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ABSTRACT

Questions: Is there variation in the degree of sexual dimorphism among populations?
Do males exhibit more (or less) plasticity than females?

Hypothesis: Among-population variation in the degree of sexual dimorphism is caused by
sex-differential plasticity.

Organism: Silene latifolia, a dioecious plant that exhibits sexual dimorphism in many
traits.

Methods: We grew individuals from three populations in a common greenhouse environment
under two different (dry vs. wet) watering regimes. We measured ten traits at specific
developmental points.

Results: Most traits showed significant among-population differentiation in their means
and significant sexual dimorphism; however, population differentiation in the degree of sexual
dimorphism was only observed for calyx width. Furthermore, differences between the sexes in
their plastic responses were not observed for any trait. Hence, sex-differential plasticity to water
is not the cause of differences among populations in the degree of sexual dimorphism in calyx
width. Males varied less for this trait than females, suggesting that calyx width (or a trait
correlated with calyx width) affects male fitness more than female fitness.

Keywords: common garden, differential-plasticity hypothesis, dioecious, phenotypic plasticity,
physiology, sexual dimorphism.

INTRODUCTION

Males and females of dioecious animals and plants often differ in a wide variety of
secondary sex characters, and this sexual dimorphism can evolve via disruptive selection,
character displacement, and/or intersexual selection (see Geber, 1999, for a review). Theory has
predicted that intraspecific variation in the degree of sexual dimorphism for a trait will
usually be limited (Lande, 1980), and studies examining the degree of sexual dimorphism along
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with other aspects of species’ biology are often predicated on this invariability (e.g. Székely

et al., 2007). However, among-population variation in the degree of sexual dimorphism
within species can occur (Rising, 1987; Roitberg, 2007). For example, 25% of insects included in a
comparative study of 149 species exhibited significant intraspecific variation in the degree
of sexual dimorphism in body size (Teder and Tammaru, 2005).

Two of the hypotheses proposed as explanations for this intraspecific variation are the
sexual-selection hypothesis and the differential-plasticity hypothesis (Pearson et al., 2002; Fairbairn,

2005; Teder and Tammaru, 2005). The sexual-selection hypothesis assumes that populations differ
in the extent of sexual selection such that sexual dimorphism is greatest in populations
with the most sexual selection. The differential-plasticity hypothesis assumes that popula-
tions differ in one or more variables for which one sex responds more plastically to than
the other, such that environmental variation among populations leads to corresponding
differences in the degree of sexual dimorphism. These hypotheses are equally applicable
to cases in which values for male traits are larger than those for females (M > F), as well the
reverse (F > M).

For example, the sexual-selection hypothesis is thought to explain the extreme differences
in sexual size dimorphism seen in different populations of carpet pythons: males are larger
than females in populations characterized by agonistic interactions among breeding males,
whereas they are smaller than females in populations lacking male–male rivalry (Pearson et al.,

2002). In contrast, the differential-plasticity hypothesis has been found to explain variation
in the degree of sexual size dimorphism observed in several species of insects [damselflies
(De Block and Stoks, 2003), water striders (Fairbairn, 2005), wolf spiders (Fernández-Montraveta and Moya-Laraño,

2007), and seed beetles (Stillwell and Fox, 2007)], all of which have larger females than males.
For example, abdomen length in water striders, which has been shown to be under fecundity
selection in females but not males (Preziosi and Fairbairn, 1997), was canalized in females and
highly plastic in males, leading to variation in overall body size and the degree of sexual
dimorphism among populations (Fairbairn, 2005).

Testing whether the differential-plasticity hypothesis explains among-population
variation in the degree of sexual dimorphism requires the following. First, the chosen study
species should exhibit variation in the degree of sexual dimorphism for at least some traits
across populations. Second, although observation of this variation in natural populations
is useful (e.g. Krause et al., 2003), growing individuals from multiple populations in a common-
garden experiment allows one to determine whether the variation has a genetic component.
Lastly, combining the common-garden experiment with differing treatments for an
environmental variable thought to vary in nature allows one to determine whether traits in
the sexes are canalized, equally plastic or differentially plastic.

