
Dichogamy and Sexual Dimorphism in Floral Traits in the
Andromonoecious Euphorbia boetica

EDUARDO NARBONA1,*, PEDRO L. ORTIZ2 and MONTSERRAT ARISTA2

1Departamento Ciencias Ambientales, Universidad Pablo de Olavide, Ctra. Utrera s/n, Sevilla 41013, Spain and
2Departamento de Biologı́a Vegetal y Ecologı́a, Universidad de Sevilla, Apdo. 1095, 4180 Sevilla, Spain

Received: 21 July 2004 Returned for revision: 17 September 2004 Accepted: 30 November 2004 Published electronically: 8 February 2005

� Background and Aims Euphorbia boetica (Euphorbiaceae) is a functional andromonoecious species that shows
both intra- and interfloral dichogamy, hermaphrodite cyathia being protogynous. Sexual dimorphism of the cyathia
of E. boetica is examined according to their gender and arrangement on the inflorescence.
� Methods Data were obtained from two natural populations, where the distribution of male and hermaphrodite
cyathia in the inflorescence was recorded. The size, pollen production and viability, and nectar secretion were
measured in both types of cyathia.
� Key Results Most cyathia were male at the first levels of the inflorescence, then hermaphrodite cyathia predom-
inated at the successive levels, although at the last levels the proportion of male cyathia increased. Male cyathia at
basal positions lack ovaries, whereas those at distal positions showed vestigial ovaries. The size of the cyathia varied
significantly depending on the level of the inflorescence where they were produced: those of the last levels were
usually smaller. The hermaphrodites were significant bigger than males; however, these differences were due to the
differential distribution of each cyathium type in the inflorescence. Male cyathia produced significantly more pollen
and nectar than hermaphrodites.
� Conclusions In Euphorbia boetica, basal male cyathia could be explained by the presence of protogyny, and apical
male cyathia seem to respond to a preemption of resources. A true dimorphism affecting primary sexual characters
and related to gender function appears at lower levels of the inflorescence, whereas an apparent size dimorphism due
to positional effects occurs at upper positions. Longevity and distribution of cyathia, and their pattern of nectar
production, could improve both male and female fitness.
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INTRODUCTION

The temporal separation of anther dehiscence and stigmatic
receptivity can occur within a hermaphrodite flower or
between flowers in monoecious species, giving rise to
intrafloral or interfloral dichogamy, respectively (Lloyd and
Webb, 1986). Intrafloral dichogamy is thought to have
evolved to reduce interference between the two main func-
tions of a hermaphroditic flower: pollen export and pollen
import (Wyatt, 1983; Lloyd and Webb, 1986; Bertin and
Newman, 1993). Self-pollination could be considered a
form of interference that may reduce female fitness by
reducing the fertilization success of incoming outcross pol-
len and reduce male fitness by reducing the export of pollen
to other individuals (Harder and Wilson, 1998). However,
the form of dichogamy (protogyny and protandry) is likely
to have different consequences for autogamy versus
geitonogamy. Protandry, may be effective at reducing
geitonogamy if flowers open from the bottom to the apex
in the inflorescence and the visitors move upwards (Harder
et al., 2000). Protogyny may be effective at reducing auto-
gamy since it provides a period of stigma receptivity in the
absence of self-pollen (Griffin et al., 2000). Protogyny may
also reduce geitonogamy if the flowers on an inflorescence
develop so that all open flowers are in either male or
female phase at any given time (Stout, 1928). Thus, the

consequences of dichogamy are markedly affected by
inflorescence architecture (Harder and Barrett, 1996) and
by the phenology of male and female phases.

In both intra- and interfloral dichogamy, each sexual
function can be accompanied by a set of differential sec-
ondary sex characters favouring such function. Thus, the
perianth of male flowers is often larger than that of female
flowers (Bell, 1985; Delph, 1996). Likewise, in some herm-
aphrodite flowers dichogamy is accompanied by a certain
dimorphism of the perianth: in the male phase the lobes of
the corolla are completely extended, but in the female, they
are curved back, decreasing the size of the corolla (Ortiz
et al., 2000). This sexual dimorphism has been interpreted
as a way of ensuring the success of the male function, which
may be limited by the number of visits (Bateman, 1948;
Charnov, 1982). A larger perianth would increase floral
attractiveness and could lead to more visits from pollinators
(Bell, 1985; Ashman and Staton, 1991). Differences in
nectar secretion between sexual phases have also been
found; in some cases the male phase secretes more nectar
than the female (Devlin and Stephenson, 1985; Aizen and
Basilio, 1998) but in others the reverse pattern has been
found (Talavera et al., 1996).

