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Summary 
Distyly is a floral polymorphism, characterized by a reciprocal positioning between stigmas and 
anthers in different flowers, where two floral morphs, long-styled (pin) and short-styled (thrum) 
occur within the population. Distyly is suggested as one of the routes leading to the evolution of 
separate sexes in plants. In this evolutionary pathway, pollinators may disrupt the 
complementarity of pollen transfer between morphs. Consequently, the floral morphs gradually 
specialize as either male or female. A key process required for gender specialization in distylous 
plants is a deviation of the realized functional gender (i.e. the proportion of genes transmitted to 
the next generation via pollen donation and seed production) from the potential functional gender 
(i.e. the expected contribution of male and female function to reproductive success from the 
number of ovules or pollen grains produced by each morph). I selected the distylous herb 
Arcytophyllum lavarum (Rubiaceae) to determine if asymmetry in pollen flow promotes 
differences in seed production, pollen donation and a discrepancy between the potential and the 
realized functional genders in pin and thrum floral morphs. Pollen flow in A. lavarum is 
asymmetric and the pin morph is more efficient at performing cross pollination than the thrum 
morph. Conversely, the thrum morph produced two times more seeds than the pin morph. Male 
and female contributions to the potential functional gender were equivalent in both morphs. 
However, the pin morph transmitted more genes through pollen donation and the thrum morph 
more through seed production than expected from their potential functional gender. These results 
support the hypothesis that if pollinators consistently promote asymmetric pollen flow between 
morphs over generations, it is possible that gender specialization may evolve to the extreme of 
dioecism from an original distylous condition. 
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Introduction 

Plant sexuality is frequently inferred from the ratio of sexual structures such as 

anthers and carpels or ovules and pollen grains, which may suggest the contribution of 

male and female functions to reproductive success (Devlin and Stephenson 1987). This 

estimate of plant sexuality represents the potential functional gender via pollen donation 

or ovule fertilization, in the hypothetical scenario of all plants attaining their maximum 

possible male and female reproductive success (Lloyd 1980). 

However, actual plant sexuality can be quite different from that predicted by the 

potential functional gender. In hermaphroditic plants, pollen flow may differ among 

individuals, with some plants playing a major role as males through pollen donation or as 

females through pollen reception (Horovitz 1978; Freeman et al. 1997). This divergence 

between the potential and the realized functional gender may promote gender 

specialization at an ecological scale, and is a required process for the evolution of 

separate sexes in flowering plants (Lloyd and Webb 1992). 

One factor that may promote a discrepancy between the potential and the realized 

functional gender via pollen flow in hermaphroditic plants is floral polymorphism i.e. the 

presence of flowers with different shapes among individuals (Pannell and Verdu 2006). 

Heterostyly is a type of floral polymorphism, characterized by a reciprocal positioning 

between stigmas and anthers in different flowers, where two (distyly) or three (tristyly) 

floral morphs may occur within the population (Ganders 1979; Kohn and Barrett 1992a; 

Lloyd and Webb 1992).  

Heterostyly is suggested to promote disassortative pollination, i.e. higher pollen 

flow to opposite floral morphs (Darwin 1896; Charlesworth and Charlesworth 1979; 
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Lloyd and Webb 1992). If pollen flow between floral morphs is symmetric (i.e. the 

probability of arrival of pollen to the opposite morph is equivalent for all floral morphs), 

and morphs exhibit equivalent potential functional gender, it is expected that the floral 

morphs within the population will display equivalent male and female reproductive 

success. 

Nevertheless, in some distylous species, one morph may contribute more to the 

total seed production of the population than the other (Wolfe and Barrett 1987; Husband 

and Barrett 1992; Ree 1997). Two potential causes for this variation in female 

reproductive success between morphs are 1) morphological differences such as more 

ovules or pollen grains present in one of the floral morphs or 2) differences in the realized 

functional gender between morphs due to a higher efficiency by one of the floral morphs 

as a pollen donor (Kohn and Barrett 1992a, b; Lloyd and Webb 1992; Oneil 1992; Stone 

and Thomson 1994). 

I selected Arcytophyllum lavarum (Rubiaceae), an endemic herb of the Central 

American paramos ecosystem as a study model. Arcytophyllum lavarum is distributed 

northern Panama to Costa Rica (Luteyn 1999). This plant is distylous, therefore two floral 

morphs are present, long and short–styled flowers, hereafter referred to as pin and thrum 

floral morphs respectively (Fig. 1). 