In this study, we compared three populations of the sexually dimorphic, dioecious plant
Silene latifolia in a combined common-garden/plasticity experiment. We measured ten traits
in both males and females reared under two watering regimes. Population differentiation
in trait means, as well as significant among-population variation in the degree of sexual
dimorphism, had previously been shown for some of the traits we measured (Delph et al., 2002).
Moreover, several traits had been shown to respond plastically to varying water availability
in this species (Gehring and Linhart, 1993). Together, the results from these studies suggested
to us that this would be a useful system for testing the differential-plasticity hypothesis.
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MATERIALS AND METHODS

Study system

Silene latifolia (Caryophyllaceae) is a dioecious, short-lived perennial that is Eurasian in
origin (McNeill, 1978). Its fragrant, white flowers open at night and are pollinated primarily by
night-flying moths that prefer large floral displays (Shykoff and Bucheli, 1995; Young, 2002). Males
contain heteromorphic sex chromosomes (XY), and genes on the Y chromosome that
prevent ovule development and promote anther development lead to the production of
staminate flowers on males, and the lack of these genes leads to the production of pistillate
flowers on females (Lengerova et al., 2003).

Several morphological, physiological, and growth traits are known to be sexually
dimorphic in S. latifolia (see review in Delph, 2007). For example, males produce more flowers, each
of which is smaller in dimension and mass than those on females (Carroll and Delph, 1996).
Selection on calyx width (one dimension of the size of flowers) revealed a significant
negative genetic correlation, or trade-off, between flower size and number (Meagher, 1992; Delph

et al., 2004a). Males also exhibit an up-regulated physiology relative to females (Gehring and

Monson, 1994; Laporte and Delph, 1996), and rates of leaf gas exchange are negatively genetically
correlated with flower size (Delph et al., 2005). Males also invest less biomass in reproductive
tissues and grow to a smaller size than females (Gross and Soule, 1981; Gehring and Linhart, 1993; Delph

and Meagher, 1995).

Greenhouse experiment

To examine patterns of phenotypic plasticity in response to water availability for three
S. latifolia populations, we conducted an experiment with two water treatments, in a
greenhouse at Indiana University. Seeds used in this experiment were collected in July 2004
from three large (> 100 individuals) populations from Europe (Table 1). Mature fruits were
collected, and seeds from 40 females from each population were haphazardly chosen for
inclusion in the experiment.

Seeds were germinated in September 2004 in a 1 :1 mixture of sterile soil and MetroMix.
After germination and the production of the second set of true leaves, as many as two
seedlings from each family within a population were assigned to each of the two water
treatments (overall N = 308). Wet-treatment plants were bottom-watered to maintain soils
at field capacity. Dry-treatment plants were only watered when the soil was dry and
the plants were just at wilting-point. Water treatments were maintained throughout the
experiment. The plants were kept under a 16 :8 h light/dark cycle to cue flowering, fertilized

Table 1. Silene latifolia populations used in this study

Population Municipality, Country Latitude Longitude Altitude (m)

LRC Larche, France N 45.1209 E 1.4207 106
SVL San Valentin, Austria N 48.1592 E 14.5217 272
PRG Prague, Czech Republic N 50.1302 E 14.3991 192

Note: The closest municipality is listed, together with country of origin. Latitude, longitude, and altitudes are from
a GPS system.
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once a month with a half-strength all-purpose 20 :20 :20 (Peters Inc., Allentown, PA)
after flowering had started, and rotated around the greenhouse weekly to reduce position
effects.

The date of first-flower opening was recorded for each plant. Floral traits were measured
on the third, fourth, and fifth flowers to open on each plant using digital calipers. Data from
these three flowers were averaged for use in statistical analyses. Calyx width was measured at
the calyx’s widest point and calyx length was measured at its longest point. There are two
parts of the petal in S. latifolia: the claw and the limb. The claw is the lower thin part of the
petal encased within the calyx tube and the limb is the part of the petal that flares out
perpendicularly to the calyx (Delph et al., 2004b). Because the limb is likely to be the part of the
petals that is attractive to potential pollinators, we measured petal-limb length at its longest
point. By measuring the same set of flowers on each experimental plant, we avoided the
influence of developmental timing and architecture on floral traits.

Leaf gas exchange [photosynthetic rate (A), stomatal conductance (g), and transpiration
rate (E)] was measured between 10.00 and 14.00 h thirty days after flowering began on each
plant. We measured a single leaf two nodes down from the node that contained the first
flower to open using a LI-6400 Portable Photosynthesis System (LI-COR Inc., Lincoln,
NE, USA) infrared gas analyser (IRGA). During measurements, carbon dioxide concen-
trations were maintained at 400 µmol ·mol−1, with irradiance set at 1500 µmol ·m−2 · s−1

(saturating) and a leaf temperature of 27�C. The flow rate was set at 500 µmol · s−1, and the
stomatal ratio was set to 0.4 (ratio of stomata on the two sides of the leaves in S. latifolia).
Brown leaves that were no longer photosynthetically active could not be measured. In
addition, leaves with stomatal conductances below 0.03 (n = 12) were excluded from the
data set, leaving data for 239 plants overall.