When the sexual functions are separated in different flow-
ers, however, such differences in secondary sexual charac-
ters might not be related to the improvement of the sexual
functions, but rather may be simply due to plastic responses
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to resource pre-emption or to different position effects
within the architecture of the inflorescence (Gibbs et al.,
1999; Diggle, 2003; Diggle and Miller, 2004). There
is considerable variation in investment in attractive traits
(petals, nectar), biomass distribution, and reproductive
potential between flowers within an inflorescence
(Stephenson, 1981; Diggle, 1995). Distal flowers are
often smaller and produce fewer or smaller ovules, seeds
and fruits, but they may have higher pollen production
(Herrera, 1991; Ashman and Baker, 1992; Diggle, 1995;
Guitián and Navarro, 1996; Ashman and Hitchens, 2000).
Recent evidence suggests that, when flowers of different
sexual phenotypes are produced in distinct locations within
the architecture of inflorescences, the effects of gender
dimorphism can be confounded with architectural differ-
ences (Diggle and Miller, 2004).

In the genus Euphorbia, cyathia function as hermaphrod-
itic protogynous flowers, although in fact they comprise
1-pistillate and 1-staminate floret within a cup-like invol-
ucre. The cyathia are arranged in pleiochasia, each pleio-
chasial branch forming several pleiochasia or dichasia
which bloom sequentially (Weberling, 1986). Some species
of Euphorbia are functionally andromonoecious, as they
produce male and hermaphrodite cyathia (Gilbert, 1992;
Kiflawi, 2000; Narbona et al., 2000, 2002). The male
cyathia bloom first, because of their basal position on the
inflorescence, originating interfloral dichogamy (Narbona
et al., 2002). The simultaneous presence of functional
andromonoecy and of intra- and interfloral dichogamy
establishes secondary sexual differentiation at two levels:
between cyathia of different gender, and between sexual
phases of the hermaphrodite cyathia.

Secondary sexual differentiation in the andromonoecious
Euphorbia boetica was investigated according to the gender
of the cyathia and their arrangement on inflorescences,
focusing, in particular, on the distribution of male and

hermaphrodite cyathia on the inflorescence, morphological
characters of the cyathia, longevity, pollen production and
viability, and nectar secretion.

MATERIALS AND METHODS

Study species and study area

Euphorbia boetica Boiss. is a perennial spurge endemic to
the southern Iberian Peninsula. Euphorbia boetica is func-
tionally andromonoecious, and the staminate cyathia are
situated predominantly at the first levels of the inflorescence
(Narbona et al., 2000). The degree of branching in the
inflorescence is high. Level 1 is assigned to the terminal
cyathium (i.e. the first to be produced) in each inflorescence
(Fig. 1).

Euphorbia boetica was studied in two populations:
Hinojos (Huelva province) and El Gandul (Seville prov-
ince). The Hinojos population is located on a peneplane
at 80–90 m a.s.l. and approx. 30 km from the sea; the
vegetation consists of mixed woodland of Pinus pinea
and Quercus suber, with a scrub layer comprising mainly
Cistaceae, Lamiaceae and Leguminosae. The Gandul
population is also located on a peneplane, at 45 m a.s.l.
in an area of abandoned farmland without tree cover.
The vegetation consists of scattered scrubs [Chamaerops
humilis, Helichrysum stoechas, Asparagus aphyllus,
Micromeria graeca, etc.] and herbs (mainly Poaceae).

Methods

The inflorescence development and the proportion of
male and hermaphrodite cyathia were monitored in three
branches from 11 or 12 plants of each population. Each
plant was marked at the beginning of the flowering
and visited every 7–10 d noting the number of male and
hermaphrodite cyathia at each level of the inflorescence.
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F I G . 1. Diagrammatic representation of the cyathium and the inflorescence of Euphorbia boetica. (A) Hermaphrodite cyathium showing the characteristics
measured (length and width of the cyathium involucre and the nectary). (B) Inflorescence showing the flowering order of the cyathia (levels).

