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SUMMARY

(1) Zamia skinneri is a long-lived cycad inhabiting the shaded understorey of tropical
rain forest. To evaluate the effects of habitat and plant size on reproductive performance of
this dioecious species, 200 individuals were studied for 6 years at the La Selva Biological
Station, Costa Rica.

(2) The ability to reproduce and the sex of reproductive plants were related to plant size
(females > males > non-reproductives) and to the amount of incident light, as indicated
by the openness of the surrounding canopy.

(3) For both female and male plants, several indices of potential reproductive success
increased with plant size. For females, cone size, length of the receptive period and
frequency of cone production were greater for larger plants. Larger males produced more
numerous and larger cones, released pollen over a longer period and produced cones more
frequently.

(4) Males began releasing pollen before the first female was receptive, and individual
males were reproductively active for longer periods than individual females were receptive.

(5) In primary forest, potential reproductive success of males was related to a temporal
aspect of reproductive effort. Males with more cones shed pollen over a longer period and,
therefore, overlapped temporally with more females.

(6) In primary forest, there were only two major reproductive episodes in 6 years. Of the
plants which had reached the minimum of ten leaflets per leaf needed for reproduction
(adult-sized plants), fewer than 20% produced cones in each episode. Only 26% of the
adult-sized plants produced cones during the 6 years.

(7) The sex ratio of reproductively-active plants in primary forest was strongly male-
biased on a daily basis, over a total reproductive episode, and for the entire 6-year period.

(8) Reproductive behaviour was very different in secondary forest, where incident light
was higher. A much higher proportion of the adult-sized individuals produced cones
during the 6-year period (73% compared to 26% in primary forest), and there were three
major reproductive episodes.

(9) For this long-lived dioecious plant in a very light-limited environment, reproduction
is strongly influenced by light availability and by plant size. The greater resource demands
for female reproduction contribute to the strongly male-biased sex ratios during episodes
of reproductive activity in primary forest.

INTRODUCTION

Recent theoretical analyses of plant reproductive biology have identified the need for
comparative study of male and female sexual expression in natural populations
(Freeman, Harper & Charnov 1980; Bawa 1983; Willson 1983; Lloyd & Bawa 1984). How
are male and female functions affected by environmental or physiological constraints? In
one sense, dioecious plants provide the simplest cases for addressing this question,
because male and female functions do not co-occur within individuals. Recent field
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studies of dioecious species (Meagher 1980, 1981; Bullock & Bawa 1981; Meagher &
Antonovics 1982; Bullock, Beach & Bawa 1983; Herrera 1984) have contributed an
empirical basis for the analysis of investment in male and female functions. Such field data
are also needed to evaluate current theories of the evolution of dioecy (Bawa 1980;
Givnish 1980; Lloyd 1982; Willson 1983).

In this paper we present findings from a 6-year study of the population ecology of a
long-lived, dioecious cycad (Zamia skinneri) inhabiting the shaded understorey of a
tropical rain forest. This paper analyses the timing of reproduction and its ecological and
developmental correlates in natural populations of the cycad. Observations on cone
development, pollination and seed dispersal will be presented elsewhere. Here we address
the following questions about the reproductive behaviour of the two sexes in Z. skinneri.
What is the sex ratio in natural populations? How are sex ratios affected by the size of
individuals, habitat and time (Meagher 1981)? Do the sexes differ in frequency and
pattern of reproductive activity? What factors are potential indicators of male and female
reproductive success? How does the timing of reproductive activity influence the number
of potential mates?

THE SPECIES

Zamai skinneri Warscz. (Zamiaceae) occurs in wet forest in Central America (Gomez
1982). The plant bears a rosette of one to twenty-four or more compound pinnate leaves
at the apex of the woody stem. The leaf length ranges from 7 cm in seedlings to more than
170 cm in large adult plants. The stem can be erect and up to 1-5 m tall, or subterranean
with the leaves at or close to the ground. Most plants are single-stemmed; a few have two
major stems.

Like all cycads, the genus Zamia is dioecious, and there are no documented cases of sex
change in Zamia species. Zamia skinneri exhibits no noticeable vegetative dimorphism
between the sexes. When reproductively active, females produce one strobilus per stem, in
the centre of the rosette of leaves. During the pollination period, the female strobilus
(hereafter called a ‘cone’) develops a 1-4 mm wide opening between the two lowest rows
of sporophylls. This subsequently closes, sealing the cone until it disintegrates 14 months
later. Male plants produce between two and ten ‘cones’, which mature and release pollen
sequentially. When each male cone matures, the cone axis elongates and pollen is released
through openings formed between the microsporophylls. Several days after the
microsporophylls separate, the cone turns brown and rots. Zamia skinneri is insect-
pollinated (D. A. Clark & D. B. Clark, unpublished).

STUDY SITE AND METHODS

The study was carried out at the La Selva Biological Station of the Organization for
Tropical Studies, in the wet Atlantic lowlands of Costa Rica (10°26’N, 84°00'W). The
forest is classified as a transition between tropical wet and tropical premontane wet
(Hartshorn 1983), with a mean rainfall of 3978 mm per year.