To determine specific leaf area, we measured the entire leaf surface area and weighed
each leaf individually after drying. Leaf area was measured using a LI-COR LI-3000A
Portable Area Meter. Specific leaf area was then calculated as leaf area/leaf dry biomass.
Specific leaf area measures leaf thickness: high values represent thin leaves and low values
represent thick leaves.

Sixty days after flowering began we examined a number of growth/size traits. We counted
the total number of leaves and measured the leaf area of a single leaf from the first, second,
and third nodes below the node of first flowering and totalled the area of these three leaves
for each plant. Finally, we counted the total number of flowers produced by counting the
number of open flowers, those flowers that would open that evening, and the pedicels of
flowers that had fallen off.

The magnitude of sexual dimorphism for each trait was calculated using the sexual
dimorphism index of Lovich and Gibbons (1992): (larger mean/smaller mean) – 1, with values
shown as positive when the mean for females is larger than the mean for males and negative
when the reverse is true.

Statistical analyses

We performed three-way analyses of variance (ANOVA) to test for the effect of population
of origin (LFC, SVL or PRG), sex (male vs. female), and water treatment (dry vs. wet) on
seven traits. Our populations were not chosen randomly, but instead were specifically
chosen with the idea that they would vary environmentally; hence, population is treated
as a fixed effect. We performed a multivariate ANOVA for the leaf gas-exchange traits

Delph and Bell64



(photosynthetic rate, stomatal conductance, and transpiration rate), because each is known
to affect the other and in our data set stomatal conductance and transpiration rate were
highly correlated (r = 0.86). The multivariate analysis of variance (MANOVA) was followed
by univariate ANOVAs for each effect that was significant or marginally significant in
the MANOVA. For all analyses, one two-way interaction (population × water) and the
three-way interaction (population × sex × water treatment) were non-significant, so they
were removed from the models and the models were re-run with the three main effects
plus the two remaining two-way interactions: the population × sex interaction and the
sex × water treatment interaction. In addition, for both the number of leaves and flowers
produced, the trait ‘days-to-flowering’ was included as a covariate. Scheffé’s post-hoc com-
parisons were made among populations whenever the effect of population was significant.
In all analyses, the data were transformed as appropriate to meet the assumptions of homo-
scedasticity and normality, but untransformed data are presented in the figures. Following
the reasoning of Moran (2003) to reduce the likelihood of type II error, we did not apply any
multiple-test corrections. Statistical tests were performed using SPSS 11.0 for Macintosh.

RESULTS

Among-population differentiation in means

Of the traits measured, all but the leaf gas-exchange traits exhibited significant or margin-
ally significant variation among populations, as seen by a significant effect of population
(Table 2; Figs. 1 and 2). The population effect was non-significant in the MANOVA for leaf
gas exchange (Table 3). For the other leaf traits, plants from SVL had leaves that were
relatively large, thin, and more numerous than those from one or both of the other two
populations: they had significantly larger leaves than those from LFC (P = 0.005), signifi-
cantly larger specific leaf areas than those from both LFC and PRG (both P < 0.001), and
significantly more leaves than those from PRG (P = 0.014). For floral traits, plants from
LFC had more numerous and smaller flowers: they had marginally more flowers than those

Table 2. Results from univariate ANOVAs for effects of population of origin (LRC, SVL, PRG),
sex (male, female), water treatment (wet, dry), and interactions on each measured trait

Trait Population Sex Water
Population ×

sex Sex × water

Area of 3 leaves 7.77** 4.64* 20.78*** 1.61 0.10
Specific leaf area 11.44*** 5.70* 13.84*** 0.38 0.12
Number of leaves a 4.06* 2.10 18.60*** 1.03 0.35
Number of flowers b 2.51# 265.86*** 26.66*** 0.45 0.01
Calyx width 133.68*** 746.74*** 25.01*** 39.55*** 0.02
Calyx length 146.56*** 70.21*** 12.40*** 1.26 2.13
Petal-limb length 34.16*** 42.78*** 32.55*** 1.54 0.22

Note: F-values are presented (d.f. = 1–2, 271–300), with significant ones in bold. Leaf area was square-root
transformed and number of flowers and calyx width were ln-transformed before analysis
a Days to flower was included as a covariate: F = 114.01***. bDays to flower was included as a covariate:
F = 176.58***.
#P < 0.10, *P < 0.05, **P < 0.01, ***P < 0.001.
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from PRG (P = 0.085), and significantly narrower calyces (both P < 0.001), shorter calyces
(both P < 0.001), and shorter petal limbs (P = 0.025 and P < 0.001) than those from either
SVL or PRG. In addition, flowers from SVL had significantly narrower calyces and shorter
petal limbs than those from PRG (both P < 0.001). Averaged across sexes, mean calyx width
exhibited the most variation among the populations of any of the traits, with flowers from
PRG being 1.38 times larger than those from LFC.