780 Narbona et al. — Dichogamy and Sexual Dimorphism in E. boetica



The cyathia and their nectaries were measured with an
electronic digital caliper in 9–11 plants of each popula-
tion, noting the sexuality of the cyathia and their position
on the inflorescence. The main axes (length and width)
of the cyathium involucre and the nectary were measured
(Fig. 1).

The duration of anthesis of the hermaphrodite and male
cyathia was monitored in 76 marked cyathia on 14 plants at
Hinojos. These cyathia were examined daily, noting their
floral phase and, where applicable, the number of stamens
exposed. The receptivity of the stigmata was determined in
flowers at different stages of development using the hydro-
gen peroxide technique (Kearns and Inouye, 1993).

The daily cycle of pollen presentation was estimated at
Hinojos in 40 cyathia of five plants that were examined
every 2 h from 0800 h to 2000 h, noting the number of
exposed stamens with pollen. In addition, 30 cyathia that
had finished flowering were collected in each population
and dissected to discover how many stamens had remained
unexposed. A cyathium was considered to have finished
flowering when no stamen had been exposed for 3 d.

For each population, the pollen production was estimated
separately in the male and hermaphrodite cyathia from
intermediate levels where both types of cyathia co-occur.
The number of stamens was counted in 20–30 cyathia of
each sex on ten plants. The pollen production per cyathium
was estimated in five of these plants by counting the pollen
on two stamens of 9–14 cyathia taken from each plant. Each
stamen was dissected on a slide and all its pollen grains
were counted under a microscope.

The pollen viability was analysed in 15 plants at
El Gandul, considering separately the cyathia at different
levels on the inflorescence of each plant. Pollen viability
was also analysed separately in male and hermaphrodite
cyathia from the intermediate levels of the inflorescence.
Pollen viability was estimated by sowing the pollen on a
solid nutritive medium in Petri dishes (Bar-Shalon and
Mattson, 1977). For each plant, all the stamens available
at the time of sowing were used. After sowing, the dishes
were kept for 6 h at 22–24 �C. A prior check showed that a
longer time did not increase the percentage of germination.
Three samples (replicates) were taken from each dish, and
the proportion of germinated pollen grains was determined
as those whose pollen tube was longer than the diameter of
the grain. All the pollen grains in each replicate were coun-
ted. The average number was 200.

The nectar production at Hinojos was measured in the
hermaphrodite and male cyathia from the intermediate
levels of 17 inflorescences (13 plants) bagged in situ for
24 h using plastic bags for excluding insect visits. The
volume and concentration of nectar were used to estimate
the weight of sugar produced per cyathium (Cruden and
Hermann, 1983). Calculation of the mean values of nectar
production excluded the relatively rare cyathia that did not
present secretion. Activity of the nectaries through the day
was monitored visually in 113 cyathia from the intermediate
levels of eight plants at Hinojos. These cyathia were
examined at regular intervals from 1000 h to 2000 h on
sunny days in June and July, noting the number of nectaries
presenting nectar on their surface.

Statistical analyses

Differences in the proportions of male and hermaphrodite
cyathia between inflorescence levels were tested using the
Kruskal–Wallis test (Zar, 1999) because data normalization
by the usual transformation was not achieved; when differ-
ences were significant a Mann–Whitney test was carried
out. Differences in the size of the cyathia and their nectaries
according to the gender (male versus hermaphrodite) and
according to the inflorescence level were analysed using
MANOVAs test, including width and length as predictor
variables.

The number of stamens and the total number of pollen
grains of the male and hermaphrodite cyathia from the
intermediate levels were compared using mixed-model
ANOVAs, with ‘plant’ as random factor and ‘sex’ as
fixed. Differences in pollen production per stamen between
cyathia, sex and plants were analysed using mixed
ANOVAs, in which the factor ‘plant’ was random, the factor
‘sex’ was fixed, and the factor ‘cyathium’ was nested in
‘plant’ and ‘sex’. Comparison of stamen number and pollen
production between apical male cyathia and both hermaph-
rodite and male cyathia (from intermediate levels) were
performed using the Mann–Whitney test because data nor-
malization by the usual transformation was not achieved
(Day and Quinn, 1989). Differences in pollen viability
between different levels of the inflorescence were tested
using a mixed-model ANOVA where the factor ‘plant’
was considered random and the factor ‘level’ was fixed.
A similar analysis was performed to determine differences
in pollen viability between cyathia of different sex from
intermediate levels; in this case, the factor ‘plant’ was con-
sidered random and the factor ‘sex’ was fixed. The data
were arcsine transformed.

