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ABSTRACT

We examined the hypothesis that tropical rain forest tree species differ significantly in the degree to which their
regeneration is associated with treefall gaps. Using static and dynamic analyses, we evaluated crown light environments
and forest structure around 0.5-5 m tall saplings (N = 424) of two pioneer and seven nonpioneer tree species in
old growth tropical wet forest at the La Selva Biological Station, Costa Rica. Canopy photographs were taken with
a fisheye lens directly above all individuals. Each photograph was analyzed to calculate a Global Site Factor (GSF),
which is analogous to the percentage of photosynthetically active radiation reaching a site relative to a totally open
site. The amount and directionality of crown illumination were also estimated visually using a crown position index
(Dawkins & Field 1978, Clark & Clark 1992). Forest structure around each individual, a reflection of local disturbance
history, was categorized as gap, building, or mature.

Saplings of all nine species were found in relatively dark sites (¥ Global Site Factors 1.9-10.8%). The two pioneer
species (Cecropia) were found in higher light microsites than the other species and were significantly different from
each other. There were no significant differences in GSF among nonpioneer species. Results were similar for the direct
and diffuse components of GSF, and for the crown position index. In contrast, forest structure around saplings varied
significantly among nonpioneer species but not between Cecropia species.

For six of the nine species short-term height or diameter growth was correlated with GSF or its direct or diffuse
components. GSF was weakly but significantly correlated with sapling height and crown position.

Analyses over time showed that all nine species had progressively lower crown illumination and fewer individuals
in gap/building sites for 2—8 yr after initial encounter. Particularly steep decreases for Hyeronima and Pithecellobium
saplings indicate that these species establish under canopy openings that subsequently fill in.

Canopy photography, crown position index, and the forest structure index all provided ecologically interpretable
information. Only canopy photography distinguished between microsites of the two Cecropia species. Forest structure
and crown position indices are rapid and inexpensive methods for obtaining long-term information on microhabitats
around individual trees.

We found significant interspecific differentiation in microhabitat occupancy along a light gradient of only 0-25
percent of full sun. A crude 3-point index of forest structure revealed even further resolution. This study focused on
only three microsite variables and a restricted size range of saplings. Comprehensive understanding of tropical tree
regeneration will require long-term concurrent measurements of individual performance and associated environmental
variables for all size classes of a broad range of species.

RESUMEN

Examinamos la hipétesis de que las especies de arboles de bosque tropical hiimedo se difieren significativamente en
el grado de la relacion entre su regeneracion y claros naturales del bosque. Usando analisis estaticos y dinamicos,
evaluamos los ambientes luminicos de las copas y la estructura del bosque alrededor de arbolitos de 0.5-5 m de
altura (N = 424) de dos especies pioneras y siete especies no-pioneras en bosque tropical muy hiumedo de la Estacion
Biologica La Selva, Costa Rica. Tomamos fotografias del dosel con lente ojo de pez arriba de todos los individuos.
Cada fotografia fue analizada para calcular un factor global de sitio (Global Site Factor = GSF), lo cual es analogo
al porcentaje de radiacion fotosinteticamente activa que llega a un sitio comparado con un sitio despejado. La cantidad
y direccionalidad de la iluminacion de la copa fueron estimadas visualmente usando el indice de posicion de la copa
(Dawkins & Field 1978, Clark & Clark 1992). La estructura del bosque alrededor de cada individuo, que refleja la
historia local de pertubacion, fue caracterizada como claro, maduro, o intermedio.

Arbolitos de todas las nueve especies occurieron en sitios relativamente oscuros (promedios de GSF 1.9-10.8%).
Las dos pioneras (Cecropia) se encontraron en micrositios mas iluminados que las demas especies, y eran diferentes
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entre ellas mismas. No habian diferencias significativas entre las especies no-pioneras. Los resultados eran similares
para los analisis de los componentes directos e indirectos de GSF y para y el indice de posicion de la copa. En cambio,
la estructura del bosque alrededor de los arbolitos variaba significativamente entre las especies no-pioneras pero no
entre las dos pioneras.