Sexual dimorphism

Of the traits measured, all but one, ‘number of leaves’, exhibited significant sexual dimorph-
ism, as seen by a significant effect of sex (Tables 2 and 3). Averaged across the three
populations, the sexual dimorphism index was as follows: area of 3 leaves, 0.14; specific leaf
area, −0.05; number of leaves, 0.04; photosynthetic rate, −0.16; stomatal conductance,
−0.26; transpiration rate, −0.21; number of flowers, −1.62; calyx width, 0.51; calyx length,
0.11; petal-limb length, 0.11. The means for males were significantly higher than those for
females for specific leaf area, photosynthetic rate, stomatal conductance, transpiration rate,

Fig. 1. Population means for leaf traits in males (�) and females (�). Values represent least-square
means ± one standard error. SLA = specific leaf area.
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and the number of flowers produced, and lower for leaf area, calyx width, calyx length, and
petal-limb length (Figs. 1 and 2).

Plasticity

All measured traits except photosynthetic rate exhibited significant plasticity, as seen by a
significant effect of water (Tables 2 and 3). Leaf size, specific leaf area, number of leaves,

Fig. 2. Population means for floral traits in males (�) and females (�). Values represent least-square
means ± one standard error.

Table 3. Results of a MANOVA on the dependent variables (1) photosynthetic rate, (2) stomatal
conductance, and (3) transpiration rate for effects of population of origin (LRC, SVL, PRG), sex
(male, female), water treatment (wet, dry), and interactions, followed by univariate ANOVAs for
effects that were significant or marginally significant in the MANOVA

Trait Population Sex Water
Population ×

sex Sex × water

Multivariate 0.89 4.48** 5.74** 0.92 2.48#

Photosynthetic rate 5.35* 0.59 1.09
Conductance 8.96** 16.68*** 0.32
Transpiration rate 9.19** 14.98*** 0.76

Note: F-values are presented (d.f. = 1–2, 228–230 for univariate tests and 3–6, 228–456 for multivariate tests),
with significant ones in bold.
#P < 0.10, *P < 0.05, **P < 0.01, ***P < 0.001.
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stomatal conductance, transpiration rate, number of flowers, and the three floral-size traits
were all significantly reduced in the dry treatment relative to the wet treatment (Figs. 3
and 4).

Among-population variation in the degree of sexual dimorphism

The population × sex interaction was non-significant in the MANOVA on leaf gas-
exchange traits (Table 3). Only calyx width exhibited significant among-population
variation in the degree of sexual dimorphism, as seen by a significant population × sex
interaction (Table 2; Figs. 1 and 2). Calyx width was the most sexually dimorphic in the
PRG plants, the ones with the largest means for both sexes. Females from PRG had calyces
that were 1.56 times wider than those from LFC, whereas their males were only 1.14
times wider. Hence, the significant among-population variation in the degree of sexual
dimorphism for calyx width was caused by greater among-population variation in the calyx
width of flowers on females than the variation in flowers on males (Fig. 2).

Fig. 3. Values for leaf traits in males (�) and females (�) in the dry versus wet treatments. Values
represent least-square means ± one standard error. SLA = specific leaf area.
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Sex-differential plasticity

The sex × water interaction was marginally significant in the MANOVA on leaf gas-
exchange traits (P = 0.062; Table 3). However, contrary to the differential-plasticity
hypothesis, none of the individual traits exhibited sex-differential plasticity, as seen by non-
significant sex × water interactions for every trait based on univariate ANOVAs (Tables 2
and 3). The values of traits in both sexes were reduced similarly in the dry as compared
to the wet treatment, as seen in the norms of reaction graphs (Figs. 3 and 4). Even photo-
synthetic rate, which appears to have non-parallel lines in Fig. 3, did not have a significant
sex × water interaction when examined with a univariate ANOVA (P = 0.30).

