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ABSTRACT

This study examined processes that may maintain high tree species richness
in mixed dipterocarp forest at Gunung Palung (West Kalimantan, Indonesia). [
sampled the forest with 28 plots (0.16 ha for trees, 36 m2 for seedlings)
distributed over a 150 ha study area, and recorded 325 species of tree (= 10 cm
DBH) and 441 species of seedlings (< 1 cm DBH). The most abundant families
were the Dipterocarpaceae, Euphorbiaceae, Clusiaceae, Myrtaceae and
Mpyristicaceae. I focused on two major phenomena relevant to hypotheses of the
maintenance of species diversity: i) density dependence, and ii) species
association with habitat heterogeneity. I first assessed evidence for the
dependence of seedling survival on the abundance of conspecific trees and
seedlings over both wide (150 ha) and local (at 0.16 ha and 1 m?2) scales. At the
150 ha scale, I identified a community-level compensatory trend in seedling
survival (i.e., more abundant species had higher seedling mortality), suggesting
that community-level density dependence, or frequency dependence, is
contributing to species coexistence. On a local scale, seedling survival was
inversely related to conspecific seedling density (in 1 m2) and tree basal area (in
0.16 ha), for 5 out of 15 abundant species, and for all species combined. I also
examined species associations with habitat for trees and seedlings in the 28 plots.
I identified 3 physiographic habitat types that influenced species composition: i)
plateaus with deep humus, ii) ridges and upper slopes, and iii) gullies and lower
slopes. I found significant associations of trees with these 3 physiographic habitat

types in 24 out of 48 abundant species. Seedlings were less strongly associated



with particular habitats than adults, suggesting higher mortality of seedlings in
‘sub-optimal’ habitats. Seedlings of 8 out of 43 abundant species were also
significantly and positively associated with high light availability. Overall, the
findings constitute strong evidence that density dependent processes contribute
to coexistence in this diverse rain forest. Because species were found to respond
differently to habitat heterogeneity, it is also possible that habitat partitioning

cccurs and promotes diversity.
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Chapter 1

THE MAINTENANCE OF TREE SPECIES DIVERSITY
AT GUNUNG PALUNG

An introduction and synthesis



ABSTRACT

This study examines processes that may maintain high tree species richness in
a Bornean rain forest. In Chapter 1, I introduce hypotheses that have been
proposed to explain tree species diversity, relating the hypotheses to each other
with reference to a shared set of concepts (forming a taxonomy of hypotheses). [
focus on two major phenomena consistent with various specific hypotheses: i)
density dependence, and ii) species differences with respect to habitat
heterogeneity. The findings suggest the presence of strong density dependence
and habitat association, and I conclude that there are active mechanisms tending
to maintain high numbers of species in this forest. [ suggest avenues for further

research that will extend and develop the work in this study.



INTRODUCTION

A Bornean primeuwal forest is not formed like our European woods by any
one or at most a few kinds of trees, but of an incredible number of species. I
have never counted the number of trees growing on a measured area in a
Bornean forest; but the number is certainly very large, both in individuals and
in species.

Odoardo Beccari, 1904

The great biodiversity of the tropics has long been a fascination to biologists,
and prompts two questions: How did so many species arise in the past, and how
do these species coexist today? The former ic a question of evolution, speciation,
biogeography, and climate stability. The second question, concerning the
maintenance of species diversity, is one of ecological interactions, disturbance,
and the role of random effects in determining species abundance. It is the second
question that is the focus of this study.

In this chapter, I introduce the main hypotheses of coexistence relevant to the
maintenance of high tree diversity. I outline how these hypotheses can be
addressed in general, and how they were addressed with data collected in this
study. I then review the main findings of this research, which are laid out fully in
subsequent chapters, and assess how these data support the hypotheses, and
what community consequences might be expected. Finally, I suggest some

further empirical approaches to address the question of tropical tree diversity.



HYPOTHESES RELEVANT TO THE MAINTENANCE OF TREE SPECIES DIVERSITY

There is no shortage of hypotheses relating to the coexistence of plant species.
In a recent review of plant species diversity, Tilman and Pacala (1993) argued
that species-rich plant communities, rather than being a problem for ecologists to
solve, should be expected, given the relaxation of any of a handful of unrealistic
assumptions (e.g., constant environment, uniform habitat, uniform distribution
of individuals, no higher trophic-level interactions). However, exactly how these
assumptions are broken in rain forest tree communities, and which of the
alternative hypotheses best explain coexistence, is poorly known.

