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Emerging insights into the ecophysiology of dioecy in
cycads: a call for research
Sophia Gosetti, Christopher P. Krieg & Katherine A. McCulloh
Cycads are one of the most endangered plant
groups on the planet, with more than 65% of
species threatened with extinction (IUCN,
2003), yet many aspects of their biology are
poorly understood. For example, cycads are
dioecious, meaning there are male and female
individuals, and although dioecy has been
hypothesized to lead to divergent selective
pressures for reproduction, much is unknown
about the ecophysiological implications of
dioecy in cycads (Krieg et al., 2017).
Additionally, cycads are in a unique
phylogenetic position because they are one of
the first dioecious vascular plant groups
(Nixon et al., 1994) and the earliest diverging
seed plant lineage with complete dioecy (i.e.
strict sex separation and without
hermaphroditism).
Research on dioecy in cycads is crucial to
understand how males and females in early
seed plants allocate resources to various
functions, such as growth, defense from
herbivory, and reproduction. Because
resources in the environment are limited,
allocation to each of these processes
competes with one another, thus creating
trade-offs within an individual plant (Fig. 1).
When reproductive effort is separated
between sexes, as in dioecious systems, then
the selective pressures acting on allocationrelated trade-offs are also separated. One
example of a possible trade-off is the
relationship between reproductive structures

like cone production, and vegetative growth
like the number of leaves an individual can
support, as both processes require energy
from the plant. If one sex allocates more of its
energy to reproduction than the other sex,
then it is possible that other aspects of growth
may be reduced in one sex more than the
other (Fig. 1). Indeed, similar observations
have been made in some cycads, where
reproductive individuals of both sexes of the
species Zamia skinneri increased their number
of leaves the year before cone production
(Clark & Clark, 1988), which is consistent with
reproduction being a generally very costly
process (because leaf photosynthesis is the
main way to acquire and store carbon). In the
same study, females did not grow new leaves
up to two years after reproduction, indicating
that there may be a higher energy cost for
females, so much so that they could not afford
new leaf growth after reproductive events
(Clark & Clark, 1988). Despite evidence for
some morphological differences (e.g., leaf
number) between males and females, little is
known about the actual carbon costs for
growth and reproduction in either sex or
allocation patterns across any cycad species.
Recent research suggests that divergent
selective pressures on reproductive traits in
males and females may have contributed to
physiological differences between the sexes in
cycads (Krieg et al., 2017), and to their
pollination biology (Terry et al., 2007, 2012).

For example, many cycad species are
pollinated by insects that distribute pollen
from male plants to female plants (Tang, 1987;
Terry et al., 2007). In order to attract
pollinators, many cycads undergo periods of
thermogenesis (heating of cones before and
during pollen shedding) to emit volatile
compounds thought to attract pollinators
(Suinyuy et al., 2010, 2013). In some species,
male cycads can undergo greater degrees of
thermogenesis than females, but the
consequences thermogenesis may have on
resource allocation are not well understood. It
seems plausible to posit that if heating a cone
for thermogenesis requires large amounts of
energy, then there might be a concurrent
increase in carbon acquisition (e.g. via
increased photosynthesis) to gather and/or
store the energy needed for thermogenesis.
Plants can increase their photosynthetic
carbon uptake in a variety of ways, including
increasing the total number of leaves and/or
increasing the photosynthetic capacity per
leaf. The observations of leaf growth in Zamia
skinneri prior to reproduction may indicate that
one-way individual plants are increasing their
carbon uptake is by increasing their total leaf
area. However, it remains unclear if increasing
the total number of leaves and/or increasing
the photosynthetic capacity per leaf are
mechanisms to ‘pay’ for the costs associated
with reproduction.

Figure 1. Potential consequences of disproportional resource allocation to reproductive effort on other important processes.
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There are clear gaps in our knowledge of
ecophysiological differences between males
and females, as well as between sterile and
fertile individuals of the same sex. Future
research should focus on the extent to which
nutrient uptake and allocation differ between
males and females, as well as their stress
tolerance, and if these processes change with
phenology and reproductive status within each
sex. If males and females differ in key ways
such as in their resource requirements for
reproduction, then a single habitat may be
better suited for one sex to reproduce than the
other, and potentially impact population
dynamics. Furthermore, if males and females
differ in their responses to environmental
stressors (which remains entirely unexplored
in cycads), then males and females may
respond differently to climate change.
Ultimately, a better understanding of the
ecophysiological trade-offs associated with
dioecy in cycads may help conservation
practitioners form effective plans for their
conservation and possibly the conservation of
other plant groups, if connections can be made
between the trade-offs in cycads and those in
other dioecious plant groups.
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