The characteristics of the nectar produced by male and
hermaphrodite cyathia from the intermediate levels in
Euphorbia boetica were compared using mixed-model
ANOVAs where the factor ‘plant’ was considered random
and the factor ‘sex’ was fixed. Percentages of nectary
activity through the day were compared using a c2-test
for contingency tables of percentages (Zar, 1999).

When the ANOVA/MANOVA showed significant differ-
ences, the means of groups were compared using the t-test
with estimation of the separate variance (Welch test), as the
variance of the groups was not equal (Day and Quinn, 1989).
To control for the experiment-wise type I error produced
by multiple comparisons, the sequential Bonfferroni test
for fitting the significance level was applied (Rice, 1989).

RESULTS

Frequency of cyathia and dychogamy

In the El Gandul population the inflorescence of Euphorbia
boetica developed up to seven or eight levels, while in
the Hinojos population this number was lower, reaching
up to four or five levels. In both populations, hermaphrodite
and male cyathia were found; most cyathia were male at the
first level of the inflorescence, then their proportion dimin-
ished significantly at the intermediate levels (H = 53�2,
P < 0�0001, d.f. = 7; H = 24�7, P < 0�0001, d.f. = 3;
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in El Gandul and Hinojos, respectively), and increased
slightly at the lasts (Fig. 2). In general, in male cyathia
from the basal and central levels of the inflorescence, female
flowers were totally absent. In contrast, male cyathia from
the last levels were visibly smaller than male cyathia from
the other levels, and usually bore a vestigial female flower,
although they never produced seeds.

The hermaphrodite cyathia are protogynous, and the
female flower is receptive for 3–8 d (mean = 4, n = 43);
in the cyathia of the same level of the inflorescence, this
phase had a variable duration. When receptive, the female
flower remains erect, and later hangs between two of the
nectaries. At the end of the female phase, the stamens issue
from the cyathium involucre at a rate of 0–4 stamens daily
(mean = 1�6, n = 129). Each stamen remains exposed 1 d,
usually dropping in the night or following morning when
pushed out by the new ones. The stamens emerged from the
cyathium involucre at 1000 h in the morning, and were open
from 1100 h to 1900 h, although little pollen remained after
1600 h. The male phase lasted 5–18 d (mean = 12�3, n = 35).
In the male cyathia, the duration of anthesis was similar
to that of the male phase of the hermaphrodites (5–19 d,

mean = 12�0, n = 31). The stamen issue rate was also similar
(0–4 stamens daily, mean = 1�8, n = 126). In both types of
cyathium, all the stamens produced were usually exposed;
only in 6 % of the hermaphrodites and 4 % of the males did
one or two stamens remain inside the cyathium involucre.

Cyathia size

The size of the cyathia varied significantly depending on
the level of the inflorescence where they were produced: in
both populations, those of the last levels were usually smal-
ler (Table 1 and Fig. 3). Similarly, in both populations the
size of the nectaries was significantly different between
levels (Table 1). Significant differences between sexes in
the size of the cyathia were found in both populations, the
hermaphroditic cyathia generally were larger (Table 1).
However these differences are due to the differential dis-
tribution of each cyathium type in the inflorescence (Fig. 3);
in fact, when male and hermaphrodite cyathia were meas-
ured at the same level of the inflorescence differences in size
were not significant, excepting at the last levels where male
cyathia were smaller (see Fig. 3).
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F I G . 2. Mean proportions ofmale cyathia in each inflorescence level in the two populations studied. Boxes represent standard errors and the bars are 1�96 s.e.
Different letters indicate significant differences at a < 0�05.

TABLE 1. MANOVA results comparing the size of cyathia and nectaries from male and hermaphrodite cyathia of different
inflorescence level in two populations of Euphorbia boetica (Hinojos and El Gandul)

Cyathium Nectary

Multivariate test Univariate test for variable Multivariate test Univariate test for variable

Population Factor Willlk’s l F d.f. P
Cyathium
width

Cyathium
length Willlk’s l F d.f. P

Nectary
width

Nectary
length

El Gandul Level 0.50 37.2 6, 548 **** **** **** 0.59 27.5 6, 550 **** **** ****
Sexuality 0.92 12.2 2, 274 **** *** **** 0.93 9.7 2, 275 **** n.s. ****
Level ·
sexuality 0.85 12.0 4, 548 **** *** **** 0.89 8.1 4, 550 **** **** ****

Hinojos Level 0.68 13.2 6, 370 **** **** **** 0.81 6.9 6, 368 **** **** ***
Sexuality 0.93 7.2 2, 185 *** ** *** 0.91 8.7 2, 184 *** **** **
Level ·
sexuality 0.98 2.3 2, 185 n.s. n.s. * 0.95 4.6 2, 184 * ** n.s.