To understand how pollen flow affected plant sexuality in the pin and thrum 

morphs of A. lavarum, the objectives of this research were 1) to determine if the floral 

morphs of A. lavarum differed in female reproductive success and 2) to test if the 

differences in female reproductive success between morphs were a consequence of a) 

intrinsic morphological characteristics of the floral morphs such as differences in the 
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number of ovules or pollen grains produced or b) asymmetry in pollen flow between 

floral morphs. 

 

 

 

 

Finally, for each floral morph I examined the degree of divergence between the 

potential and the realized functional genders. If asymmetric pollen flow is the process 

producing a discrepancy between the potential and the realized functional genders, this 

indicates that interactions with pollinators can promote a division of male and female 

reproductive functions between pin and thrum flowers of A. lavarum. 

 

Fig. 1. Cross-section diagram of floral morphs 
in the distylous Rubiaceae Arcytophyllum 
lavarum. A. long-styled morph (pin) B. Short-
styled morph (thrum). Illustration by Erin K. 
Kuprewicz. 



García-Robledo 

-5- 

Materials and methods 

 
Study site and species of interest 
 

 
This study was conducted in Costa Rica, Cordillera de Talamanca, Macizo del 

Cerro de La Muerte, Reserva Natural Tapantí, Cerro Buena Vista (N 9º 33’ W 83º 45’). 

Mean rainfall in the year 2000 was 215 mm, and the average temperature was 14.8 °C 

(Min – Max = -1.5 – 25.5 °C, F. Valverde unpubl. data).This area is covered with 

vegetation typical of a grass paramo (Weber 1959). Rock outcrops are abundant, on 

which the distylous Rubiaceae Arcytophyllum lavarum is the predominant plant species 

(Voucher MO C.Garcia-Robledo 121, determined by C. M. Taylor). 

Arcytophyllum lavarum K. Schum. ex Standl grows in discrete aggregations 

scattered on top of the rocks. Ramets within these aggregations may belong to one or 

more individuals. Hereafter I refer to these aggregations as patches. Pin, thrum, or both 

floral morphs could comprise the floral display within patches. Pin and thrum patches 

display equivalent number of flowers. However, patches composed of both floral morphs 

have larger floral displays than those containing a single morph (García-Robledo and 

Mora submitted). Patch distribution over the rock outcrops is random, and the probability 

of having a pin or thrum patch as a neighbor is equivalent for both floral morphs. 

Inflorescences are terminal and may simultaneously display 1 to 12 flowers that are 

visited by syrphid flies. Hand-pollination experiments showed that Arcytophyllum 

lavarum is self and morph incompatible and seeds are only produced when flowers are 

pollinated by the opposite morph (García-Robledo and Mora submitted). When flowers 

are over-pollinated, pin and thrum flowers produce equivalent number of seeds (García-
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Robledo and Mora submitted). This suggests that the difference in seed production 

between morphs further discussed in this paper is the product of limited pollination. 

 

Ovule, pollen and seed production in pin and thrum floral morphs 

 

To determine if pin and thrum morphs differ in their numbers of ovules, I 

collected 40 flowers of each morph from different patches. I dissected the carpels and 

recorded the number of ovules per flower. To determine the number of pollen grains 

produced by pin and thrum flowers, I selected one anther per flower from 15 recently-

opened flowers. Each anther was opened on a microscope slide, and all pollen grains 

were counted. To estimate the total number of pollen grains per flower, the number of 

grains counted was multiplied by the number of anthers per flower. Differences in ovule 

or pollen production among morphs were explored using U Mann-Whitney tests. 

Estimates of ovule and pollen production were included in further analyses of pollen flow 

between morphs and the potential functional gender of pin and thrum flowers. 

To estimate differences in female reproductive success between pin and thrum 

floral morphs, I measured the mean seed production per flower in 68 pin and 47 thrum 

patches. In pin and thrum patches with ten or fewer inflorescences, I marked all flowers 

with a small point of paint on the pedicel. In patches with more than ten inflorescences, I 

marked all flowers within 10 previously-selected inflorescences (Number of flowers 

marked: pin = 1004, thrum = 453). 

