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Abstract Distyly has been interpreted as a mechanism
that favors cross-fertilization. In this research we describe

floral attributes and ancillary floral polymorphisms typi-

cally associated to heterostylous plants in Palicourea
demissa (Rubiaceae), a distylous shrub of the Venezuelan

Andes cloud forests. A hand-pollination experiment was

done to evaluate self- and intramorph incompatibility and
female reproductive output in both floral morphs. The

studied population was morphologically distylous but

morph differences in most ancillary floral polymorphisms
and reciprocity of the sexual organ heights were found. The

floral morphs were self-incompatible and did not differ in

fruit set under controlled cross-pollination conditions, but
at the population level they exhibited imperfect reciprocal

herkogamy. Fruits and seeds of short-styled plants were

larger than those of long-styled plants and fruit set was
higher in short-styled plants under natural conditions,

suggesting a higher reproductive potential among short-

styled plants. Given the 1:1 morph ratio within the studied
population, further evidence is needed to determine the

influence of floral visitors and seed dispersers in the
expression of heterostyly in P. demissa under natural

conditions.
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Introduction

The sexual duality of hermaphroditic flowers can result

in conflicts and compromises in the parental roles of
plants during pollination and mating (Lloyd and Yates

1982; Bertin and Newman 1993; Fetscher 2001).

Although hermaphroditism can provide benefits to both
maternal and paternal functions by sharing the expenses

to floral attraction and reward (Charnov et al. 1976), this

advantage does not come without the potential of exert-
ing the considerable reproductive costs of self-fertiliza-

tion and the reduced fitness of offspring resulting from

inbreeding depression (Charlesworth and Charlesworth
1987). Many plants are protected from the harmful

effects of self-fertilization by physiological self-incom-
patibility, yet still possess floral traits traditionally inter-

preted as ‘anti-selfing’ mechanisms has stimulated efforts

to find other explanations for their origin and mainte-
nance (e.g., Lloyd and Webb 1986; Webb and Lloyd

1986; Harder and Barrett 1995). The sexual conflict

between avoiding within-flower interference and achiev-
ing precision in pollination is reduced in heterostylous

flowers (reviewed in Barrett 2002a, b), a genetically

controlled floral polymorphism where populations contain
two or three morphs that differ reciprocally in the

placement of female and male reproductive organs within

flowers (Barrett 1992). In the case of distylous species,
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Chocó, A. A 292, Quibdó, Chocó, Colombia
e-mail: hamleth@ula.ve

P. J. Soriano
Postgrado en Ecologı́a Tropical, Instituto de Ciencias
Ambientales y Ecológicas, Facultad de Ciencias,
Universidad de Los Andes, Mérida 5101, Venezuela

J. F. Ornelas
Departamento de Biologı́a Evolutiva, Instituto de Ecologı́a A.C,
Carretera antigua a Coatepec No. 351,
El Haya, Xalapa, Veracruz 91070, México

123

J Plant Res

DOI 10.1007/s10265-010-0359-9



populations contain plants that produce either all long-

styled (hereafter LS) flowers with the stigmas positioned
above the anthers or all short-styled (hereafter SS)

flowers with the anthers positioned above the stigmas

(Ganders 1979; Lloyd and Webb 1992; Barrett 2002a).
Plants of each morph are strongly herkogamous, thus

limiting any interference between pollen removal and

deposition, while the reciprocal positioning of male and
female organs in different morphs should promote precise

cross-pollen transfer among morphs (Barrett 1992). In
cases in which the degree of herkogamy is more pro-

nounced in one morph, greater self-pollination and hence

self-interference are predicted in the morph with the
weaker herkogamy (see also Cesaro et al. 2004).

The heterostylous syndrome consists of three associ-

ated sets of traits: reciprocal herkogamy, i.e., reciprocal
arrangement of stigma and anther heights, self- and intra-

morph incompatibility, and an array of ancillary floral

polymorphisms (Ganders 1979; Barrett 1992; Dulberger
1992; Barrett and Shore 2008). Darwin (1877) called this

type of mating as legitimate and the intramorph as

illegitimate. Barrett (2002a) suggested that reciprocal
herkogamy promotes a major precision in pollen transfer,

whereas self-incompatibility systems avoid inbreeding.