Para seis de las nueve especies el crecimiento a corto plazo en diametro o altura fue correlacionado con GSF o su
componente directo o indirecto. GSF fue debil pero significativamente correlacionado con la altura del arbolito y la
posicion de la copa.

Los analisis a travéz del tiempo demostraron que todas las especies tenian copas progresivamente menos iluminadas
y con un menor porcentaje de individuos en micrositios de claro/intermedio en los 2 a 8 afios después de que fueron
encontrados. El cambio fue especialmente fuerte para arbolitos de Hyeronima y Pithecellobium, lo cual indica que éstas
especies se establecen bajo aperturas en el dosel que después se cierran.

La fotografia de doseles con lente ojo de pez, los indices de la posicion de la copa, y el de estructura de bosque,
todos proporcionaron informacion que fue interpretable ecologicamente. Solo la fotografia distingui6 entre los mi-
crositios de las dos Cecropia. Los indices de estructura de bosque y posicién de la copa son métodos rapidos y baratos
para obtener informacion a largo plazo sobre los microambientes alrededor de arboles individuales.

Encontramos una diferenciacion significativa entre las especies en cuanto a su ocupacion de microambientes a lo
largo de una gradiente de solo 0-25 por ciento de la luz de pleno sol. Un indice crudo de solo tres categorias de
estructura de bosque proporciond ain mas resolucion. Este estudio se enfocd en solo tres variables y en un ambito
restringido de tamafios. Para lograr un entendimiento comprensivo de la regeneracién de arboles de bosques tropicales,
sera necesario medir concurrentemente la supervivencia, crecimiento y microambientes de individuos a largo plazo y

para todos los tamafios de una variedad de especies.
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A CENTRAL PARADIGM OF TROPICAL TREE DEMOGRAPHY
is that species differ significantly in the degree to
which their regeneration is related to natural dis-
turbances, particularly treefall gaps (see reviews by
Hartshorn 1978; Whitmore 1984; Brokaw 1985,
1987; Clark & Clark 1987; Denslow 1987). In
this paper, we assess the extent of such differences
by analyzing microhabitats of small saplings of nine
tropical wet forest tree species. The species (Table
1) range from pioneers (Swaine & Whitmore 1988)
to species associated with nongap sites through on-
togeny (Clark & Clark 1992). We expected to find
significant differences between the pioneers and non-
pioneers in their relations to light and disturbance.
However, pioneer species typically account for only
a small fraction of the tree species in any tropical
rain forest. For understanding tropical tree regenera-
tion, it is of special interest to determine the degree
of difference between the nonpioneer species. Are
there only a few “‘major life history guilds’ (Hubbell
& Foster 1986); or, ate there in fact many ecol-
ogically distinguishable life history patterns?
There are two general approaches for evaluating
tree regeneration processes. Static analyses are based
on measuring saplings’ microenvironments at a sin-
gle time and using these ‘‘snapshots’’ to infer past
and future events (¢/. Brandani ez @/. 1988, Welden
et al. 1991). A weakness of this approach is that
it rests on currently available evidence. Events leav-
ing no lasting record may be missed, and the sig-
nificance of current conditions may be incorrectly
interpreted. Far preferable are dynamic analyses:
measuring performance and microhabitat for the
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same individuals over time. This longer-term ap-
proach has proved useful for understanding factors
affecting the regeneration of temperate zone trees,
which serendipitously preserve a record of perfor-
mance in their growth rings (¢f. Canham 1985).
For trees of tropical wet forests, where reliable an-
nual growth rings are often absent and understory
conditions can change rapidly following disturbance
(Fetcher ez 2/. 1985), studies combining simulta-
neous measurements of performance and microhabi-
tat over time are few. Here we report results from
both static and dynamic analyses of the regeneration
process for nine tree species of tropical wet forest.
In this study we focus on saplings 0.5—5 m tall.
Saplings of this size are usually ignored in forest
inventory studies, which commonly concentrate on
trees >10 c¢m in diameter (for recent examples see
studies in Swaine & Lieberman 1987 and Gentry
1990). From the perspective of trying to understand
factors affecting regeneration, studies of trees >10
cm DBH miss the vast majority of events that
determine whether an individual plant survives to
reach the canopy. At the other extreme, numerous
studies have focused on seed germination and the
factors affecting seedling establishment for tropical
trees (cf. distance to adults, Clark & Clark 1984;
seed /seedling predation, DeSteven & Putz 1984,
Howe et a/. 1985; pathogens, Augspurger 1984;
physical damage, Clark & Clark 1991; light, Turner
1990). For small saplings, however, we know of
only two published studies from tropical rain forests
(Welden ez @/. 1991, Clark & Clark 1992) where
environmental variables and individual performance
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TABLE 1.