Forty–five days later, I collected the near-ripe fruits, and counted the number of 

seeds in each fruit. I measured female reproductive success as the mean number of seeds 
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produced by the previously marked flowers within each patch, assigning a value of zero 

to aborted flowers. To test for differences in seed production between morphs, I 

performed a U Mann-Whitney test. Estimates of seed production were included in further 

analyses of the realized functional gender in pin and thrum flowers. 

 

Relative abundances of pin and thrum floral morphs 

 

I determined the relative abundances of pin and thrum morphs by counting all 

flowers within a 100 X 150 m plot. This is an accurate measure of flower abundances in 

this population, as this plot included at least 1/3 of all the patches of A. lavarum within 

the study area. Differences in the numbers of pin and thrum flowers were determined by a 

chi-square test. Estimates of relative abundance were also included in further analyses of 

pollen flow and the potential and realized and functional genders in pin and thrum 

flowers. 

 

Pollen flow and male reproductive success in pin and thrum morphs 

 

In some distylous species, pollen size differs between pin and thrum morphs. This 

is a useful characteristic for determining pollen flow between and within floral morphs 

(Wyatt and Hellwig 1979; Ornduff 1980; Pailler and Thompson 1997; Ree 1997). To 

determine the degree of pollen size dimorphism between pin and thrum pollen grains of 

A. lavarum, I collected pollen from 18 pin and 20 thrum flowers, each flower came from 

a different patch (N pin pollen grains = 3840, N thrum pollen grains = 4548), and I obtained the 
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frequency distribution of pollen size for each floral morph. After determining differences 

in size and the degree of size overlap between pin and thrum pollen grains, I used pollen 

size to identify the floral morph of each pollen grain in the following pollen flow 

experiment: 

To test for differences in pollen flow between and within floral morphs, I selected 

pin and thrum patches with similar floral displays, (i.e. 20 inflorescences, Npin patches = 10, 

N thrum patches = 10, minimum distance among patches = 15 m), and emasculated all flowers 

within patches. All recently-opened flowers were also emasculated after anthesis (9 to 20 

flowers per patch) to exclude from the estimates pollen arriving from the same flower or 

flowers within the patch (Lloyd and Webb 1992). Pistils of new flowers were collected 

24 hours after opening, and fixed in FAA (formalin:acetic acid: 70% ethanol in the 

proportions 5:5:90 v/v). To record all pollen grains arriving to the pistils, I placed each 

pistil between two cover slips. I took pictures from both sides of the cover slips with a 

digital camera attached to a light microscope at 160 X magnification. I recorded in the 

images the number of pollen grains in each pistil, and the diameter of each pollen grain 

using the application Sigmascan Image ®. 

The diameters of the pollen grains found in the pistils were compared with the 

estimated frequency distribution of pollen size of each floral morph. Each pollen grain 

was categorized as pin, thrum or undetermined. Differences in the mean number of pin, 

thrum or undetermined pollen grains per pistil were tested with a non-parametric two way 

ANOVA-Scheirer-Ray-Hare test (Sokal and Rohlf 1995). 

I also measured the asymmetry in pollen flow within and between morphs by 

calculating the probability of arrival of one pin or thrum pollen grain to a pin or thrum 
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pistil (Lloyd and Webb 1992) where Tij represents the probability of transfer of a single 

pollen grain of type i to a stigma j and (av. Stigmatic load)ij is the average number of i 

grains on each j stigma (Equation 1). I used the pollen pereviously counted in pin and 

thrum flowers to calculate the mean number of pollen grains per flower in morph i 

(pollen/flower)i (Equation 1). To estimate the relative abundance of each floral morph 

(no. flowers)i and (no.flowers)j, I used the flowers recorded within the aforementioned 

100 X 150 m plot.  

 
Tij =

(av. Stigmatic load)ij X (no. flowers)j

(pollen/flower)i X (no. flowers)i
Tij =

(av. Stigmatic load)ij X (no. flowers)j

(pollen/flower)i X (no. flowers)i
Tij =

(av. Stigmatic load)ij X (no. flowers)j

(pollen/flower)i X (no. flowers)i  

The levels of disassortative pollination E (Equation 2), are measured as the 

deviation of pollen arrival to pistils from that expected with random pollen flow, where O 

represents the observed number of pollen grains of a given morph in the pistils collected 

during the pollen flow experiment. R represents the expected number of pollen grains per 

pistil when pollen flow is at random and D is the expected number of pollen grains in the 

pistils if pollen flow is totally dissassortative (Ganders 1979). Estimates of the probability 

of pollen arriving to pistils, as well as levels of dissassortative pollination between 

morphs were explored with non-parametric two way ANOVA-Scheirer-Ray-Hare tests 

(Sokal and Rohlf 1995). 

