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MAINTENANCE OF A DECEITFUL REPRODUCTIVE STRATEGY IN BEGONIA INVOLUCRATA BY A
MALE-BIASED SEX RATIO

Justin E. CAMPBELL, RAFAEL D. ROSENGARTEN, AND DORA J. SUGAR

Abstract: Begonia involucrata is a monoecious perennial herb that has rewardless female flowers that mimic the
pollen-producing male flowers. We quantified the male-biased sex ratio among open flowers, and showed that
this ratio is maintained across inflorescence generations. We counted the number of open flowers, large buds,
small buds, and seeds on 291 inflorescences, and distinguished florets as being male or female. Open male
flowers were three times more abundant than open female flowers in the current and next generation. Though
male and female florets are initially produced in equal numbers, maintaining a male-biased sex ratio of mature

florets may confer a benefit of increased pollination.
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INTRODUCTION

Begonia involucrata is a monoecious pe-
rennial herb that has rewardless female flow-
ers that mimic the pollen-producing male
flowers. Pollinating bees are deceived into
visiting the female mimics because their stig-
mas resemble the male anthers and they pro-
duce identical odors (Agren and Schemske
1991). For the mimicry to succeed, the mimic
flower must be less common than its model.
B. involucrata accomplishes this inequality
through delayed development of its monoe-
cious flowers. Male flowers of B. involucrata
develop before female flowers and have a
longer phase as a mechanism to keep reward
flowers more abundant (Agren and Schemske
1991). We quantify the male-biased sex ratio
of open flowers, and demonstrate that this bias
is stable across inflorescence generations.

METHODS

We sampled begonias along all trails
at the Monteverde site. Each flowering plant
was categorized as solitary or within a patch
(3 or more plants), and we counted the num-
ber of inflorescences, open flowers, large buds,
small buds, and seeds. We distinguished each
flower and bud as being either male or female.
We counted 291 inflorescences from 15 soli-
tary plants and 12 patches. Large buds were

assumed to represent the next generation of
open flowers. We calculated the sex ratio of
open flowers in the current and the next gen-
eration, and determined the replacement
probabilities of male, female, and mixed in-
florescences using a chi-squared contingency
table.

Resurts

Open male flowers were three times
more abundant than open female flowers in
the current (paired-t = 4.96, df = 290, P =
0.0001) and next generation (paired-t = 8.44,
df =208, P = 0.0001; Fig. 1). The sex ratio in
the next generation was not significantly dif-
ferent from that of the current (paired-t = 0.44,
df =11, P = 0.67). The sex ratio did not differ
significantly between patch plants and inde-
pendent plants for either the current genera-
tion (t = -0.31, df = 238, P = 0.76) or the next
generation (t = 0.70, df = 236, P = 0.48). Fifty-
seven percent of current inflorescences had all
male open florets, 18% had all female, and 25%
were mixed (Fig. 2). Sexes of inflorescences
change non-randomly over time; males either
remain male or become female or mixed, and
females either remain female or go to seed ()
=97.6,df = 291, P = 0.0001; Fig. 2).
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Fig. 1. A greater proportion of open flowers, averaged
across all inflorescences, are currently male. The next
generation of open flowers will also be male-biased.
(Means +1 SE, n=291).
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Fig. 2. All-male inflorescences may be all-male, all-
female, or mixed in the next generation. Points represent
the proportion of open flowers on an inflorescence that
are currently male and the proportion that will be male in
the next generation. The histogram shows the number of
all-male, all-female, and mixed-gender inflorescences for
open flowers.

Discussion

Begonias may be genetically con-
strained to produce equal ratios of immature
male and female florets but have evolved
other mechanisms to maintain a male-biased
sex ratio of its open florets. Agren and

Monteverde

Schemske (1991) found an even sex ratio in
inflorescence buds. We quantified a male-bi-
ased ratio that was stable over two genera-
tions. This result is consistent with the as-
sumption that in a deceit system, the mimic
must be rarer than the model in order for the
pollinator to continue visiting similar flowers.

We showed that inflorescences with all-
male open florets will either remain all-male
or begin the transition to all female, whereas
all-female inflorescences are terminal and will
either remain female or go to seed. Agren and
Schemske (1991) suggest that for the success
of B. involuncrata’s deceit system, the female
phase of an inflorescence should be short rela-
tive to the male phase, to reduce the time pol-
linators have to learn the position of the
rewardless females. The spatial turnover of
females, resulting from buds opening and
maturing at different times, may help main-
tain the unpredictability of their location to
pollinators.

We are interested in the fate of the im-
mature female florets that initially equal males
in number. If all florets eventually mature,
then the sex-ratio must become female-biased
at the end of the flowering season. This would

result in a drastic decline in pollination suc- -

cess in the last generation. Alternatively, fe-
male florets may have high mortality before
maturation. The benefit of increased pollina-
tion by maintaining the male-biased sex ratio
may outweigh the cost of dropping immature
flowers. Future research could reveal the du-
ration of the male-biased sex ratio. Also, com-
parison with other Begonia species may show
the sex ratio found in B. involuncrata exists
across the genus, and potentially in other taxa
with similar deceit strategies.
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