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aBsTRACT: Niche differentiation has been proposed as an expla-
nation for rarity in species assemblages. To test this hypothesis re-
quires quantifying the ecological similarity of species. This similarity
can potentially be estimated by using phylogenetic relatedness. In
this study, we predicted that if niche differentiation does explain the
co-opcourrence of rare and common species, then rare species should
contribute greatly to the overall community phylogenetic diversity
(PD, abundance will have phylogenetic signal, and common and
rare species will be phylogenetically dissimilar. We tested these pre-
dictions by developing a novel methad that imtegrates species rank
abundance distributions with phylogenetic trees and trend analyses,
to examine the relative contribution of individual species to the
overall community PD. We then supplement this approach with
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Introduction

A central goal in community ecology is to determine the
mechanisms underlying the relative abundances of species.
Addressing this question is particularly challenging and
interesting in diverse communities where a large propor-
tion of the species are relatively rare. Thus, basic research
into species abundances, particularly in diverse commu-
nities, requires a consideration of the forces underlying
species rarity. Two opposing families of hvpotheses have
been proposed to explain rarity in species assemblages.
One family, which focuses on niche differentiation, stresses
the importance of specialization and spatiotemporal re-



The importance - :
of being rare

Uncovering the contribution of rare species to ecosystems is crucial to predicting
the impacts of biodiversity loss. It seems that these species can be ecologically
very different from their commeon relatives, but only in some cases.

KEVIN J. GASTON

are species are not invariably threat-
Rened with imminent extinction. How-

ever, those species that are threatened
are almost invariably rare. The recent and
projected future high rates of local, regional
and global species loss have focused renewed
attention on the need to understand the role
of rare species in the structure and function
of ecological assemblages. Writing in Ameri-
can Naturalist, Mi et al." test the simple and
fundamental question that lies at the heart of
this understanding: namely, whether the rare
species within a given site are ecologically dis-
similar from the common ones.

Arguably, one can distinguish two prevail-
ing paradigms in community ecology. What
might be termed the ‘rarity-richness’ paradigm
focuses on the notion that a crucial difference
in the structure and function of broadly simi-
lar ecological assemblages (such as the plants,
birds or mammals that inhabit different grass-

of these species will have few individuals, the
number of rare species that are present™. In
this paradigm, rare species are seen as often
having key roles in the structure and function
of the assemblage, such as providing ecosys-
temn goods and services, because they are eco-
logically different from common species. As
a result, models of assemblage structure that
are based on the concept of niche differentia-
tion — an ecological process in which different
species partition available resources between
one another in space and/or time — are closely
associated with this paradigm.

The second might be termed the ‘common-
ness-dominance’ paradigm. Here, attention is
focused on the common species, rather than
the rare ones, on the grounds that common
species account for the vast majority of individ-
uals, biomass and energy use in an assemblage,
and therefore many of its essential character-
istics’. In this paradigm, species richness, and
the rare species that make up much of it, are
considered less important than the composi-

influence — commuonness is rare. Consist-
ent with this paradigm are neutral models of
assemblage structure’, in which individuals of
different species are seen as being effectively
ecologically equivalent. These models also con-
sider the process that determines which species
become common and dominate assemblages
to be essentially stochastic, or to have a strong
stochastic component.

Only in their strictest form are these para-
digms necessarily mutually exclusive. More
usefully, they can be seen as providing com-
plementary viewpoints that serve to shine a
light on ditferent components of assemblages.
Indeed, many researchers find it useful to
embed their work in one or other paradigm.
Mi and colleagues effectively ask which para-
digm is the more relevant.

Determining the ecological similarity of rare
and common species is not straightforward,
particularly when large numbers of species
are involved. In principle, this similarity can
be measured on numerous axes, including
multiple components of morphology, physi-
ology, life history and behaviour, but it is often
not obvious a priori which axes might be the
maost important. Mi et al. take a short cut, They
make the reasonable assumption that more
closely related species (those that are geneti-
cally more similar) are on average more likely
to share important traits, so that one can use
the level of relatedness as a proxy for ecological
similarity.

The authors used data from study plots
of forest dynamics for their analysis. These
plots, in which all individual trees (above
a given threshoeld size) are painstakingly
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BAYESIAN POPULATION
ANALYSIS USING

WinBUGS

A hierarchical perspective

@

INTRODUCTION TO

WInBUGS
FOR ECOLOGISTS

A Bayasian approach to regression, ANOVA,
mixed models and related analyses
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