RD
ROE

−
−

=  

Estimates of the asymmetry of pollen flow and disassortative pollination take into 

account the ratio of pin and thrum flowers in the population as well as the number of 

pollen grains produced by each floral morph (Ganders 1979; Lloyd and Webb 1992). 

Therefore, these estimates can determine if differences in pollen arrival between morphs 

(1) 

(2) 
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is a product of the relative abundance of floral morphs or the result of asymmetric pollen 

flow (Ganders 1979; Lloyd and Webb 1992). 

 

Deviation of the potential from the realized functional gender 

 

Using the estimates of pollen and ovule production (Table 1), I calculated the 

potential functional gender for pin and thrum morphs of A. lavarum. This estimate 

represents the proportion of genes most likely to be transmitted in each morph through its 

own ovules (Gpot, Equation 3) or through pollen donation (Apot, Equation 4), where OV  

and PO  represent the average number of ovules and pollen in morphs i and j (modified 

from Lloyd 1980). 

( )
ipotii

i

ipot EPOOV
OVG

×+
=   (3) ( )

ipotii

ipoti

ipot EPOOV

EPO
A

×+

×
=   (4) 

Arcytophyllum lavarum is self and morph incompatible, so all ovules from morph 

i must be pollinated by pollen from the opposite morph j in order to produce seeds. 

Therefore the potential male function is limited by the number of ovules available for 

pollination in the opposite morph. Assuming that all the ovules of morph i have equal 

probability of being pollinated, and all pollen grains of morph i have the same probability 

of contributing to pollination, then 
ipotE  (Equation 5) is the equivalence factor by which 

pollen units must be multiplied to adjust Gpot and Apot to the actual number of ovules 

available for legitimate pollination jOV  (Equation 5, modified from Lloyd 1980). 

Differences in the reproductive potential between morphs were tested by a G test. 
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i

j

ipot PO
OVE =    (5) 

Using the estimates of seed production in pin and thrum patches of A. lavarum, as 

well as the estimates of cross pollination from the pollen flow experiment, I calculated 

the realized functional genders through seed production of pin and thrum morphs (Greal, 

Equation 6) and pollen donation (Areal, Equation 7). These estimates represent the actual 

contribution of male and female reproductive functions to the total of genes transmitted to 

the next generation (modified from Lloyd 1980). Seedi represents the mean number of 

seeds produced per flower in each patch of morph i. ijPO  is the average number of pollen 

grains of morph i deposited per patch in stigmas of morph j during the pollen flow 

experiment. (modified from Lloyd 1980). iSeed  and ijPO  are the average seed 

production and pollen flow estimates per flower for all patches of morph i. 

 

( )irealiji

i
ireal EPOSeed

SeedG
×+

=   (6) ( )irealiji

irealij
ireal EPOSeed

EPO
A

×+

×
=  (7) 

The equivalence factor by which pollen units must be multiplied to adjust Greal 

and Areal based on the actual seeds sired by the opposite morph j is: 

ij

j
ireal PO

SeedE =    (8) 

To quantify the degree at which pollen flow modified plant sexuality in pin and 

thrum morphs, I calculated the deviation of the realized from the potential functional 

gender for both female ( GΔ , Equation 9) and male ( AΔ , Equation 10) functions. Then, 

ipotireali GGG −=Δ    (9) 
ipotireali AAA −=Δ    (10) 
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For each morph, I tested for differences in reproductive success, and the deviation 

of reproductive success from the reproductive potential using U Mann-Whitney tests. 

 

Results 

 
Ovule, pollen and seed production and floral morph abundance 

 

Pin and thrum floral morphs of A. lavarum differed in their ovule and pollen grain 

production. Pin flowers produced on average one more ovule than thrum flowers (Table 

1). Pin flowers also produced more pollen grains than thrum flowers (Table 1). The floral 

morphs also differed in female reproductive success, with thrum flowers producing twice 

as many seeds as pin flowers (Table 1). 