**** P < 0�0001; *** P < 0�001; ** P < 0�01; * P < 0�05; n.s., not significant.
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The number of nectaries per cyathium varied through the
inflorescence: at El Gandul, the first-level cyathia presented
between five and seven nectaries, and those of the remaining
levels presented four; at Hinojos, most of the first-level
cyathia had five nectaries, and at the remaining levels
there were always four.

Pollen production and viability

In both populations, at the intermediate levels of the
inflorescence, the stamen number in male cyathia was

significantly higher than in hermaphrodites (Table 2). In
the male cyathia from the last level, the stamen number
ranged between 2 and 16 (mean 6 s.e. = 9 6 0�8, n = 19,
seven plants) and was significantly lower than in the male
and hermaphrodite cyathia from intermediate levels (U=2�5,
n1 = 19, n2 = 20, P < 0�0001 and U = 36�5, n1 = 19, n2 = 20,
P < 0�0001). The number of pollen grains per stamen at El
Gandul ranged between 705 and 1242, with a mean of 993.
At the intermediate levels of the inflorescence, the stamens
of the male and hermaphrodite cyathia produced a similar
number of pollen grains (Table 2). At Hinojos, the number
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TABLE 2. Number of stamens per cyathium, and pollen grains per stamen and cyathium in male and hermaphrodite cyathia from
the same level of the inflorescence

Stamens/cyathium Pollen/stamen Pollen/cyathium

Population Cyathium sexuality N n Mean 6 s.e. Range N n Mean 6 s.e. Range N n Mean 6 s.e. Range

El Gandul Male 10 30 23 6 0.6a 16–29 5 28 1000 6 26.2a 705–1242 5 14 20951 6 1159a 13152–26959
Hermaphrodites 10 30 20 6 0.6b 13–25 5 28 988 6 22.3a 761–1231 5 14 16638 6 721b 11908–20366
Total 10 60 21 6 0.5 13–29 5 56 993 6 17.0 705–1242 5 28 18676 6 797 11908–26959

Hinojos Males 10 20 21 6 0.7a 14–27 5 18 897 6 30.1a 726–1174 5 9 18883 6 1373a 12607–24636
Hermaphrodites 10 20 17 6 1.0b 10–25 5 18 782 6 41.6a 566–1155 5 9 13718 6 2018a 7105–25425
Total 10 40 19 6 0.7 10–27 5 36 840 6 27.1 566–1174 5 18 16300 6 1340 7105–25425

N = number of plants, n = number of samples.
In each population, means followed by different letters indicate significant differences (a < 0�05).
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of pollen grains per stamen ranged between 566 and 1174,
with a mean of 840. In this population, the male cyathia
produced on average 100 pollen grains more per stamen
than the hermaphrodites, but this difference was not signi-
ficant (Table 2). At El Gandul the production of pollen
per stamen was statistically higher than that at Hinojos
(F1,90 = 25�75, P < 0�0001).

The mean production of pollen per cyathium was
18 676 grains at El Gandul and 16 300 at Hinojos
(Table 2), and was statistically similar between populations
(F1,44 = 2�63, P = 0�11). At the intermediate levels of the
inflorescence, the number of pollen grains of the male
cyathia was >25 % higher that that of the hermaphrodites,
but the differences were significant only at El Gandul
(Table 2). The male cyathia from the last level of the
inflorescence produced only 314 6 23 pollen grains per
stamen (n = 27, seven plants). Moreover, the pollen from
four of these cyathia on two plants was found to be inviable.
The total number of pollen grains per male cyathia at the last
level of the inflorescence ranged between 492 and 7952
(mean 6 s.e. = 2946 6 421), which was markedly lower
than that of the male and hermaphrodite cyathia from
the intermediate levels (U = 0, P < 0�0001, n1 = 9,
n2 = 19; U = 2, P < 0�0001, n1 = 9, n2 = 9).

