Ecological Monographs, 62(3), 1992, pp. 315-344
© 1992 by the Ecological Society of America

LIFE HISTORY DIVERSITY OF CANOPY AND EMERGENT
TREES IN A NEOTROPICAL RAIN FOREST!

DEBORAH A. CLARK AND DAvID B. CLARK
La Selva Biological Station, Organization for Tropical Studies, Apartado 676, 2050 San Pedro, Costa Rica

Abstract. To assess the diversity of tropical tree life histories, a conceptual framework
is needed to guide quantitative comparative study of many species. We propose one such
framework, which focuses on long-term performance through ontogeny and over the natural
range of microsites. For 6 yr we annually evaluated survival, growth, and microsite con-
ditions of six non-pioneer tree species in primary tropical wet forest at the La Selva
Biological Station, Costa Rica. The species were: Lecythis ampla, Hymenolobium me-
soamericanum, Dipteryx panamensis, Pithecellobium elegans, Hyeronima alchorneoides
(all emergents), and Minquartia guianensis (a canopy species). The study was based on
long-term measurement of individuals from all post-seedling size classes. Trees were sam-
pled from 150 ha of primary forest spanning several watersheds and soil types. To evaluate
individuals’ microsites we recorded the number of overtopping crowns, forest phase (gap,
building, mature), and crown illumination index (an estimate of the tree’s light environ-
ment). For comparison, we also evaluated the microsites of three species that have been
categorized as pioneers (Cecropia insignis, C. obtusifolia) or high-light demanders (Simarou-
ba amara).

For the six species of non-pioneers, mortality rates declined with increasing juvenile
size class. As a group, these emergent and canopy trees showed a much lower exponential
annual mortality rate (0.44%/yr at > 10 cm diameter) than has been found for the La Selva
forest as a whole. Growth rates increased with juvenile size class for all six species. As
adults (trees >30 cm in diameter), all five emergent species showed substantial annual
diameter increments (medians of 5-14 mm/yr). Small saplings and adults of all species
had significant year-to-year variation in diameter growth, with much greater growth oc-
curring in the year of lowest rainfall. Passage time analysis suggests that all six species
require > 150 yr for growth from small saplings to the canopy.

Evaluation of all nine species revealed four patterns of microsite occupancy by juveniles.
Among the non-pioneers, one species pair (Lecythis and Minquartia: Group A) was as-
sociated with low crown illumination and mature-phase forest in all juvenile stages. For
two species (Dipteryx and Hymenolobium: Group B) the smallest saplings were in pre-
dominantly low-light, mature-forest sites, but crown illumination and association with gap-
or building-phase sites increased with juvenile size (Simarouba also showed this pattern).
Two species (Pithecellobium and Hyeronima: Group C) were strongly associated with gap
or building phase as small juveniles (=4 cm diameter) and again as subcanopy trees (> 10—
20 cm diameter), but were predominantly in mature-phase sites at intermediate sizes.
Juveniles of the two pioneer species (Cecropia: Group D) showed the highest crown illu-
mination and association with gap or building sites.

Among the six non-pioneer species, only one aspect of juvenile performance clearly
varied according to microsite group. The smallest saplings (<1 cm diameter) of Groups B
and C showed significant mortality differences across a small gradient in crown illumination;
neither of the Group A species showed this pattern. Otherwise, juvenile performance was
strikingly similar among the six species. All showed a capacity for growth responses to
small increases in light, substantial height and diameter increments at higher light levels,
equal ability to survive 4-yr periods of no growth, and very low mortality rates at inter-
mediate-to-large juvenile sizes. Species differed significantly in growth rates, but relative
differences shifted with tree size and were unrelated to microsite group. These findings do
not support prevailing paradigms concerning trade-offs and correlated suites of traits. For
non-pioneer tropical trees, life history classification based on generalized concepts such as
gap dependence and shade tolerance is inadequate to describe the complex size-dependent
patterns of life history differences and similarities that exist among species.
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INTRODUCTION

Hundreds of tree species coexist in tropical rain for-
est. Do they represent many distinct structural/func-
tional guilds (Mooney et al. 1980)? Or are they com-
peting in the same fashion for resources and coexisting
largely due to chance and history (Hubbell and Foster
1986a)? The relationship between taxonomic diversity
and ecological/physiological diversity is one of the most
interesting and least understood aspects of tropical for-
est ecology.

To date, only one group of tropical wet-forest trees
has been clearly identified as sharing a common life
history: the pioneers (‘“‘short-lived pioneers,” sensu
Whitmore 1989). These species are characterized by
high fecundity, small seeds, dependence on large open-
ings for germination/establishment, high growth rates,
short life-spans, and high mortality in the shade (Swaine
and Whitmore 1988). Representative genera are 7re-
ma, Ochroma, and Macaranga. Although a distin-
guishable group, pioneers comprise only a handful of
the species in any tropical wet forest (Whitmore 1984).