 

TABLE 1. Differences in gamete and seed production between pin and thrum morphs in A. lavarum 
   Pin   Thrum     

Morph characteristics  N Mean SD N Mean SD  U P 
No. of ovules per flower  40 11.2 2.3 40 9.7 2.6  495.7 0.003 
No. of pollen grains per flower  15 5390.5 1140.7 15 3856 835.3  32 <0.001 
Number of seeds per flower  681 0.89 1.53 471 2.04 2.51  1093.5 0.003 

1Number of flowers marked: Pin = 1004, Thrum = 453 
 

Pin flowers were more abundant within the 100 X 150 m plot (χ2 = 111.8, df = 1, 

Pin  = 1676, Thrum = 1117, P < 0.001). However, as shown by the pollen flow analyses 

(see next section), differences in seed production are the product of asymmetry in pollen 

flow and not of differences in the abundances of morphs. 
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Pollen flow and male reproductive success in pin and thrum morphs 

 

Pin and thrum morphs display pollen grain size dimorphism with some degree of 

size overlap (Fig. 2). The highest overlap occurred in pollen grains with 31 μ (89% of 

overlap) and 32 μ (81% of overlap). Overlap in other categories was between 0-37% (Fig. 

2). In the analyses of pollen flow within and between floral morphs, I assumed that pollen 

grains with diameters smaller than 31 μ arrived from pin flowers, and those with 

diameters larger than 32 μ arrived from thrum flowers. Pollen grains with sizes ranging 

from 31 to 32 μ were recorded as undetermined. Undetermined pollen grains were 

excluded from the probability and efficiency of disassortative pollination analyses. 

 

 

The total mean number of pollen grains arriving to pin pistils was lower than the 

number arriving to thrum pistils (H = 13.4, df = 1 P < 0.001, Fig. 3a). However, pistils of 

each floral morph received an equivalent number of pin, thrum, or undetermined pollen 

grains (H = 4.6, df = 2, P = 0.09, Fig 2a). 

Fig. 2. Frequency distribution of 
pollen size for pin and thrum 
pollen grains in A. lavarum. 
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The probability of pin and thrum pollen arrival to thrum pistils was higher than 

the arrival to pin pistils (H = 4.0, df = 1, P < 0.04, Fig. 3b). There was no difference in 

the probability of arrival from different floral morphs within pin and thrum pistils (H = 

3.1, df  = 1, P = 0.07, Fig. 3b). 

The estimate of dissassortative pollination efficiency showed that pin flowers 

received less pollen, and thrum flowers received more pollen than expected at random (H 

= 12.1, df = 1, P < 0.001, Fig. 3c). Efficiency at receiving pin and thrum pollen was 

equivalent within both pin and thrum pistils (H = 0.32, df = 1, P = 0.57). 

 

Deviation of the realized from the potential functional gender 

Fig. 3. Pollen flow between pin and thrum 
morphs of Arcytophyllum lavarum. A. Number 
of pin, thrum and undetermined pollen grains 
in pin and thrum pistils. B. Probability of pin 
and thrum pollen arrival to pin and thrum 
pistils and C. dissassortative pollination 
efficiency by pin and thrum pollen grains in 
pin and thrum flowers of A. lavarum (Mean ± 
SD). Letters on the bars group similar 
categories. 
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Estimates of plant sexuality based on ovule and pollen production showed that 

ovules and pollen made an equivalent contribution to the potential functional gender in 

both pin and thrum morphs (Fig. 4a, G test, G = 0.64,  P  0.42). Estimates of plant 

sexuality based on seed production and pollen donation suggested that pollen donation 

contributed to a higher proportion of the realized functional gender of pin flowers than of 

thrum flowers (U = 64, N G = 68, N A = 10, P < 0.0001 Fig. 4b). In the thrum morph, the 

contributions of pollen donation and seed production to the realized functional gender 

were equivalent. However, in this morph there was a trend to higher contribution by 

seeds to the realized functional gender (U = 144, N G = 47, N A = 10, P = 0.054 Fig. 4b). 