In Euphorbia boetica, pollen viability was significantly
variable between plants (F12,94 = 4�15, P = 0�0056), ranging
between 7�7 6 1�9 % and 66�6 6 4�4 %, with a mean of
31�86 1�8 %. Pollen viability was 40�2 6 3�4 % at the first
levels of the inflorescence, 32�46 2�2 % at the intermediate
levels and 15�5 6 2�2 % at the last levels, although the
differences were not statistically significant (P > 0�05).
At the intermediate levels of the inflorescence, the pollen
viability of the male cyathia was slightly higher than that
of the hermaphrodites (35�8 % against 28�9 %), but the
differences were not significant (P > 0�05).

Nectar secretion

The pattern of nectar secretion through the day, measured
as the proportion of active nectaries, was different in male
and hermaphrodite cyathia (c2 = 39�29, d.f. = 4, P < 0�0001).
This is because in the morning more male cyathia than
hermaphrodites secreted nectar (30 % against 13 %); how-
ever, from 1300 h, the proportion of male cyathia and herm-
aphrodites secreting nectar was similar. Some 30 % of
cyathia of both types did not produce nectar at any time
of the day; most of those that did secrete had all their
nectaries active.

The volume of nectar accumulating in 24 h ranged
between 0�19 and 2 mL per cyathium, with a mean of
0�61 6 0�068 mL (n = 150). The male cyathia produced
a mean of 0�74 6 0�073 mL of nectar, slightly higher than
that of the hermaphrodites in male phase and significantly
higher than that of the hermaphrodites in female phase
(Fig. 4). The mean concentration of sugar in the nectar
was 5�8 6 0�67 % (n = 150). The nectar of the hermaph-
rodite cyathia was slightly more concentrated than that of
the males, but the differences were not significant (Fig. 4).
The mean production of sugar per cyathium per day was
31�4 6 4�67 mg. The amount of sugar produced by male

cyathia and the hermaphrodites in male phase was signific-
antly greater than that by the hermaphrodites in female
phase (36�4 and 35�8 mg, respectively, against 22�1 mg;
Fig. 4).

DISCUSSION

Euphorbia boetica plants produced both male and herma-
phrodite cyathia and both populations showed a similar
pattern of cyathia distribution. The first levels of the
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inflorescence were almost exclusively male, then herma-
phrodite cyathia predominated at the successive levels,
although at the last level the proportion of male cyathia
increased. Production of male cyathia of E. boetica seem
to have two different origins, that is, the explanation for the
production of basal male cyathia differs from that for distal
male cyathia.

The complete loss of initiation of female flower in male
cyathia from basal and central levels suggests that their
maleness is determined from inception before flowering.
Brunet and Charlesworth (1995) concluded that intrafloral
dichogamy favours variation in sex allocation among
sequentially blooming flowers: with protandry, early-
blooming flowers should be relatively more female, and
with protogyny, early-blooming flowers should be relatively
more male. Cyathia of Euphorbia boetica are protogynous,
so that cyathia that open early could experience a mating
environment in which the ovule : pollen ratio is higher than
that for later cyathia. In such case, ovules of basal cyathia
would be unlikely to produce offspring, giving rise to
variation in fitness contribution through female function
among individual flowers of the inflorescence (Brunet
and Charlesworth, 1995). This variation could lead to
lower cyathia evolving to specialize as male. Thus, basal
cyathia of Euphorbia boetica lack female flowers. This has
been found in other Euphorbia species (Narbona et al.,
2002) and in protogynous Apioideae species (Schlessman
and Graceffa, 2002). Interestingly, the reverse pattern is
found in protandrous species (Brunet, 1996).

By contrast, male cyathia at apical levels bore an aborted
pistillate flower, stamen number was lower than in basal and
intermedite cyathia, and their pollen production was very
low. In fact, all the cyathia situated at the apical levels of the
pleiochasium were smaller that those at other positions and,
moreover, apical male cyathia were smaller than apical
hermaphrodites. These facts suggest an exhaustion of the
resources at the distal positions of the inflorescence; as a
consequence, cyathia are small and the pistillate flower
aborts in the smallest ones, perhaps because development
of ovaries is more sensitive to nutrient status than develop-
ment of stamens (Lloyd et al., 1980; Lloyd and Bawa,
1984). Thus, an apparent sexual dimorphism exists at the
last levels of the inflorescence due to differential gender
sensitivity to lack of resources.

