have concluded
that reduction of the fitness of selfed individ-
vals and the resultant inbreeding depression
may maintain females among hermaphrodites
(Valdeyron et al., 1973; Lloyd, 1975; Assouad
et al.,, 1978; Webb, 1981; Van Damme and
Van Delden, 1984; Charlesworth and Charles-
worth, 1978, 1987; Kesseli and Jain, 1984).
The corollary, heterozygote advantage for fit-
ness, also has been invoked as a possible mech-
anism for the maintenance of gynodioecy (Jain,
1961; Lloyd, 1975; Ross and Weir, 1976). In-
breeding depression has been documented or
suggested in selfed progeny of normally out-
crossed gynodioecious taxa (Ganders, 1978;
Kesseli and Jain, 1984; Sun and Ganders, 1986;
Sakai, Karoly, and Weller, 1989). We are re-
luctant to emphasize inbreeding depression ex-
clusively in the maintenance of gynodioecy in
Silene vulgaris at this time for several reasons.
First, the differences among progeny due to
pollen source are not significant if differences
among maternal parent are factored into the
design. Second, these data are from pollina-
tions of naturally occurring individuals; our
seedlings were not necessarily from inbred lines.
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Lastly, without genotype data and more con-
trolled male parentage, inbreeding depression
can only be invoked in the most general sense
and is indistinguishable from heterosis and
pleiotropic effects. We can, however, conclude
that offspring from hermaphrodites may be se-
lected against, at least with respect to germina-
bility. This slight selective advantage for fe-
males could maintain the equilibrium,
particularly if the sex expression is nucleo-
cytoplasmic (Charlesworth, 1981).

Empirical data do not consistently illustrate
differences between females and hermaphro-
dites, nor among their progeny, predicted by
theory. These inconsistencies relate to differ-
ences in biology among taxa, the relative sta-
bility of gynodioecy in the taxa, and our limited
understanding of this breeding system. We
present our work with Silene to illustrate that
design and analysis also can limit as well as
expand our understanding of plant mating sys-
tems.

The difference between the analysis based
on one-way (completely randomized) design
and that using the split-plot factorial design
lies in the calculation of the F statistic, com-
puted as sum of squares (SSQ) for treatment
divided by sum of squares for error. In the
simple one-way design, all variation among
seeds and seedlings is due to either group or
random variation. The treatment sum of
squares is actually composed of multiple
sources of variation—differences among the
type of cross, among the parents, and that due
to random variation. As a result, the F statistic
in a one-way design is positively biased; it is
too large due to the confounding of variation
among different plants within a given sex into
treatment sum of squares. This bias in the F
statistic would make one too likely to conclude
significant treatment differences due to cross
type. The split-plot factorial design takes these
sources into account and partitions them into
differences among seeds from a given cross and
among plants within a given sex.

Our analysis of the split-plot factorial design
leads us to conclude that differences in the
progeny from selfed and outcrossed sexes with-

TABLE 7. Logistic regression comparing seed mass, sex of maternal parent, and type of cross to the likelihood of
germination
Variable Regression coefficient SE of coefficient x? P
Seed mass 5.7550 0.7695 55.94 0.0000
Sex of maternal parent —-1.3110 0.4629 8.02 0.0046
Cross type ~1.5803 0.4181 14.28 0.0002
Intercept —1.7128 0.6279 7.44 0.0064

For all variables except the intercept, the regression coefficient is B, the slope of the regression line.
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TABLE 8. Means, standard deviations, sample sizes, and results of one-way analysis of variance for each of the five
variables. Different superscripts indicate significant differences (P < 0.05) among means

Variable X+ SD

Selfed hermaphrodites Outcrossed hermaphrodites

Outcrossed females F df

Seed mass
0.84463° + 0.24618 0.80935* =+ 0.16471
(140) (140)
Days to germination
12.6° + 3.021 12.0%® + 2.6
(105) (127)
Square root of leaf number
2.84° + 0.59 2.932 + (.52
(84) (115)
Leaf area (cm?)
6.9 + 4.0 9.00 + 4.4
(84) (115)
Square root of aboveground biomass
0.145> + 0.046 0.162* + 0.045

(84) (115)

0.91997= = 0.29306 7.20%%* 2, 397
(120)

11.6* + 2.3 3.95* 2, 328
9

3.04* = 0.50 3.37* 2, 293
o7

9.4 + 4.5 8.84%x* 2, 293
(96)

0.172® + 0.050 7.54%%* 2, 293

97

*P < 0.05;* P =< 0.01; ** P < 0.001.

in Silene vulgaris occur only within the early
life history of the seedling, i.e., whether the
seed germinates. Other gynodioecious taxa also
exhibit differences in progeny from the differ-
ent sexes early in development (Bonnemaison,
Dommeée, and Jacquard, 1979; Philipp, 1980;
Couvet, Bonnemaison, and Gouyon, 1986). In
order to balance the design, we used only those
individuals that persisted during the entire ex-
periment. Differences in survivorship may ex-
ist among the different types of progeny; we
have begun these analyses. By six weeks of age,
however, any differences among progeny due
to mating system are obscured by larger dif-
ferences among seedlings from different moth-
ers. Size differences do occur between the sexes
as adults; however, hermaphrodites are larger
and produce more seed and flowers than do
females (Jolls, 1984, and in preparation). Al-
though this work dealt with progeny success in
a controlled environment, differences in ger-
minability among selfed and outcrossed prog-
eny, at least from hermaphroditic parents, can
be replicated in the field (Jolls, in preparation).

Differences among progeny in Silene vulgaris
are attributable also to differences among
mothers. It is unclear, however, whether such
differences among progeny are due to differ-
ences in the genotypes of maternal parents or
specific effects inherited only from mothers.
Maternal effects can be significant determi-
nants of seed size and seedling effects (Roach
and Wulff, 1987). This study was not intended
to investigate maternal effects; more appro-
priate designs exist (also see Roach and Wulff,

1987). Male sterility, however, is one of the
best-known examples of maternal cytoplasmic
inheritance. Most of the genetic bases for gy-
nodioecy involve both nuclear and cytoplas-
mic factors (Couvet et al., 1986). These nuclear
and cytoplasmic alleles for male sterility and
the fertility restoring alleles may have impor-
tant contributions to progeny fitness, adding
yet another mechanism to explain the main-
tenance of females among hermaphrodites.
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