 

The realized functional gender deviated from the potential functional gender in 

both pin and thrum floral morphs (Fig. 4c). In the pin morph, female contribution was 

Fig. 4. Plant sexuality in pin and thrum morphs of 
Arcytophyllum lavarum. A. Contribution of male 
and female functions to the potential functional 
gender. B. Contribution of male and female 
reproductive functions to the realized functional 
gender and C. deviation of the realized from the 
potential functional gender in pin and thrum 
morphs of A. lavarum (Mean ± SD). Letters on the 
bars group similar categories. 
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lower and male contribution was higher than that expected from its potential functional 

gender (U = 46, N G = 68, N A = 10, P < 0.0001, Fig. 4c). In contrast, for the thrum morph 

female function contributed more and male function less than expected to its potential 

functional gender (U = 128, N G = 47, N A = 10, P = 0.024, Fig. 4c). 

 

 

Discussion 

 
Similar to other distylous species, the pin morph of A. lavarum produced smaller 

but more abundant  pollen grains than the thrum morph (Wyatt and Hellwig 1979; 

Ornduff 1980; Pailler and Thompson 1997; Ree 1997; Naiki and Nagamasu 2003). Pin 

flowers of A. lavarum also produced on average one more ovule than thrum flowers. 

However, estimates of the potential functional gender suggested that in both floral 

morphs, ovules and pollen made equivalent contributions to the total of genes transmitted 

to the next generation. Equivalence of female reproductive potential between morphs was 

also supported by hand-pollination experiments. In flowers over-pollinated with pollen 

from the opposite morph, pin and thrum flowers of A. lavarum produced similar numbers 

of seeds (García-Robledo and Mora Submitted). 

Regardless of the equivalent contribution of male and female functions to the 

potential functional gender in both floral morphs, thrum flowers produced more than 

twice as many seeds as pin flowers. In other distylous species, similar to A. lavarum, the 

thrum morph may play a major role in seed production (Dommee et al. 1992; Ornelas et 

al. 2004). However, the general finding for most distylous species is that the pin morph 

may play a major role in seed production (Ree 1997; Lau and Bosque 2003). 
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Estimates of pollen flow and male reproductive success suggested that thrum 

flowers were more efficient at receiving both legitimate and illegitimate pollen but were 

less efficient as legitimate pollen donors. Therefore, pollen flow for thrum flowers was 

assortative (i.e. pollen arrival was more likely to pistils of other flowers of the same 

morph). Conversely, pin flowers were more efficient as legitimate pollen donors, 

displaying disassortative pollen flow (i.e. pollen arrival was more likely to flowers of the 

opposite morph). Disassortative pollination by only the pin morph produced asymmetric 

pollen flow, and a division of reproductive functions between morphs. 

Asymmetry in pollen flow between morphs is not a rare phenomenon among 

distylous species. In emasculated flowers of Psychotria suerrensis (Rubiaceae), pin 

flowers are more efficient as pollen donors, and thrum flowers are more efficient as 

pollen receivers (Stone 1995). However, differences in pollen flow were not reflected in 

fruit production which was similar in both floral morphs (Stone 1995). Pollen flow in 

emasculated flowers of Palicourea fendleri is also similar to that reported for A. lavarum, 

i.e. a higher legitimate pollen flow from pin to thrum flowers and higher efficiency of the 

thrum morph as pollen receiver of both pin and thrum pollen (Lau and Bosque 2003). 

The main conclusion of this research is that pollen flow promoted a divergence 

between the potential and the realized functional genders in both morphs of a distylous 

species. Distyly is suggested as an ancestral state in the evolution of separate sexes in 

plants, and there is evidence that a shift to dioecy from distyly occurred in several 

families independently (Ross 1982). In this evolutionary pathway, pollinators may 

promote an asymmetry in pollen flow that disrupts the complementarity of pollen transfer 

between the two morphs. As a consequence, the realized functional gender will diverge 
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from the potential functional gender and the floral morphs will gradually specialize as 

either male or female (Charlesworth and Charlesworth 1979; Charlesworth 1999). 

In A. lavarum, asymmetric pollen flow enhanced pollen donation in pin flowers, 

and therefore seed production in thrum flowers. Pollen flow in A. lavarum also promoted 

a fundamental process required for the evolution of dioecy: a divergence between the 

potential functional gender and the realized functional gender. These results support the 

hypothesis that if pollinators consistently promote asymmetric pollen flow between 

morphs over generations, it is possible that gender specialization may evolve to the 

extreme of dioecism from an original distylous condition. 
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