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EVOLUTION OF A FLOWER DIMORPHISM:
HOW EFFECTIVE IS POLLEN DISPERSAL BY “MALE” FLOWERS?!

ROBERT D. PODOLSKY?
Department of Zoology, University of Florida, Gainesville, Florida 32611 USA

Abstract. Many plants produce more flowers than will set fruit. In some species, a
subset of flowers are actually female-sterile and morphologically distinct; these flowers are
presumed to enhance fitness primarily through pollen donation. Individual plants of the
hummingbird-pollinated shrub Besleria triflora produce both long-styled and short-styled
flower morphs, characteristic of these ‘“andromonoecious” sexual systems. Short-styled
flowers set fruit rarely when hand-pollinated and are therefore functionally staminate. To
test the hypothesis that selection for increased male function maintains flower dimorphism,
I measured relative pollen dispersal per unit investment by staminate vs. perfect (long-
styled) flowers. In the field, anthers of perfect flowers dispersed pollen for a significantly
longer time than did those of staminate flowers. In laboratory experiments, hummingbirds
transferred more pollen per visit from perfect flowers than from staminate flowers, in part
due to differences in flower-morph pollen production. As a result, perfect flowers dispersed
substantially more pollen than staminate flowers over an average flower lifetime. The two
flower morphs did not differ in the amount of biomass invested through the time of corolla
abscission, suggesting that staminate flowers do not conserve resources substantially. These
results fail to support the “male-function” hypothesis for the evolution of andromonoecy.
Staminate flowers contribute relatively little to plant reproductive success directly through
male function, suggesting they are maintained for reproductive functions other than pollen

donation.
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INTRODUCTION

Numerous studies have shown that slight variation
in floral traits can affect the way a flower contributes
to plant reproduction through seed set, pollen dona-
tion, and pollinator attraction (Bawa and Webb 1983,
Bell 1985, Galen and Stanton 1989, Murcia 1990). In
the more specialized “monoecious” sexual systems,
individual plants bear distinct flower morphs (Bawa
1979, Lloyd 1979). Presumably, natural selection
should maintain distinct flower morphs on individual
plants only when each morph performs some repro-
ductive function more effectively than other morphs.
However, few studies have experimentally demon-
strated such an advantage to floral specialization (Rich-
ards 1986).

In the sexual system known as andromonoecy, in-
dividual plants produce staminate flowers, which are
incapable of seed production, and perfect (hermaph-
rodite) flowers. Major hypotheses for the evolution and
maintenance of andromonoecy emphasize resource al-
location (Bertin 1982). When resources limit fruit pro-
duction, selection should favor individuals that pro-
duce a portion of flowers that do not set fruit but that
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serve other reproductive functions, such as pollen do-
nation or pollinator attraction. Studies commonly as-
sume that pollen donation is the primary function of
staminate flowers (Coleman and Coleman 1982, Pel-
lymr 1986, Solomon 1986, May and Spears 1988),
which is consistent with the more general hypothesis
that plants produce more flowers than can set fruit in
order to increase fitness achieved through male func-
tion (Sutherland and Delph 1984). However, whereas
low fruit-to-flower ratios are common among angio-
sperm species (Sutherland and Delph 1984), the pro-
duction of distinct flower morphs is relatively rare
(Yampolsky and Yampolsky 1922). This suggests that
additional factors are needed to account for the evo-
lution and maintenance of staminate flowers in andro-
monoecious species.

I examined the reproductive consequences of flower
dimorphism in Besleria triflora (Gesneriaceae), a self-
compatible, hummingbird-pollinated shrub in Costa
Rican cloud forest. The production of staminate flow-
ers in B. triflora could enhance male reproductive suc-
cess in two ways: directly, by dispersing pollen more
successfully than perfect flowers, or indirectly, by at-
tracting pollinators and increasing pollen dispersal from
other flowers better than would a monomorphic dis-
play. Using field experiments (Podolsky 1992) I re-
jected the hypothesis that staminate flowers indirectly
enhance pollen dispersal more effectively than perfect
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flowers. In this paper I evaluate direct contributions
to male reproduction, and use ““male function” to refer
specifically to the performance of morphs in pollen
donation.

The male-function hypothesis for the evolution of
andromonoecy predicts at least one of two benefits
regarding the relative efficiency of flower morphs at
pollen dispersal. (1) Staminate flowers could disperse
pollen more effectively than perfect flowers, either by
redirecting resources from pistil development to pollen
production (Bertin 1982, Whalen and Costich 1986),
or by developing a morphology better suited for pollen
dispersal when no longer accomodating female func-
tion (van der Pijl 1978). (2) Staminate flowers could
cost less to produce (Solomon 1986), especially when
pistils are a significant portion of the floral mass (Bell
1985, Cruden and Lyon 1985). Together these poten-
tial benefits predict that staminate flowers should dis-
perse more pollen per unit investment than perfect
flowers.

