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Introduction

The tropical rain forest
Tropical rain forest is one of the major vegetation types of the globe

(Richards 1996; Whitmore 1998). It is an essentially equatorial and strongly
hygrophilous biome as its name suggests and is found on all the continents
that the tropics touch. Tropical rain forest is defined physiognomically with
typical features being a closed, evergreen canopy of 25m or more in height
dominated by mesophyll-sized leaves, with an abundance of thick-stemmed
woody climbers and both herbaceous and woody epiphytes. Altitude has a
marked effect on forest physiognomy above about 1500m, and montane
facies have to be distinguished. The so-called tropical diurnal climate has a
temperature regime in which the major periodicity is the daily march from
night-time lows to afternoon highs. The fluctuation through the year in mean
monthly temperatures is usually of smaller magnitude than the typical daily
temperature range. Temperatures usually average at around 27 °C at lowland
weather stations in tropical rain-forest regions, and minima rarely, if ever,
enter the chilling range below 10 °C. Rainfall is generally at least 2000mm per
annum, and a month with less than 100mm is considered dry. Rain forests
can withstand dry periods though prolonged, or particularly severe, droughts
on a regular basis usually lead to drought-deciduous forest replacing the true
rain forest. Many rain forests do persist despite annual dry seasons, though
only if the trees have access to ground water in areas experiencing long
periods without rain.

Edaphic factors including soil physico-chemical properties and drainage
regime influence the floristic, physiognomic and structural characteristics of
the tropical rain-forest community strongly. Forest formations can be recog-
nised for major soil groups and inundation classes across the geographic
range of tropical rain forest. For instance, heath forest that occurs on acidic,
highly leached sands is readily distinguishable whether one is in Asia, Africa
or America.
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Tropical trees
I include in the category of tree, any free-standing plant that attains a

diameter at breast height (dbh) of at least 1 cm, as this has become the lower
limit of inclusion for a global network of tropical forest plots (Condit 1995).
Aswell as the arborescent dicotyledonous species the term tropical tree brings
to mind, I also include gymnosperms, woody monocotyledons, tree-ferns and
bananas and their kin (Table 1.1). The latter are herbaceous, but their large
size means that they can be considered trees, at least in terms of the structure
of the forest. All the other groups have many fewer species than the dicotyle-
dons, particularly the non-angiosperm classes. However, palms are an im-
portant component of most tropical forests, and dominate some forest types.
As with most ecological classifications, there are fuzzy edges to any definition
of tree. Many large woody climbers have juvenile stages indistinguishable
from tree saplings. Woody hemi-epiphytes, mostly figs (Ficus spp.), but also
species of Clusia, some Araliaceae and a few others (Putz & Holbrook 1986),
begin life as epiphytes, but grow roots down to the ground and become
terrestrial. Their host tree may eventually die and the hemi-epiphyte is left
mechanically independent: it has become a true tree.

Figure 1.1 gives a phylogeny of the seed plants to ordinal level with the
pteridophytes indicated as a sister group. It is important to note that evol-
utionary relationships of some lines remain unresolved; for instance, it is not
clear which of the gymnosperm clades gave rise to, or at least is closest to, the
angiosperms. In addition, quite a number of angiosperm families are not yet
placed within the orders, although these are mostly small. Many different
evolutionary lines are represented among extant tropical trees (Fig. 1.1), but
perhaps there is a concentration of species among the rosids and the more
basal offshoots, orders Laurales and Magnoliales.

Species
The species is most often the unit of comparative ecology, although

intraspecific comparisons of different populations can also be rewarding. If
we are comparing species we have to consider what we mean by species. The
definition has been a thorny problem in biology for many years, with con-
siderable debate over the relative merits of biological and evolutionary defini-
tions of species. From a practical point of view, it has to be realised that
ecologists researching in tropical rain forests are nearly always working with
a taxonomic species definition. They are forced to employ the species con-
cepts of the taxonomist who wrote the flora or monograph that they are
using. In most cases these are based on circumscription of morphological
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Figure 1.1 A phylogeny of the vascular plants to ordinal level (in part after
Nyffeler (1999) based on Angiosperm Phylogeny Group (1998)). Names of
orders given in bold indicate the presence of extant tropical tree species.
Names underlined indicate that a majority of extant member species are
tropical trees.
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Figure 1.2 Box-and-whisker plot of species richness for trees greater than
10 cm dbh of rain-forest sites for the major tropical regions (Asia–Pacific,
America and Africa). The line inside the box represents themean value of the
average number of species per hectare. The box extends for the range of 50%
of the values above and below the mean. The whisker covers the complete
range of the recorded values. Data from compilations by Phillips et al. (1994)
and Turner (2001).

variation to the degree that the taxonomist considered typical of a species.
Taxonomists can vary in their opinion of where to draw these lines (see, for
example, Wong (1996) for discussion of Fagraea in Borneo), leaving ecolo-
gists in the difficult position of choosing whom to follow.