However, morphological traits associated to distyly may
vary among species, populations and individuals (Gan-

ders 1979; Dulberger 1992; Faivre and McDade 2001;

Rossi et al. 2005), and self-incompatibility is not always
or partially expressed in heterostylous species (Sobrevila

et al. 1983; Dulberger 1992; Castro and Oliveira 2001).

Palicourea demissa (Rubiaceae) is a distylous hum-
mingbird-pollinated species of the Venezuelan Andes

cloud forests (Valois-Cuesta and Novoa-Sheppard 2006).

Here we have explored possible asymmetries between
floral morphs in the expression of heterostyly in one pop-

ulation. We first assessed heterostyly and reciprocal herk-

ogamy by measuring floral traits such as anther and stigma
heights that describe distyly, and ancillary floral poly-

morphisms such as corolla length and pollen size and

number typically associated to heterostylous plants. We
then conducted a hand-pollination experiment to evaluate

self- and intramorph incompatibility in LS and SS flowers

of P. demissa. In addition, we provide evidence of differ-
ences in fruit and seed size between floral morphs to further

understand the ecological consequences in distylous, bird-

dispersed plants. If reciprocal herkogamy of P. demissa
favors the cross-pollination between its floral morphs, then

flowers of opposite morphs should show close reciprocity

among sexual organs heights. On the other hand, if self-
incompatibility system is present in this species, then fruit

production should only occur after cross intermorph pol-

lination and fruit set should be equal between floral
morphs.

Materials and methods

Study species

Palicourea demissa Standl. is a common shrub in sec-
ondary regeneration cloud forests of Venezuela (Fig. 1a),

Colombia and Perú. Inflorescences display reddish to yellow

raquis, and pedicelate, gamopetalous flowers (Fig. 1b–d).
The anthesis initiates between 0530 and 0730, and the

flowers last 12-14 h. In the studied population, floral

morphs show a 1:1 ratio (Valois-Cuesta and Novoa-
Sheppard 2006), and bloom from January to October, with

a peak between May and June (H. Valois-Cuesta, unpub-

lished data). Fruits are drupaceous, elliptical, and green
when unripe, but fleshy, dark blue when ripe (Fig. 1e).

Fruits usually contain two seeds which have planoconvex

pyrenes that display a longitudinal invagination on the
dorsal surface (Figs. 1f, 3).

Study area

Collection of plant material for morphometric analysis and

hand-pollination experiments were conducted on a single
population of P. demissa located in La Mucuy field station

(8", 380 N; 71", 020 W; at 2,300–2,400 m a.s.l), Sierra

Nevada National Park, Mérida, Venezuela. In this cloud
forest area, the annual average temperature is 14"C and the

mean annual rainfall ranges between 2,800 and 3,400 mm,
with peaks in April–May and October–November. More-

over, water entrance through fog comprises about 300 mm

(Ataroff and Rada 2000). The understory of this cloud
forest is dominated by Rubiaceae, Pteridophyte, Araceae

and Acanthaceae (0–4 m), and trees that can reach up to

35 m (Rengifo et al. 2005). One of the most notorious
attributes of this forest is the high presence of arborescent

ferns (Cyatheaceae) and vascular epiphytes, which in this

environment reach its maximum expression in biomass and
diversity (Ataroff and Sarmiento 2004).

Floral morphology and distyly

We randomly selected 30 plants per morph and collected

several flowers from different inflorescences per plant.
Collected flowers were preserved in 70% ethanol and

transported to the laboratory. In the laboratory, we mea-

sured, with a Mitutoyo CD-8’’ digital vernier (in millime-
ters), the corolla length, corolla-tube entrance width,

stigma and anther heights, length of stigmatic lobes and

anthers, and the anther–stigma separation of each flower
(Fig. 2).