Here I describe characteristics of flower morphs,
confirm the andromonoecious sexual system of B. tri-
flora, and examine relative pollen dispersal by the two
morphs. Because it is impractical to gain a field esti-
mate of pollen donation by long-lived flowers (Bertin
1988) I divide the problem into two parts, one that
can be addressed in the field (“how long do flower
morphs disperse pollen?”’) and one in the laboratory
(‘““how much pollen do they disperse per visit?"’). Com-
bining these measures, I estimate relative pollen dis-
persal by the two flower types over a typical flower
lifetime.

STUDY SITE AND ORGANISMS

This study was conducted at the Monteverde Cloud
Forest Reserve (=1600 m) in central Costa Rica
(10°18" N, 84°49" W). Besleria triflora (Oerst.) Hanst.
is a common understory shrub (1-3 m tall) in virgin
lower montane rainforest (Lawton and Dryer 1980).
Plants flower from February through July and peak
during early wet-season rains or April-May (Feinsinger
etal. 1991). No temporal or spatial separation between
flower morphs is apparent; staminate flowers are pro-
duced throughout the season and are intermixed with
perfect flowers on branches (Podolsky 1989). All reg-
ularly censused plants within this study population have
produced both staminate and perfect flowers, with a
positive correlation between numbers of the two morphs
on individual plants over a season (N = 31, rg = 0.71,
P < .001).

Flowers have a bright orange, tubular corolla =15
mm long with an opening diameter of =3 mm. Perfect
flowers are protandrous, opening with four fused an-
thers at the top of the corolla, concealing a single closed
stigma. Pollen is on the undersurface of anthers and is
deposited on the top of an inserted hummingbird bill.
The stigma is exposed to pollen receipt only after an-
thers drop to the corolla bottom. The same temporal
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change occurs in staminate flowers, but the stigma is
positioned deep within the corolla near the ovary. In-
dividual flowers persist in each phase (anthers up vs.
down) for one to several days. Throughout this paper,
I refer to “male-phase” flowers (staminate or perfect)
as those with anthers up, in position to deposit pollen.

Exclusive pollination of B. triflora by the short-billed
hummingbird Lampornis calolaema (Feinsinger et al.
1986) enabled me to evaluate the importance of floral
traits in the context of a predictable and highly efficient
pollen vector. This avoids complication in interpre-
tation introduced by an unspecialized pollinator fauna
(Primack and Lloyd 1980, Coleman and Coleman 1982)
or by large variance in pollen transfer due to imprecise
flower handling (Levin and Berube 1972, Harder and
Thomson 1989). Lampornis calolaema is also easily
trained in captivity, facilitating experiments to mea-
sure pollen transfer between flowers.

METHODS

Flower characteristics. —Over a 1-mo period near the
end of peak flowering (May—June) in 1987, I collected
319 flowers from 41 plants from which pollinators had
been excluded using nylon bagging. To characterize the
distribution of style lengths, I measured the length of
the style from the top of the ovary to the stigma tip.
To compare anther position in perfect and staminate
flowers, I measured the length of the anther from the
top of the ovary to the distal tip of the anther. I used
male-phase flowers collected haphazardly from the field
for use in unrelated laboratory experiments (Podolsky
1992).

To assess dry mass accumulation over the devel-
opment of floral organs, I dried to constant mass at
60°C flowers and several characteristic stages of buds
and fruits collected from each of 12 plants, and weighed
these individually. Dry mass has been used to compare
the “cost” of investment in flowers within species (Pri-
mack and Lloyd 1980, Bell 1985) and across mating
systems (Cruden and Lyon 1985). I also measured the
transverse diameter of the ovary for small samples (N
= 18) of each flower morph.

Female function. —Pollination experiments tested the
hypothesis that short-styled flowers would not produce
fruit. Throughout the 1988 flowering season I chose
from individual plants pairs of staminate flowers that
had ended male phase; I supplemented the stigma of
one with outcross pollen, leaving the other undis-
turbed. The outcross pollen came from a single donor
plant at least 5 m distant. Flowers were tagged and
followed through fruit maturation or abortion.

Male function.— The success of a flower at dispersing
pollen depends on the total amount produced, the du-
ration of presentation, the amount removed per visit,
and the rate of visitation (Galen and Stanton 1989).
To measure the amount and viability of pollen in an-
thers of both flower morphs, I removed whole anthers
from flowers, macerated them in a test tube with 0.5