Male and hermaphrodite cyathia at the central levels of
the inflorescence were similar in size. However, in addition
to absence or presence of ovaries, they showed a dimorph-
ism in primary male reproductive characters. The males
generally produced more stamens and pollen than did the
hermaphrodites, but their pollen viability was not signific-
antly different. In andromonoecious species, the male flow-
ers often produce more (though usually not significantly
more) pollen (Anderson, 1979; Dulberger et al., 1981;
Solomon, 1986; Anderson and Symon, 1989); in some spe-
cies, a greater pollen viability in the male flowers has also
been found (Traveset, 1995). The dimorphism in reproduct-
ive characters in E. boetica could be interpreted as a mech-
anism enhancing the male function (Charnov, 1982).

In Euphorbia boetica, male function would be also
improved by the higher rate of nectar secretion found in

the male cyathia and in the male phase of the hermaphrod-
ites. In nectariferous species with unisexual flowers or with
dichogamy, the female presents only nectar as a floral
reward, while the male also presents pollen, thereby pos-
sibly attracting more visits from pollinators (Ortiz et al.,
1996). However, the pollinators of Euphorbia boetica
exclusively seek nectar (E. Narbona, unpubl. res.) so that
it is this higher rate of secretion which will most likely
enhance the number of visits (Andersson, 1996; Delph,
1996; Ortiz et al., 2000). Furthermore, the greater duration
of the male phase will increase the opportunity to receive
visits, improving the efficiency of both floral phases; in
general the male phase needs to be visited more than
once for the dispersion of all the pollen, while the female
can cover all its pollen needs with a single visit (Stanton
et al., 1986). This is likely to be the case in Euphorbia, as
the cyathium has only three ovules, so that a single visit
could ensure female reproductive success. Lastly, the fact
that some of the male cyathia begin to secrete nectar before
the hermaphrodites could give rise to a directionality in
pollinator behaviour (Pyke, 1978). These would go first
to the male cyathia (which also produce more pollen)
and then to the hermaphrodites, increasing the probability
that, when they visit hermaphrodite cyathia in the female
phase, they are transporting pollen.

The cyathia of E. boetica have great longevity (a mean of
16 d in hermaphrodites and 12 d in males). Theoretically,
floral longevity can be prolonged when the levels of pollen
reception and liberation are low, or when the cost of main-
tenance is low (Primack, 1985; Ashman and Schoen, 1994;
Schoen and Ashman, 1995). Flowering cyathia are green,
and thus photosynthetic, which could offset their cost of
maintenance. Cyathial longevity would reinforce overlap-
ping of flowering in more cyathia, increasing the floral
display size, and offsetting the scant visual attractiveness
of the individual cyathia. This scenario is consistent with
the suggestion by Ishii and Sakai (2001) that the evolution
of greater floral longevity may occur if larger display size
benefits the plant.

In E. boetica, the cyathia open acropetally, and the dis-
play size is small when cyathia at basal positions open. In
sequentially blooming plants, the display size of a plant can
vary with time, and the frequency of pollinator visits per
flower is greater when the display size is large (Ishii and
Sakai, 2001). Thus, the amount of pollen grains removed per
flower by pollinators could be greater in middle and upper
flowers than in lower ones (Ishii and Sakai, 2002). In
E. boetica the predicted decrease of male success when
display size is small could be offset, because in lower
positions male cyathia are predominant and these cyathia
produce more nectar, which can increase the frequency of
pollinator visits.

In conclusion, Euphorbia boetica is a functionally
andromonoecious species with large male cyathia without
ovaries situated predominantly at basal positions, and small
male cyathia with vestigial ovaries in distal positions. The
occurrence of basal male cyathia could be explained by the
presence of protogyny in this species, and apical male
cyathia seem to respond to a pre-emption of resources.
Moreover, E. boetica exhibits a complex pattern of sexual
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polymorphism. On one hand, a true dimorphism affecting
primary sexual characters and related to gender function
appears at basal and central levels of the inflorescence.
On the other hand, patterns of size variation are complex.
At intermediate levels of the inflorescence, male and herm-
aphroditic cyathia are of equivalent size. At distal most
positions, however, male cyathia are smaller than hermaph-
roditic cyathia. Lastly, longevity and distribution of cyathia,
and their pattern of nectar production could improve both
male and female fitness.
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