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LEAF DEMOGRAPHY OF A NEOTROPICAL RAIN FOREST
CYCAD, ZAMIA SKINNERI (ZAMIACEAE)!
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Tropical rain forest understories are extremely light-limited environments. Little is known about the demography of leaves
in these habitats. To determine leaf longevity and causes of mortality for a species in the understory of a neotropical rain
forest, we studied 634 leaves on 173 individuals of the cycad shrub Zamia skinneri for 10 yr at the La Selva Biological
Station, Costa Rica. Five different seasonal cohorts of leaves were followed. No significant differences among cohorts were
found in median leaf longevity, but the cohorts did differ in the proportion of leaves dying in annual intervals from <1 to
=6 yr. Median minimum time alive for all leaves was 4.6 yr. Epiphyll coverage increased from 0% in the first year of life
to 75%-100% by year 4. Leaf mortality was well described by two separate exponential functions, approximately 10%
mortality/yr until year 4, then abruptly increasing to ca. 51%/yr. Of 625 leaf deaths, 77.0% were due to unexplained causes,
16.5% to physical damage by falling litter, 4.8% to attacks by larvae of the lycaenid butterfly Eumaeus minyas, and 1.8%
to other causes. Leaf longevity was positively correlated with leaf size. Individuals of Z. skinneri frequently survive more
than a century in very dark understory conditions. We suggest that leaf longevity in these circumstances is determined by
the inevitable deterioration in leaf carbon balance due to leaf aging and increasing epiphyll coverage, and by loss due to

physical damage and attacks by the specialist herbivore.

Among terrestrial environments, tropical rain forest
understories represent extremes on two ecological gra-
dients. One gradient is light. The scarcity of photosyn-
thetically active radiation (PAR) limits the growth of all
species studied to date in neotropical rain forest under-
stories (cf. Chazdon, 1986a; D. A. Clark and D. B. Clark,
1987; D. B. Clark and D. A. Clark, 1987; Smith, 1987;
Oberbauer et al., 1988, 1989; Bongers and Popma, 1990;
Denslow et al., 1990). Except in and around treefall gaps,
light availability in the understory is usually <2% of in-
cident PAR (Chazdon and Fetcher, 1984; Oberbauer et
al., 1988, 1989). Another ecological gradient is that of
potential herbivore pressure. Most tropical rain forest
herbivory is due to invertebrates (Dirzo, 1987), and spe-
cies diversity of arthropod herbivores is enormous (Erwin,
1988). Plants of tropical rain forest understory face this
array of potential enemies without the advantages of sea-
sonal deciduousness or major herbivore-decimating cli-
matic events like temperate zone winters. There are few
published data on leaf longevity under these conditions
(cf. Bentley, 1979; Bullock, 1980; Ash, 1986, 1987; Chaz-
don, 1986b).

Since 1980 we have been carrying out a long-term study
on natural populations of the cycad Zamia skinneri
Warscz. ex A. Dietr. (hereafter “Zamia’; Fig. 1) at the
La Selva Biological Station, Costa Rica. In previous ar-
ticles we have analyzed patterns of leaf production, re-
production, and herbivory (D. A. Clark and D. B. Clark,
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1987; Clark and Clark, 1988, 1991). Here we present data
on the longevity of different cohorts of leaves and describe
the causes and patterns of leaf mortality. By integrating
these data with our previous findings, we will show how
different factors affect the acquisition and maintenance
of leaf area by Z. skinneri in an extremely light-limited,
herbivore-rich environment.

MATERIALS AND METHODS

Description of species— Zamia skinneri is a shrub of
Central American lowland rain forest understories (Go6-
mez, 1982). At La Selva Z. skinneri is the only cycad.
The species is strictly dioecious; during 10.5 yr of obser-
vation we have observed no sex reversals. Individuals
usually have a single stem which produces new leaves
only at the apex. Plant size is typically one to 30 leaves,
and minimum size at reproduction is five to six leaves.
AtLaSelva, Zamialeaf production peaks at the beginning
of the wet season (May-July), although some leaves are
produced in all months. Both leaf production and repro-
duction are limited by light and are positively correlated
with plant size. Leaf production averaged slightly over 1
leaf/yr for 180 plants over a 7-yr study interval. Over the
same 7-yr period the median total number of reproductive
episodes for both male and female plants was one. A cost
of reproduction shown by both sexes is a decreased prob-
ability of producing leaves after strobilus production; the
effect is more pronounced in females than in males.

Cycads are well known for their ability to accumulate
potent toxins and carcinogens. Young leaves of Zamia
Aoridana, for example, contain 0.21% dry weight of cy-
casin, a glucoside of methylazoymethanol (MAM) (Roths-
child, Nash, and Bell, 1986). The foliage of many cycads,
including Zamia skinneri, is further protected by its phys-
ical toughness. At La Selva, Z. skinneri is attacked by
only one major herbivore, the gregarious larva of the
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Fig. 1. The cycad Zamia skinneri in the understory of primary tropical wet forest at La Selva, Costa Rica.

lycaenid butterfly Eumaeus minyas (Clark and Clark,
1991). The only parts of the plant vulnerable to recently
hatched larvae are soft new leaves (< ca. 65 d old, un-
published data) or male or female strobili. Larger larvae
can eat tough older leaves and even the stem. Of 1,475
new leaves initiated over a 7-yr period, 21% were lost to
herbivory, mainly to Eumaeus. Each episode of leaf pro-
duction, therefore, carries with it the risk of major tissue
loss, or on occasion, death of the plant.

Study site—The study was carried out in primary and
secondary forest at the La Selva Biological Station of the
Organization for Tropical Studies (OTS), located in the
Caribbean lowlands of the Republic of Costa Rica. The
forest at La Selva is classified as tropical wet forest in the
Holdridge system (Hartshorn, 1983). Rainfall averages
ca. 4,000 mm yr~!, with no month averaging <100 mm
(OTS unpublished records). Almost all individuals were
located on an old alluvial terrace soil classified as an andic
humitropept (Sancho and Mata, 1987).

Methods —The 173 study plants were originally selected
haphazardly. The sample was biased toward larger in-
dividuals, but not biased with respect to sex (plants were
not reproductive at the initiation of the study, and sexes
are vegetatively indistinguishable to us). Plants were cen-
sused three to five times a year from March 1980 until
January 1990. At each census we recorded the presence

of marked leaves as well as number of new, unhardened
leaves, total number of leaves, number of dead leaf ra-
chises, and reproductive condition. We noted any obvious
causes of leaf mortality (e.g., falling litter, plants uprooted
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Fig. 2. Survivorship of five cohorts of leaves of Zamia skinneri at
the La Selva Biological Station, Costa Rica. Cohorts are described in
Table 1. Only dates with N = 5 are graphed.