We also collected floral buds in the pre-anthesis stage

from the same randomly selected plants of each morph
(30 plants per morph). Buds were then examined under a
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stereoscope (Wild Heerbrugg M5A), and one anther per

floral bud and one pollen grain per anther was selected.
Pollen grains were observed under a microscope (Leite

Dialux 20 EB) and measured with the help of an ocular

micrometer (Kearns and Inouye 1993). Pollen grains per
anther were counted for 54 floral buds of each morph. In

this case, one anther from each floral bud was removed and

squeezed in a drop of glycerin to then count pollen grains
under the microscope. The number of pollen grains per

flower was estimated by multiplying the average number of

pollen grains per anther to the number of anthers per

flower.

Reciprocal herkogamy

The effectiveness of heterostyly as an outcrossing mecha-

nism must depend on the degree of matching between

LS and SS flowers of heterostylous plants. Thus, anther–
stigma separation (herkogamy) of each morph and relative

reciprocity between floral morphs (reciprocal herkogamy)

Fig. 1 Flowers, fruits and seeds
of Palicourea demissa
(Rubiaceae): a growth habit,
b inflorescence, c short-styled
flower, d long-styled flower,
e infructescence with unripe and
ripe fruits, f seed. Scale: 1 m in
a, 5 cm in b, e; 5 mm in c–d,
and 1 mm in f
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were calculated following Richards and Koptur (1993) and

Hernández and Ornelas (2007a) as: intramorph (anther

height - stigma height)/(anther height ? stigma height)
and intermorph (anther height - reciprocal stigma height)/

(anther height ? stigma height reciprocal) herkogamy.

Finally, we calculated the reciprocity index at the popula-

tion level (R) as described by Sánchez et al. (2008).

Intramorph incompatibility

To document self- and intramorph incompatibility in

P. demissa, we performed a manual-pollination experiment

in flowers from 10 randomly selected plants of each
morph with the following treatments: (a) agamospermy

(flowers were emasculated and excluded from their
floral visitors with bags of synthetic tulle with orifices

\1.0 mm, (b) spontaneous self-pollination (intact floral

buds were excluded from floral visitors), (c) hand self-
pollination (flowers were self-pollinated and then exclu-

ded from floral visitors), (d) legitimate cross-pollination

(flowers were pollinated with pollen from flowers of the
opposite floral morph and excluded from floral visitors),

(e) illegitimate cross-pollination (flowers were pollinated

with pollen from the same morph and excluded from
floral visitors), and (f) flowers control (flowers were not

bagged and naturally pollinated) (Kearns and Inouye

1993). Considering that the stigmas of both morphs are
receptive at the moment anthesis initiates (H. Valois-

Cuesta, unpublished data), hand-pollination treatments

were carried out when flowers were fully open. In cross
hand-pollination treatments, donor and recipient flowers

were bagged in tulle bags during pre-anthesis stages, and

recipient flowers were emasculated to avoid contact with
self pollen. All treated flowers were marked with threads

of different colors indicating each treatment. Fruits of

P. demissa usually take about 8 months to develop after
pollination (H. Valois-Cuesta, unpublished data). How-

ever, fruits can be consumed or damaged during ripening

(Kearns and Inouye 1993; González et al. 2005); there-
fore, the effect of each pollination treatment was eval-

uated two months after treatment application as:

(initiated fruits/treated flowers) 9 100 (see Rossi et al.
2005).

Fruit and seed morphology

Since fruit size is potentially associated with bird removal

(Wheelwright 1993) and seed size is associated with ger-
mination and seedling success (Smith and Fretwell 1974;

Khurana and Singh 2000; Dalling and Hubbell 2002), we

explored possible asymmetries in fruit and seed size in
plants of both morphs as an indirect measure of potential

fitness differences between SS and LS plants. Fully ripe

fruits were collected from 30 randomly selected additional
plants per morph, and fruit (length, width) and seed size

(length, transverse width and lateral width; Fig. 3) mea-

sured with a digital caliper to the nearest 0.01 mm. Then,
we dried pulp and seeds separately until they reached a

a
c

d

e

f

g

a

b

c

d

e

f

g

Short-styled Long-styled

Fig. 2 Floral measurements of Palicourea demissa (Rubiaceae):
a corolla length, b corolla-tube entrance width, c anther height,
d stigma height, e anther length, f stigmatic-lobe length, g anther–
stigma separation

Fig. 3 Seed measurements of Palicourea demissa (Rubiaceae):
a length, b transverse width, c lateral width
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constant weight on an electronic balance (Shimadzu Libror

EB-280) to the nearest 0.001 g.