The nine species of canopy and emergent trees for which sapling microsites were evaluated in old growth

tropical wet forest at the La Selva Biological Station, Costa Rica. Reference vouchers in the Costa Rican

National Herbarium are given in brackets.

Canopy status

Species as adult

Dipteryx panamensis (Pittier) Record & Mell Emergent
(Papilionaceae) {R. Robles 1199}

Hyeronima alchorneoides Alemad* Emergent
(Euphorbiaceae) {T. Chacdén 7511

Hymenolobium mesoamericanum Lima® Emergent
(Papilionaceae) {R. Aguilar 19}

Lecythis ampla Miers Emergent
(Lecythidaceae) [R. Robles 2208}

Pithecellobium elegans Ducke Emergent
(Mimosaceae) {B. Hammel 17319}

Mingquartia guianensis Aubl. Canopy
(Olacaceae) {G. Herrera 2250}

Simaronba amara Aubl. Canopy
(Simaroubaceae) {R. Robles 1670}

Cecropia insignis Liebm. Canopy
(Cecropiaceae) [W. Burger 11135}

Cecropia obtusifolia Bertol. Canopy /Subcanopy

(Cecropiaceae) {R. Robles 1446}

2 Hyeronima oblonga in Clark and Clark (1987).

> Hymenolobium pulcherrimum in Clark and Clark (1987).

< Pithecellobium pedicellare in Clark and Clark (1987), Oberbauer ez 4/. (1989).

have been measured concurrently for at least several
years (such studies are currently underway at several
sites). The paucity of data is particularly notable,
given the importance of the postestablishment, small
juvenile stages for understanding tree regeneration
(Wyatt-Smith 1987, Clark & Clark 1992).

An additional goal of this research was to com-
pare different techniques for assessing microhabitats.
Forest structure and understory light environments
are complex variables. They can be described with
techniques ranging from simple subjective indices
to computer analysis of remote-sensed images. Here
we evaluate the ecological information provided by
three methods that vary greatly in cost and ease of
application.

METHODS

The study was carried out in old growth lowland
forest at the La Selva Biological Station in the At-
lantic lowlands of Costa Rica (10°26'N, 84°00'W).
The forest has been classified as Tropical Wet Forest
in the Holdridge Life Zone system (Hartshorn 1983).
Rainfall averages c2 3900 mm /yr, with no month
averaging <100 mm; temperature averages 26°C
(OTS unpublished records).

The demographic data reported here are from
a long-term, landscape-scale study of canopy tree

regeneration at La Selva. Results from the first 6 yr
and a detailed description of sampling and mea-
surement protocols are given in Clark and Clark
(1992). A plotless sampling method was used to
accumulate samples of saplings of the nine study
species in an area of approximately 150 ha of old
growth forest. Within size classes, the sampling
protocols precluded bias with respect to individuals’
vigor, form, or microhabitat variables (Clark & Clark
1992).

All saplings and their microsite variables were
measured annually during 1983-91 (or from date
of first encounter, if post-1983). Diameter was mea-
sured at a permanently marked site on the stem at
0 cm, 40 cm, or 130 ¢m from the ground, de-
pending on the individual’s height and stem form.
Diameters <4 cm were measured with calipers,
those =4 cm with a diameter tape. Height was
measured with a folding ruler or a telescoping pole.
Annualized growth rates were calculated by the
formula ({second measurement — first measure-
ment}/[interval between measurements in days}) x
365. The extent and direction of crown illumination
was evaluated using Dawkins and Field’s (1978)
crown position index: 1 = no direct light; 2 =
crowns lit only from the side; 3 = partial (10-90%)
vertical illumination; 4 = full vertical illumination;
and 5 = crown fully exposed to vertical and lateral