Additional problems are faced with the identification of plants in the field.
The high diversity makes identification difficult. It may be annoying and
confusing to find that you have been using the wrong name for a species. For
example, many papers were published concerning Virola surinamensis on
Barro Colorado Island, Panama, but this was a mis-identification, and is
correctly Virola nobilis. What is worse is when your species contains individ-
uals of other species. This happened for a study of buttressed trees in
Malaysia (Crook et al. 1997) where one pinnate-leaved species turned out to
be several.

Tropical rain-forest diversity
Tropical rain forests are the most diverse of terrestrial ecosystems.

Many lowland forests contain more than 100 species among the trees of
10 cmdbh or over on 1 ha (Fig. 1.2), and in some more than 200 species may

6 1 Introduction
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be found. Species richness rises very rapidly with area or number of individ-
uals sampled in a forest (Fig. 1.3) and plots of 5 ha or moremay be required to
sample local diversity adequately. Topographic and edaphic variations will
often lead to landscapes of patches of different forest communities that
further add to the high diversity of a lowland tropical region. The high
diversity of species within a particular forest frequently involves the co-
existence of species in the same genus. For instance, of the 814 species
recorded in 50 ha of forest at Pasoh, Malaysia, by Manokaran et al. (1992),
82% of the species had a congeneric present in the plot, with 70% having a
congeneric in the same broad height category.

A commonly asked question, for which we are still seeking the answer, is:
why are the tropical rain forests so diverse? Various responses have been put
forward. One solution is to turn the question around. Why are extra-tropical
regions so poor in species? There is clearly a general inverse relation between
environmental harshness and diversity. The tropics have many species be-
cause it is easier to survive there than in less favourable environments.

However, this does not explain how all the tree species in the rain forest
manage to co-exist. Classic ecological theory states that species can only
co-exist if the levels of interspecific competition remain low enough to prevent
competitive exclusion of some members of the community. One way in which
this can be brought about is for all the species to occupy separate niches.
Where do all the niches come from for the co-existence of hundreds of tree
species on small areas of lowland tropical rain forest? Various mechanisms
have been put forward by which tree species could be partitioning the envi-
ronment and would thus exist in an equilibrium community. The light gradi-
ent from the shaded forest floor to the sunny canopy-top may allow
specialisation in different heights at maturity (Kohyama 1993). The horizon-
tal variation in light availability due to irregularity in canopy structure
(presence of gaps, etc.) and in soil physical and chemical properties could also
result in the subtle environmental variations needed for providing the many
niches required.

However, the lowland tropical rain forest generally contains such a large
number of species of very similar ecology that it is difficult to believe that
strict niche partitioning is occurring. Another possibility is that factors other
than niche partitioningmay prevent competitive exclusion of species from the
community. Compensatory mortality that places a ceiling on the local abun-
dance of a species has been invoked as ameans of species co-existence (Janzen
1970; Connell 1971). Species-specific causes of mortality, such as specialist
seed and seedling predators and pathogenic diseases, may control the
distribution of adult population density within the forest. Recent studies
from Barro Colorado Island in Panama showed evidence for significant
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Figure 1.3 Species–area curves for 50 ha plots at Barro Colorado Island,
Panama (closed circles), and Pasoh Forest Reserve, Malaysia (open circles).
Trees �1 cm dbh. Data from Condit et al. (1996b).

intraspecific density-dependent effects on recruitment for 67 out of 84 of the
commonest tree species in the community (Wills et al. 1997). Givnish (1999)
has argued that the fairly strong correlation between tropical rain-forest tree
species diversity and total rainfall at a site is an indication of the increasing
importance of compensatory mortality as dry spells become more infrequent
in the local climate. The increasing rarity of periods of low rainfall allows
invertebrates and plant-pathogenic organisms to maintain high population
numbers and to provide the mechanism of compensatory mortality continu-
ously.

Alternatively, the species in the forest may not have come to competitive
equilibrium. Chance is seen as the major influence on community structure in
this non-equilibrium view. There is growing evidence that recruitment limita-
tion is common among species in the rain forest (Hubbell et al. 1999). That is,
most species do not establish recruits successfully in all the sites in the forest
that they are capable of occupying, either through failure in dispersal or
through high mortality of juvenile stages. In a very species-rich community
most species are so infrequent that no given pair of species will meet often
enough for one to dislodge the other from the community through competi-

8 1 Introduction
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tion. Recruitment limitation further increases the likelihood of an individual
from a competitively inferior species reaching maturity by default.