Statistical analyses

Differences between morphs in flower, fruit, and seed traits

were evaluated using parametric statistics. Data showed

normal distribution and homocedasticity after log (x ? 1)
transformation. Nonparametric tests were used to evaluate

morph differences between expected and observed fruits
within each pollination treatment. Untransformed data

(mean ± 1 SE) and statistical tests used are indicated in the

text. All statistical analyses were carried out using SPSS
version 12.0 (SPSS, Inc. 2003) and STATISTCA version

6.0 (StatSoft Inc. 2001).

Results

Floral morphology and distyly

The studied population of P. demissa was morphologically
distylous (Table 1). Floral morphs did not differ in the

number of anthers per flower and both morphs displayed

bilobed stigmas. However, we found size differences
between floral morphs in these and other ancillary floral

traits. Corollas, anthers, pollen grains and stigmatic lobes

of SS flowers were significantly larger than those of LS
flowers (Table 1). In contrast, LS flowers presented larger

styles than SS flowers (height to stigma). Morph differ-

ences in the number of pollen grains per flower were not
statistically significant in P. demissa (Table 1).

Reciprocal herkogamy

The anther–stigma separation (intramorphic herkogamy)
varied between morphs, being significantly larger in SS

than LS flowers (Table 1). The reciprocity index at the

population level indicated that the reciprocal herkogamy is
imperfect in this species (R = 0.045), with closer reci-

procity between lower anthers and stigmas of LS and

SS flowers, repectively (height from corolla base; t
test = 0.37, P = 0.70), and stronger asymmetry between

higher anthers and stigmas of SS and LS flowers, respec-

tively (t = 8.31, P\ 0.0001; Table 1).
We detected a high number of morph-specific significant

relationships (26 of 110 explored) among floral traits

associated to distyly in P. demissa. Most significant rela-
tionships were observed among SS flowers (18). However,

in both morphs, we found significant positive relationships

between corolla length and the floral traits that characterize
the reciprocal herkogamy of this species (Table 2).

Table 1 Flower (a), fruit (b)
and seed (c) measurements for
long- and short-styled plants of
Palicourea demissa (Rubiaceae)

Size measurements are
expressed in mm. Data indicate
mean ± 1 SE (N = sample
size)