In March 1980, 200 plants of Z. skinneri were marked and mapped in four sites within
La Selva: two sites in primary and two in secondary forest. All study sites were on the
same soil terrace (thought to be old alluvial soil; Hartshorn 1983); the maximum distance
between sites was less than 1 km. Most of the mapped plants were in two primary forest
sites. The other two sites were in tall secondary forest, with higher irradiance due to a less
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TaABLE 1. The relation between reproductive activity and maximum plant size
during 1980-85 in the sample of Zamia skinneriin tropical wet forest at the La Selva
Biological Station, Costa Rica. Sample sizes are given in parentheses.

Proportion of plants (in a

Plant size given size class) in each

(number of reproductive category

leaves) Non-reproductive  Male  Female
2-5 0-91 (59) 0-09 (6) 0-00 (0)
6-10 0-61 (63) 0-32(33) 007 (7)

11-15 0-44 (4) 022(2) 033(3)

16-24 0-00 (0) 0-40 (4) 060 (6)

(number of leaflets
on largest leaf’)

811 0-87 (40) 009 (4) 0-04 (2)
12-15 0-74 (72) 0:23(22) 0-03 (3)
16-19 0-38 (14) 0-43(16) 0-19 (7)
20-23 0-13 (1) 0-37(3) 0-50 (4)

dense canopy and adjacent cleared areas. In October 1982 and in October 1985 a spherical
densiometer (Lemmon 1956) was used at leaf height to measure the openness of the
surrounding canopy (an index of available light) for all plants.

At the start of the study the population was not reproductively active, so that the plants
were marked without a knowledge of their sex. The sample was not random with respect
to size, however; larger plants were included preferentially, and the smallest sizes were not
included.

From March 1980 to January 1986 all plants were censused three to five times a year for
survivorship, reproductive state (with or without a cone), and number of leaves. Leaf size
(number of leaflets on the largest leaf) was assessed during each year of a major
reproductive episode. The values for size and reproductive variables for double-stemmed
plants (n=10) are from the larger stem.

During the 1981 reproductive episode, censuses were made every 1-3 weeks for total
cone number and phenology of cone maturation. After the 1981 episode, further
reconnaissance of more than 100 ha of forest resulted in locating fourteen additional
females (thirteen in primary forest); twelve of these primary forest plants were monitored
in the population censuses of 1982-85. During the 1985 reproductive episode, the
phenology of cone maturation was followed almost daily. Observations of the size and
reproductive activity were also made on six additional active females encountered in 1985
in primary forest.

RESULTS

Sex and plant size

The reproductive status of Z. skinneri was related to plant size, defined either as total
leaf number or as the number of leaflets on the largest leaf. The proportion of individuals
which were reproductively active during the 6-year study period increased from 9% of
plants which had a maximum of two to five leaves in 1980-85 (n=65) to all those with
sixteen to twenty-four leaves (n=10) (Table 1). Similarly, while only 13% of the plants
with fewer than twelve leaflets per leaf in the 6 years (n=46) produced cones, 67% of the
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F1G. 1. The proportion of adult-sized Zamia skinneri producing cones each year in primary forest

and secondary forest samples at the La Selva Biological Station, Costa Rica. Symbols: B, primary

forest; O, secondary forest; M, plants producing male cones; F, plants producing female cones.

Sample size in primary forest: n=144in 1980, 1981, and 1985; n=148 in 1982 and 1983; n=145in
1984; in secondary forest: n=28 in 1980-83; n=30 in 1984; n=29 in 1985.

plants with sixteen or more leaflets per leaf (n=45) were reproductively active at least
once (Table 1).

Females which were reproductively active during 1980-85 were significantly larger
(maximum leaf number in 1980-85: X =12-6; n=16) than the active males (X =8:6 leaves;
n=45) (Mann—Whitney U, P=0-0051). The smallest reproductively-active females had a
maximum of six leaves (range 6—-24) during the 6 years while, for the smallest active males,
the maximum leaf number was three (range 3-23). Active females and males were not
distinguishable, however, in terms of maximum leaflet number during 1980-85
(Rfemate =161 (n=16), Xpae =149 (n=45); Mann—Whitney U, P=0-17).

The non-reproductive plants were significantly smaller than active males and females,
both in terms of maximum leaf number (Xnon-reproductive=59; #=126; Mann—Whitney U
both with males and with females, P < 0-0001) and maximum leaflet number in the 6-year
period (Xnon-reproductive = 12°3, . =127; Mann—Whitney U both with males and with females,
P <0-:0001). The minimum size of reproductive plants in any of the episodes was ten
leaflets per leaf. We used this criterion to define adult-sized plants.

Reproduction in primary forest

Only in 1981 and 1985 were cones of both sexes produced by the marked primary forest
plants (Fig. 1). In each of the other 4 years, not more than one primary forest plant was
reproductively active. Even during the two reproductive episodes, only a small proportion
of the adult-sized plants produced cones (Table 2). Over the entire period, only 26% of the
adult-sized plants in the primary forest sample (»=151) produced any cones.