In reality it seems likely that, to some extent, both equilibrium and non-
equilibrium forces operate in the community simultaneously. The bulk of the
diversity comes in the form of rare species that are probably not occupying
separate niches. However, there seems to be more predictability in forest
community structure than might be expected from a strongly stochastically
driven system. Long-term studies of primary forest community composition
show only minor variations, not random fluctuations, in species make-up and
relative abundance over time (see, for example, Manokaran & Swaine 1994).
Succession appears to follow relatively predictable trajectories in similar sites
(Terborgh et al. 1996). We remain uncertain of what controls or constrains
these processes. Hubbell (1997) has proposed that the main influences of
chance are on the composition of the regional species pool and the relative
abundance of species in the pool. These factors, together with environmental
tolerances, are then responsible for community composition at any place in
the region. Hubbell has produced some remarkably accurate simulations of
community composition (dominance–diversity curves) from his model. How-
ever, the mechanics of the interface between regional and local community
composition have yet to be explained in detail.

Adaptation
The fit between organisms and their environment is one of the main

fields of study of ecology. The working hypothesis is that natural selection
favours the inheritance of features that suit an individual to its typical
environment and way of life. These features are called adaptations. Compara-
tive ecologists use multi-species studies to identify strong trends for the
possession of a certain character, or suite of characters, among species in a
particular environment. This provides circumstantial evidence that an adap-
tation may be involved. Proving that a feature is an adaptation is very
difficult. It requires a demonstration that individuals with the feature are fitter
than individuals that differ solely in not having the putative adaptation.
Comparative ecologists tend to rely on the weight of circumstantial evidence
for convergent evolution rather than attempt the full burden of proof. This
has led to criticism of the so-called adaptationist programme: what Gould &
Lewontin (1979) termed the Panglossian paradigm. They argued that the
assumption of adaptation is too readily taken up, when in fact adaptation is
only one of several possible reasons for the presence of a character. Extant
species are not perfect; many features may be selectively neutral or arise
through complex interactions among different genes and the environment.

9Adaptation
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For much of the content of the remaining chapters in this book, it is difficult
to refute the charge of promoting the Panglossian paradigm because insuffi-
cient studies have been conducted to confirm adaptationist speculation. It
would be very repetitive to include warnings concerning the assumption of
adaptation at each mention of a supposedly advantageous feature, so the
reader is reminded to maintain a degree of scepticism throughout. I strongly
believe that the correlations evident from comparative studies are invaluable
as a base from which to formulate hypotheses and tests of the evolutionary
biology and ecology of tropical trees.

The importance of phylogeny
There can be no doubt that a species is strongly influenced inmany of

its characters by its antecedents. We must therefore question whether the
patterns ecologists see when they compare species, such as trees in the tropical
rain forest, are not mostly reflections of phylogenetic relationships rather
than recent ecological adaptations.

Can we estimate the degree of ‘phylogenetic constraint’ on the ecology of
species? Or can we control for the influence of phylogeny when we design
ecological experiments or observations? The answer to the first question is a
qualified ‘yes’. Techniques exist that attempt to partition interspecific vari-
ation into ‘ecological’ and ‘phylogenetic’ components, or at least filter out the
phylogenetic effects as error in the statistical model. Two main approaches
are available (Gittleman& Luh 1992). Autoregression techniques can be used
that partition variance to different phylogenetic distances within the data set,
generally by using either nested analysis of variance (ANOVA) or spatial
statistics (Moran’s I). The alternative is phylogenetically independent con-
trasts (PIC), which overcome the statistical dependence of species by restrict-
ing comparisons to adjacent branch pairs on the phylogenetic tree. The major
problem with applying these techniques is that they require a phylogeny from
which to work, although statistical ways round this have been suggested
(Martins 1996). Only recently have detailed phylogenetic analyses of the
higher plants become available, and these generally stop at the family level,
although more are becoming available within orders and families. These
phylogenies are mostly based on DNA sequences and rarely include more
than one gene, often with no more than the barest minimum of sampling per
taxon. Phylogenies drawn from data of this sort suffer frommany interpretive
problems (outlined by Donoghue & Ackerly 1996) and at present cannot be
taken as definitive. It is not surprising therefore that some ecologists have
argued that phylogenetic knowledge is still too fragmentary to consider any
meaningful attempt at partitioning ‘ecological’ and ‘phylogenetic’ factors in
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