NS non significant (P[ 0.05),
* P\ 0.01, ** P B 0.001,
*** P\ 0.0001

Traits Floral morphs t test

Short-styled Long-styled

(a) Flowers

Corolla-tube length 19.0 ± 0.28 (100) 14.5 ± 0.17 (100) 13.83***

Corolla-tube entrance width 2.9 ± 0.04 (100) 2.6 ± 0.03 (100) 5.76***

Anther height 19.6 ± 0.23 (100) 13.3 ± 0.15 (100) 23.76***

Anther length 4.6 ± 0.05 (100) 3.9 ± 0.04 (100) 10.55***

Stigma height 13.4 ± 0.14 (100) 17.1 ± 0.20 (100) -14.83***

Stigma-lobe length 4.7 ± 0.10 (100) 1.2 ± 0.02 (100) 48.40***

Pollen size 119.8 ± 1.49 (100) 92.7 ± 0.79 (100) 17.13***

Pollen per anther 377.0 ± 11.77 (54) 379.0 ± 10.46 (54) -0.29 NS

Pollen per flower 1886.0 ± 58.83 (54) 1896.0 ± 52.32 (54) -0.29 NS

Herkogamy 0.2 ± 0.005 (100) -0.1 ± 0.004 (100) 48.66***

Relative reciprocity 0.07 ± 0.01 (100) -0.003 ± 0.01 (100) 5.69***

(b) Fruits

Length 8.8 ± 0.06 (150) 8.4 ± 0.08 (150) 3.49**

Width 9.6 ± 0.08 (150) 9.5 ± 0.1 (150) 0.60 NS

Pulp mass (g) 0.03 ± 0.001 (150) 0.02 ± 0.001 (148) 4.05***

(c) Seeds

Length 5.8 ± 0.04 (150) 5.7 ± 0.05 (150) 1.19 NS

Transverse width 4.7 ± 0.05 (150) 4.6 ± 0.04 (150) 3.05*

Lateral width 2.8 ± 0.04 (150) 2.8 ± 0.03 (150) 1.09 NS

Mass (g) 0.025 ± 0.0005 (150) 0.022 ± 0.0005 (150) 4.39***
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Moreover, corolla length was strongly associated with the

corolla-tube entrance width in SS flowers, a trait associated
with anther height and herkogamy (Table 2). These par-

ticular relationships were explored further using linear

regressions, which indicated that the position of anthers
and stigma within both floral morphs and the corolla-tube

entrance width in SS flowers can be explained by variation

in the corolla size (Table 3). Nevertheless, when the slopes
of the linear regressions between morphs were compared,

we found that the corolla length is strongly correlated to

anther height in SS flowers, whereas in LS flowers, the
corolla length was more strongly related to stigma height

(Table 3).

Intramorph incompatibility

Floral morphs of P. demissa were self incompatible (self-
and intramorph incompatibility); manually pollinated

flowers produced fruits only through intermorph crosses.

When this occurred, there were no significant differences
between morphs in fruit set (Table 4). In contrast, under

natural conditions (flowers naturally pollinated) differences

Table 2 Pearson (r) correlation coefficients for traits of short-styled (SS) and long-styled (LS) flowers in Palicourea demissa (Rubiaceae)

CL CEW AH SH SL AL PGS PG/A PG/F IH

SS

CEW 0.37***

AH 0.94*** 0.45***

SH 0.70*** 0.13 0.65***

SL -0.16 0.28 -0.06 -0.44***

AL 0.49*** 0.26 0.36*** 0.33 0.11

PGS 0.02 0.32 0.10 -0.12 0.23 -0.03

PG/A -0.13 -0.29 -0.16 -0.22 -0.01 -0.04 -0.35

PG/F -0.13 -0.29 -0.16 -0.22 -0.01 -0.04 -0.35 1.00***

IH 0.33** 0.39*** 0.46*** -0.36** 0.45*** 0.09 0.27 0.07 0.07

RH 0.67*** 0.23 0.78*** 0.47*** -0.07 0.19 0.15 -0.13 -0.13 0.41***

LS

CEW 0.09

AH 0.91*** 0.09

SH 0.82*** 0.07 0.74***

SL 0.29 0.05 0.24 0.20

AL 0.05 0.08 0.02 -0.04 0.12

PGS -0.08 -0.03 -0.03 -0.01 -0.08 0.10

PG/A -0.03 0.09 0.11 -0.10 0.09 -0.09 -0.11

PG/F -0.03 0.09 0.11 -0.10 0.09 -0.09 -0.11 1.00***

IH 0.05 0.01 0.29 -0.43*** 0.05 0.06 -0.03 0.25 0.25

RH 0.74*** 0.17 0.77*** 0.57*** 0.23 0.05 0.01 0.38 0.38 0.21

CL corolla length, CEW corolla-tube entrance width, AH anther height, SH stigma height, SL stigma-lobe length, AL anther length, PGS pollen
grain size, PG/A pollen grain per anther, PG/F pollen grain per flower, IH intramorph herkogamy, RH reciprocal herkogamy. In PG/A and PG/F,
N = 54 flowers. Remaining cases, N = 100 flowers

Data were log (x ? 1) transformed. Only significant correlations after Bonferroni corrections are indicated (** P\ 0.001, *** P\ 0.0001)