For non-pioneers, which comprise the great majority
of tree species in these rich communities, data on spe-
cies performance through ontogeny are usually lacking.
In spite of the paucity of data, numerous systems for
classifying tropical tree life histories have been devel-
oped (definitions and references summarized in Clark
and Clark 1987a; see also Denslow 1987). A major
criterion in these classifications has been whether a
species “requires a gap” for “successful regeneration.”
It is commonly suggested that most canopy species of
tropical wet forests depend on gaps (Jones 1956, Schulz
1960, Hartshorn 1978, 1980, Foster and Brokaw 1982,
Brokaw 1985, Denslow 1987), and that species differ
in the size of gaps and the sites within gaps where they
can regenerate (Schulz 1960, Whitmore 1975, 1982,
Ricklefs 1977, Hartshorn 1978, 1980, Denslow 1980,
1987, Foster and Brokaw 1982, Orians 1982, Pickett
1983, Bazzaz 1984, Brokaw 1985, Sarukhan et al. 1985,
Brandani et al. 1988).

“Gap’’ and “‘shade tolerant” life history patterns for
tropical trees have been thought to involve contrasting
suites of correlated ecological and ecophysiological
traits. There is likely to be a continuum of life history
patterns among tropical wet-forest tree species (Whit-
more 1975, Denslow 1980, 1987, Brokaw 1985), as
foresters have found for temperate-zone trees (Spurr
and Barnes 1980, cf. Canham 1988). In general, how-
ever, an adaptive trade-off is expected between the
ability to survive in the understory and the capacity
for rapid growth in large gaps (Denslow 1980, 1987,
Hartshorn 1980, Bazzaz 1984, Brokaw 1985, Poulson
and Platt 1989).

Many authors have classified tropical tree species
with terms such as ‘“‘shade tolerant” or “gap depen-
dent” (e.g., Pires and Prance 1977, Hartshorn 1980,
Garwood 1983, Brokaw 1985, Lieberman et al. 1985a,
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de la Cruz and Dirzo 1987, Denslow 1987, Fetcher et
al. 1987). Because detailed data on species performance
were unavailable, these classifications were based on
opinions or qualitative observations. As a result, their
validity cannot be objectively evaluated. We know of
only four studies where species classifications were based
on published data and operational criteria. In two cases
relative shade tolerance was defined by seedling per-
formance in the shade (survival, Augspurger 1984;
growth, Popma and Bongers 1988). In the other two
studies (Hubbell and Foster 19865, 1987) species were
grouped according to the distribution of one sapling
size class with respect to subplots of differing vegetation
heights. Even in these exceptional cases, species clas-
sifications were not based on performance across all
life history stages and microsite types.

Within the rich assemblages of non-pioneer trees in
tropical wet forests, are mortality rates in the under-
story higher for the species that grow faster in gaps?
Are relative growth and mortality rates consistent
through a species’ ontogeny? Although such linkages
are often assumed, solid field data are few. The envi-
ronmental determinants of growth and survival at dif-
ferent life stages are also poorly studied. To understand
tropical tree regeneration, we believe that the following
data are needed: evaluation of the requirements for
germination and seedling establishment; study of all
juvenile size classes; assessment of performance in
measured microsite conditions over the range of sites
occupied by the species; long-term observation, par-
ticularly for analysis of suppression, survival, and mi-
crohabitat dynamics; and, preferably, comparison of
species in the same forest.

In this paper we present findings from the first 6 yr
of long-term ecological study of six canopy and emer-
gent tree species in a neotropical wet forest. Our anal-
ysis differs from previous studies of tropical tree life
histories in that we have evaluated annually the per-
formance and microsite of individuals in all post-seed-
ling size classes. The comparative data on growth, mor-
tality, and microsite through ontogeny reveal complex
patterns of life history in this suite of non-pioneer trop-
ical trees.

STUDY SITE

The study was carried out at the La Selva Biological
Station of the Organization for Tropical Studies (OTS;
Apartado 676, 2050 San Pedro, Costa Rica). La Selva,
a 1510-ha reserve, is in the Atlantic lowlands of Costa
Rica (10°26’' N, 84°00’ W), at 37-150 m above sea level.
It is contiguous with Braulio Carrillo National Park
(45 000 ha), which protects a forested transect reaching
2900 m elevation. La Selva is classified in the Hold-
ridge life-zone system as tropical wet forest (Hartshorn
1983). The mean annual rainfall is 3859 mm (OTS,
unpublished records), with an average of at least 100
mm of rain in every month. La Selva’s soils, relatively
fertile entosols and inceptisols to extensive areas of