I limit my review of hypotheses to those relevant to rain forest tree
coexistence at a single site. I do not include models in which coexistence in a
metapopulation results from patterns of extinction and dispersal among
populations (e.g. MacArthur and Wilson 1967). I also do not include hypotheses
that relate patterns of species richness among sites to environmental gradients
(e.g., productivity, rainfall; Huston 1994). Finally, I do not address hypotheses of
speciation and historical biodiversity generation (Ricklefs and Schluter 1993). I
use ‘coexistence’ to mean the co-occurrence of species for long periods, without
implying the action of processes that prevent extinction. I use ‘persistence’ to
mean the indefinite coexistence of species (sensu Connell and Sousa 1983), as a
result of processes that do tend to prevent extinction. ‘Maintenance of diversity”
is used to mean any process that permits the indefinite existence of a species rich

community, whose members may be persisting, or coexisting.



A taxonomy of hypotheses

Because different hypotheses of coexistence were first proposed in the context
of a variety of ecological systems, and with different assumptions and
constraints, it can be difficult to relate one hypothesis to another in the same
system. A ‘taxonomy of hypotheses,” relating hypotheses to each other with
reference to a shared set of ‘characters’, or common concepts, would be beneficial
to understanding how the attributes and predictions of each hypothesis overlap.
As I review the various hypotheses relating to rain forest tree diversity, I place
them in one such taxonomy of hypotheses, and use it to identify particular
characteristics of the system that will facilitate the empirical separation of
hypotheses.

The characters in this classification are:

1) the degree of intra-specific density dependence experienced by species,

2) the degree of similarity in performance among species when co-occurring

and interacting within a single habitat,

3) the extent to which a system is delayed from attaining its predicted

equilibrium (by disturbance, or a shift in the environment).

An increase in the degree of any of these factors in a set of co-occurring
species is associated with an increase in the probability that the species coexist:
the more density dependence there is, or the more similar species are to each
other, or the longer a system can be delayed from equilibrium, the more the
coexistence of species is likely. A three-dimensional space can be described in
which to place hypotheses as they relate to different degrees of these concepts, or

axes (Fig. 1.1). Within this space, close to the ‘origin’, is an area where coexistence



will be unlikely: where there is little density dependence, where species are
dissimilar in performance in a common habitat, and where the system is close to
equilibrium. This area represents competitive exclusion, where the species that
performs best will exclude the others, unhindered by density dependence or
disturbance that delays exclusion. Moving away from this part of space, there is
increasing probability of coexistence, with components of increasing density
dependence, increasing species similarity, and increasingly delayed equilibria.
Hypotheses of coexistence and their relation to this classification are discussed

below.

Community drift

The essential ‘null hypothesis” for diversity in rain forest was suggested by
Hubbell (1979), in which all species are equal in their performance throughout
the forest habitat. There is no density dependence, other than the trivial limit that
no species can become more abundant that the maximum available space. The
abundances of species in such a system will tend to increase and decrease
randomly (a random walk) eventually resulting in one species remaining.
Hubbell also proposed, however, that this random elimination of species may be
so slow that speciation could add species at a rate similar to that at which they
are lost. The total number of species in this model of community drift with
speciation should reach an equilibrium, with richness set by speciation rates,
dispersal rates and the size of the community (Hubbell 1997; Fig. 1.1: A).
However, the persistence of any single species is not guaranteed. This hypothesis

remains a compelling null model in rain forest trees, which have long generation



times, generally low disturbance rates, and species that may be very similar (at

least within a guild — i.e., species of similar habit and habitat association).

Habitat partitioning

The more dissimilar species are, in their inherent density independent
performance, the more one species is likely to exclude all the others (competitive
exclusion, Fig. 1.1: B). However, if there is i) heterogeneity in the environment
(either spatial or temporal), ii) trade-offs in the performance of species in
different habitats that comprise the habitat heterogeneity, and iii) no species can
out-perform all other species in every environment, then species may persist
stabily. This habitat partitioning has the effect of introducing density dependent
population behavior: a species can increase in abundance until it is limited by
available habitat or combinations of resources, at less than 100% relative
abundance (Fig. 1.1: C).

The general concept of habitat heterogeneity and species performance trade-
offs characterizes many of the models proposed for rain forest tree coexistence.
As well as the basic case of spatial partitioning of the environment (Pacala and
Tilman 1994), it includes limitation by nutrient resource ratios (Tilman 1982,
1988, Huston and DeAngelis 1994), and regeneration niche partitioning of
temporal variation in light availability (as in canopy gaps; Grubb 1977, Denslow
1987, Brown and Whitmore 1992). Trade-offs between competitive ability in a
single environment and dispersal ability to newly created environments can also
be seen as a form of habitat partitioning, where the length of time since habitat

creation is the gradient that species are partitioning (Tilman and Pacala 1993;