Table 3 Linear regression analyses for the corolla-tube entrance
width, anther height, stigma height and reciprocal herkogamy based
on the corolla length for short-styled (SS) and long-styled (LS)
flowers of Palicourea demissa (Rubiaceae)

Variable n Linear regression t test

R2 Slope Intercept

Corolla-tube entrance width (P\ 0.0001)

SS 100 0.13 0.27** 0.25 3.98

LS 100 0.05 0.05 NS 0.50 0.74

Anther height (P\ 0.0001)

SS 100 0.87 0.73*** 0.36 26.48

LS 100 0.82 0.88*** 0.09 21.79

Stigma height (P\ 0.0001)

SS 100 0.47 0.49*** 0.51 9.31

LS 100 0.67 0.86*** 0.22 14.17

Reciprocal herkogamy (P = 0.0001)

SS 100 0.46 0.41*** -0.50 9.22

LS 100 0.54 0.57*** -0.69 10.81

Data were log (x ? 1) transformed. NS non-significant (P[ 0.05),
** P\ 0.001, *** P\ 0.0001. Differences between floral morphs in
the slopes are indicated in parentheses
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between morphs were statistically significant and SS plants

produced more fruits than LS plants (Table 4).

Fruit and seed morphology

Neither fruit diameter nor seed lateral dimensions varied

between morphs (Table 1). However, fruits and seeds from

SS plants were significantly longer and heavier than those
from LS plants (Table 1).

Discussion

Floral traits associated to distyly

The main floral traits commonly associated to the hetero-
stylous species were observed in P. demissa. Our exami-

nation of floral traits confirmed the distylous condition in

this species, a condition that has been documented in
several Angiosperm families, particularly in Rubiaceae

(Anderson 1973; Ganders 1979; Barrett 1992, 2002a). Yet

there were some interesting differences between LS and SS
flowers.

In P. demissa, the corolla length and anther–stigma

separation (herkogamy) were larger among SS flowers than

in LS flowers. Also, the relative position of anthers of SS

flowers and stigmas of LS flowers was asymmetrical
whereas in the opposite direction, the heights of sexual

organs were more reciprocal. The variation concerning the

position of the sexual organs between morphs can be
influenced by corolla size differences (see Richards and

Koptur 1993). This explanation is further supported by the

strong relationships between corolla length and those floral
traits that define distyly in both floral morphs of P. demissa
(Tables 2, 3). However, the relationships between stigma
height and corolla length is not easily explained. For

instance, it is not clear how restrictions in the extension of

the corolla tube can influence the relative position of the
stigma in flowers of both morphs because the style is not

adnated to the corolla tube like stamen filaments do (see

also Hernández and Ornelas 2003). Nevertheless, it is
possible that differences between morphs in the style

growth rate during the early development of flowers may

influence the relative position of stigmas in both floral
morphs. In Palicourea padifolia, Hernández and Ornelas

(2007b) observed an early termination of stylar growth in

SS buds and a steady size increase in LS styles, suggesting
that during the floral bud elongation of both morphs, the

stigmas of LS flowers occupy a higher position than the

stigmas of SS flowers. This evidence supports our finding
that corolla-tube length and stigma height are more

strongly related in LS flowers than in SS flowers (Table 3).

In relation to the relative position of anthers in flowers
of each morph, a possible explanation is that anthers of

both morphs increase their height with the corolla size as

anthers are adnated to the corolla tube (see also Hernández
and Ornelas 2003, 2007 b). This might therefore explain

how limitations in the development of the corolla tube

would affect the relative position of anthers within the
flowers of each morph (Pailler and Thomsom 1997). In this

respect, Hernández and Ornelas (2007 b) found that the

position of anthers between morphs of P. padifolia was
associated to differential growth rates of floral buds (see

also Richards and Koptur 1993). Pailler and Thomsom

(1997) suggested that the relationship between corolla
length and anther height explain the evolution of SS

flowers, with larger corollas than LS flowers, as observed

in this work (Table 3).
Although there is evidence of genetic regulation of the

morphologic components of heterostyly (Lewis and Jones

1992; Richards and Barrett 1992; Barrett 2002a; Barrett
and Shore 2008), there is little information regarding the

developmental genetics related to this floral polymorphism

(see Barrett and Shore 2008). From a functional and
adaptive viewpoint, yet there is a consensus in that the

stigma/height dimorphism in distylous species is the result

of strong selective forces that favor pollen transfer between
floral morphs (Ganders 1979; Lloyd and Webb 1992;