DISCUSSION

The results of this experiment are inconsistent with the differential-plasticity hypothesis as
an explanation for among-population variation in the degree of sexual dimorphism for
traits in the dioecious plant S. latifolia. Although most traits varied among populations,
as well as between the sexes, and were also plastic, only one trait, calyx width, exhibited
variation in the degree of sexual dimorphism; and neither this trait nor any of the others
exhibited plasticity differences between males and females.

Population effect

All measured traits except gas exchange varied among the three study populations, with
calyx width exhibiting the greatest variation overall. These results confirm those of a

Fig. 4. Values for floral traits in males (�) and females (�) in the dry versus wet treatments. Values
represent least-square means ± one standard error.
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previous common-garden study on the same species demonstrating genetic divergence of
many morphological and allocation traits (Delph et al., 2002); however, the studies differ in that
flower number was more variable among populations than calyx width in the previous
study.

Future investigations of traits together with abiotic and biotic conditions within different
populations will be needed before we can attribute the genetic differentiation of any of these
traits to a particular set of causal factors, via either direct or indirect selection (Arntz and Delph,

2001; Delph et al., 2002). However, the main effect of population was highly significant for both
specific leaf area and floral-size traits, and other work implicates rainfall as a possible
candidate causing variation in these traits. For example, unpublished work on S. latifolia
showed that specific leaf area (leaf thinness) was higher in a French population with
relatively high rainfall than in a Portuguese one with low rainfall (C. Herlihy, D. Bell, and L. Delph,

unpublished data). This relationship raises the possibility that rainfall may be a factor in
population differentiation, because studies of other species have shown that thicker leaves
conserve water better than thinner leaves (Van den Boogaard and Villar, 1998) and thicker leaves are
often found in relatively arid sites (e.g. Dudley 1996; Schulze et al., 1998). Moreover, plants can also
reduce water loss by reducing the size of their leaves (Givnish 1979); and the LFC population,
the one with the lowest specific leaf area, also had the smallest leaves. As for flower size,
Galen (2000) found that Polemonium viscosum plants that produce relatively large flowers
have lower survival under dry, but not moist conditions (whereas this is not the case
for plants that produce small flowers), which Galen suggests is an explanation of her
observation of a positive correlation among populations for flower size and rainfall during
the period of flowering (Galen, 2005).

Sex effect

Nine of ten traits exhibited sexual dimorphism. Males had smaller, thinner leaves, but they
also had more numerous flowers that were smaller in all dimensions than those on females,
with flower number being the most sexually dimorphic trait. Males also had higher rates
of leaf gas-exchange than females. These results are consistent with the well-established
descriptions for sexual dimorphism previously reported for these traits (Gross and Soule, 1981;

Meagher, 1992; Delph and Meagher, 1995; Carroll and Delph, 1996; Laporte and Delph, 1996; Meagher and Delph, 2001;

Delph et al., 2002; Gehring et al., 2004; Steven et al., 2007).

Water effect

Nine of ten traits exhibited a reduced value in the dry compared with the wet treatment,
similar to results previously found for a variety of traits in S. latifolia (Gehring and Linhart, 1993).
Only photosynthetic rate was not plastic. This lack of response in photosynthetic rate is
similar to that found for Cakile edentula (Dudley, 1996), but runs counter to that found for two
Lobelia species, in which photosynthetic rate was the only physiological trait that responded
plastically in both species to dry versus wet treatments (Caruso et al., 2006). One explanation
for this result is that the strong responses we saw in leaf size and specific leaf area [the latter
of which has been shown to be correlated with photosynthetic rate in other species (Bhagsari

and Brown, 1986)], mitigated the effect of water on photosynthetic rate. Our observed reductions
in flower number as well as in all aspects of flower size in conjunction with the dry treatment
are consistent with a previous study on S. latifolia (Gehring and Linhart, 1993). They are
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also consistent with many studies on other species that have manipulated water availability
and found similar reductions (Turner, 1993; Carroll et al., 2001; Mal and Lovett-Doust, 2005; Caruso, 2006).

Interactions with sex

For among-population variation in the degree of sexual dimorphism of a trait to be
concordant with the differential-plasticity hypothesis in our experiment, the trait must
be sexually dimorphic and there must be a significant sex × treatment interaction for
the trait. A significant sex × treatment interaction indicates that the degree of sexual
dimorphism can vary simply as a consequence of one sex responding more plastically than
the other to the treatment. From this set of results, the assertion that populations vary in
ways similar to the applied treatments can be made and/or tested to support the hypothesis
that the among-population variation in how different the sexes are from each other is a
consequence of sex-differential plasticity.