Table 4 Intramorph incompatibility results from hand self- and
cross-pollination of Palicourea demissa (Rubiaceae)

Treatments (donor ? receptor) Fruit set Binomial test

Fruits/flowers (%)

Agamospermy

Short-styled 0/29 0 ….

Long-styled 0/29 0 ….

Spontaneous self-pollination

Short-styled 0/50 0 ….

Long-styled 0/35 0 ….

Hand self-pollination

Short-styled 0/27 0 …..

Long-styled 0/32 0 …..

Illegitimate cross-pollination

Short-styled ? short-styled 0/31 0 …..

Long-styled ? long-styled 0/32 0 …..

Legitimate cross-pollination

Long-styled ? short-styled 18/21 85.7 **

Short-styled ? long-styled 20/22 90.9 ***

Natural pollination (control)

Short-styled 36/50 72.0 **

Long-styled 26/50 52.0 NS

Differences between observed and expected number of fruits are only
shown for treatments where fruit production was observed: NS non-
significant (P[ 0.05), ** P\ 0.001, *** P\ 0.0001
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Barrett 2002a; Barrett and Shore 2008). For instance, the

reciprocal position of anthers and stigmas in distylous
species has been interpreted as a mechanism that facilitates

disasortative pollination (Darwin 1877; Lloyd and Webb

1992; Barrett 2002a), in which a closer reciprocity among
sexual organs should enhance male (legitimate pollen

donation) and female (legitimate pollen receipt) repro-

ductive success. Stone and Thomson (1994) showed that
legitimate pollen transfer between floral morphs was neg-

atively associated with asymmetries in the position of
anthers and stigmas (see also Lau and Bosque 2003; Orn-

elas et al. 2004a; Hernández and Ornelas 2007a; Garcı́a-

Robledo 2008). This was due to low reciprocity among
sexual organs that diminish pollen deposition on legitimate

stigmas (Lloyd and Webb 1992; Barrett 2002a). Under this

scenario, the greater anther–stigma separation (herkogamy)
associated to the larger corolla-tube entrance width

observed in SS flowers of P. demissa might favor female

reproductive success in SS flowers and male reproductive
success in LS flowers; it would reduce physical interfer-

ence between anthers and stigma, minimizes spontaneous

self-pollen deposition, and at the same time would facili-
tate accessibility to pollinators in the SS morph (see Lloyd

and Webb 1992; Barrett 2002a, 2002b). Thus, it is rea-

sonable to predict that in the population of P. demissa here
studied, the legitimate pollen flow between morphs would

be asymmetric, with SS plants being more effective as

receptors of legitimate pollen and LS plants as pollen
donors (see Table 4).

Besides the reciprocal arrangement of anthers and stig-

mas, floral morphs of heterostylous species can also differ
in other floral traits, such as the amount of pollen grains per

flower and size of anthers, pollen grains and stigmas

(Anderson 1973; Ganders 1979, Barrett 1992; Dulberger
1992). In most studied species, SS flowers display larger

corollas, anthers, pollen grains and stigmas than LS flowers

(Anderson 1973; Ganders 1979; Sobrevila et al. 1983;
Dulberger 1992, Pailler and Thomsom 1997; Contreras and

Ornelas 1999; Thompson and Dommee 2000; Ornelas et al.

2004a; Teixeira and Machado 2004a); the association of
these traits to distyly in P. demissa was confirmed by our

study (Table 1). In contrast, LS flowers usually produce

more pollen grains than SS flowers (Ganders 1979;
Sobrevila et al. 1983; Dulberger 1992; Pailler and Thomsom

1997; Ree 1997; Contreras and Ornelas 1999; Ornelas et al.

2004a; Hernández and Ornelas 2007a; but Ornduff 1980;
Swamy and Habadur 1984; Feinsinger and Busby 1987;

Dulberger 1992; Teixeira and Machado 2004b). Compared

to the general floral dimorphism patterns in distylous spe-
cies concerning pollen production per flower, P. demissa
floral morphs did not differ in this trait. The pollen pro-

duction per flower as well as other floral traits associated to
distyly show discrepancies among populations (Ornduff

1980; Pailler and Thomsom 1997; Faivre and McDade

2001). Thus, it would be premature to conclude that the
pollen production patterns recorded here represent a stable

condition for all populations of P. demissa throughout the

Venezuelan Andes.
In distylous species, the size of the pollen grains is

usually negatively associated with the amount of pollen per

flower; LS flowers usually produce more pollen grains (but
smaller) than SS flowers, which display larger stigmas than

LS flowers (Sobrevila et al. 1983; Dulberger 1992; Pailler
and Thomsom 1997; Ree 1997; Hernández and Ornelas

2007a). According to Darwin (1877), the larger pollen

grains in SS flowers compared to those of LS could be
associated with greater energy requirements, since in

legitimate pollinations, pollen grains of SS flowers should

develop larger pollen tubes compared to those pollen grains
of LS flowers. Ganders (1979) suggested that the reduced

size of pollen grains of the LS morph could be an adap-

tation that enhances transfer probabilities toward the less
accessible stigmas of SS flowers (see also Barrett 1992).

Lastly, Ree (1997) suggested that the larger stigma in SS

flowers is an adaptation that increases the probabilities of
pollen receipt.

Dimorphism in fruits and seeds

Aside from differing in floral traits, floral morphs of

distylous species can also differ in fruit and seed traits. In
P. padifolia, Contreras and Ornelas (1999) found that LS

plants produce larger fruits than SS plants (see also Ornelas

et al. 2004a). In P. demissa, we found that SS plants pro-
duce larger fruits and seeds than LS plants. It is not yet

clear why distylous morphs would differ in fruit and seed

size. Ornelas et al. (2004b) found that fruit mass decreased
as the proportion of foliar damage increased, and the effect

was most pronounced in LS plants that produced larger

fruits and seeds. The reproductive consequences of morph
differences in fruit and seed size were not explored in

P. demissa, however, it is likely that smaller seeds have low

germination rates and seedlings are usually less successful
than those that germinate from larger seeds (Khurana and

Singh 2000; Dalling and Hubbell 2002). Thus, one would

expect that larger seeds from larger fruits of SS plants
would be more successful than those seeds of LS plants.

However, since the current morph ratio in the P. demissa
population is 1:1 (Valois-Cuesta and Novoa-Sheppard
2006), it is possible that other factors such as seed viability,

predation pre- and post-dispersal, and herbivory play a

role in the facilitation of a balanced establishment of both
morphs in La Mucuy cloud forest.

Our pollination experiments showed self-incompatibil-

ity (self- and intramorph) in P. demissa, both morphs only
developed fruits when their stigmas were pollinated with
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pollen from the opposite morph. Under controlled condi-

tions, morphs showed similar fruit set, suggesting that both
morphs have similar potential to transfer genes to the next

generation through their female function. However, under

natural conditions fruit set was significantly higher in SS
plants, which suggests that the morphology and foraging

behavior of pollinators may play a role in the expression of

heterostyly in P. demissa (see also Ornelas et al. 2004a).
Overall, the floral morphometry of P. demissa indicates

that the conditions for disassortative pollination between
morphs are partially fulfilled, since reciprocal herkogamy

was imperfect between anthers and stigmas of SS and LS

flowers, and under natural conditions SS plants set more
fruits than LS plants. Further study is needed to determine

whether morph differences in fruit production are pro-

moted by asymmetry in pollen flow under natural
conditions.
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