None of the traits measured in our study were significantly affected by the two-way
interaction needed to support the differential-plasticity hypothesis, even though many of
the traits exhibited among-population differentiation, sexual dimorphism, and were plastic.
One trait, calyx width, exhibited among-population variation in the degree of sexual
dimorphism, similar to the findings of Delph et al. (2002); but both sexes responded similarly
to our dry treatment by reducing calyx width. We therefore conclude that, generally, sexual
dimorphism for this trait is not a consequence of one sex being more plastic than the other
to water availability.

Most of the measured traits fit Lande’s (1980) prediction that the evolution of different
means for sexually dimorphic traits should occur faster than evolution of the degree of
sexual dimorphism, because between-sex genetic correlations can slow the latter. But what
is somewhat perplexing is that the between-sex genetic correlation for calyx width is
among the highest observed for any sexually dimorphic trait in S. latifolia, ranging
in estimate from 0.81 to 1.00 (Meagher, 1999; Delph et al., 2004a; Steven et al., 2007). Such high
correlations suggest that the evolution of sexual dimorphism for this trait should be
relatively constrained; however, there is variation in the degree of dimorphism. In contrast,
the correlation for flower number from these same studies varied from 0.59 to 0.77, and yet
flower number did not show variation in the degree of sexual dimorphism in either this
experiment or a previous multi-population experiment (Delph et al., 2002). These results tell us
that measures of between-sex genetic correlations will not necessarily be informative or
predictive of the patterns seen in nature. Rather, the results conform to theory stating
that differing heritabilities for males and females – which has been observed for calyx width
(Delph et al., 2004a; Steven et al., 2007) – can impact the evolution of sexual dimorphism (Lande, 1987;

Reeve and Fairbairn, 1996).
Our results suggest that selection on calyx width or correlated traits in the two sexes

varies among the populations we studied. In general, for females, an increase in calyx width
results in higher fecundity, because of higher ovule production per flower, whereas for
males, a decrease in calyx width means that more flowers can be produced, which may result
in higher siring success (Delph et al., 2004a). We found that calyx width in males remained fairly
constant among the populations, whereas it varied substantially for females. Previous
researchers have suggested that the sex showing less variation might be under stronger
selection to maintain a fixed value for a trait because it affects fitness more strongly than for
the other sex (Bedhomme et al., 2003). For example, Fairbairn (2005) found that abdomen length in

Variation in sexual dimorphism among populations 71



water striders was relatively canalized in females, whereas genital length was relatively
canalized in males. Based on extensive knowledge from field studies showing that these
traits were the most important trait for fitness in the sex they were canalized in, Fairbairn
(2005) concluded that the patterns of variation were adaptive. Similar results were observed in
a butterfly (Fischer and Fiedler, 2000, 2001). Specifically, based on responses to temperature, large
size was considered to be more important for females and early emergence was considered
more important for males.

Based on this logic, the calyx width of flowers of S. latifolia would be presumed to be
more important to fitness for males than for females. This might be a consequence of
selection directly on calyx width; alternatively, however, a trait correlated with calyx width,
such as gametophyte number, may be sex-differentially plastic and thereby indirectly affect
selection on calyx width. For example, if pollen number (the equivalent of sperm number
in animals) were reduced in flowers with relatively small calyces only in dry sites, then
selection on calyx width in males would be likely to vary between wet and dry sites. A
slightly different alternative would be that selection leading to variation in the degree of
sexual dimorphism in calyx width is a consequence of indirect selection via direct selection
on correlated traits (Delph, 2005). In both sexes, calyx width is genetically correlated with flower
number and ecophysiological traits, and selection on these traits may not only run counter
to selection on calyx width (Delph et al., 2005; Scotti and Delph, 2006; Steven et al., 2007), but this selection
may also be stronger than selection on calyx width per se. Moreover, genetic covariances
among traits differ for males and females (Steven et al., 2007), which would produce differences
in the correlated responses to selection within each sex, and thereby potentially affect
dimorphism in calyx width.

In conclusion, the results of our study do not support the differential-plasticity
hypothesis as an explanation for variation in the degree of sexual dimorphism. Instead,
they suggest that the degree of sexual dimorphism in most traits is independent of
the population from which they came, while at the same time the means of the traits
differ among populations. The results also suggest that calyx width (and traits genetically
correlated with calyx width) is likely to be an important determinant of sexual dimorphism
across the phenotype.
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