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Introduction

The fi elds of historical biogeography and ecological biogeography have long 
been paradoxically disparate and distant from one another, with different ter-
minologies, different concepts, and almost nonoverlapping sets of researchers. 
Ecological biogeography focuses on spatial pattern in the composition and func-
tioning of ecological communities, while historical biogeography attempts to 
reconstruct the history of areas and their biotas. Although some recent steps have 
narrowed gaps a bit, the two fi elds have long been quite distinct and discon-
nected, and spatial understanding of biodiversity has suffered as a consequence.

Differences between the two biogeographies are manifold: certainly, spatial 
scale is an important one, with most of ecological biogeography focusing at 
regional scales and most of historical biogeography at continental or even global 
scales. Another important difference is in treatment of temporal dimensions, 
with ecological biogeography focused chiefl y over time spans that are geologi-
cally instantaneous (i.e., in the present), but historical biogeography looking 
from the present back over evolutionary time, sometimes many millions of 
years. Although not without signifi cant exceptions (e.g., MacArthur 1972), 
these homonymous fi elds both have important insights to offer regarding the 
geography of biodiversity, yet have developed in large part independently until 
quite recently.

In recent years, however, an emerging body of work has begun to bridge 
between the two, building toward a more synthetic biogeography. Ecologists 
looking over broader spatial extents and into history, and systematists thinking 
about environmental dimensions and interactions among species, have come to 
understand that species’ distributions are a function of phenomena from both 
realms. Detailed thinking regarding areas of distribution has also provided a 
fascinating reawakening of interest in another classic concept, that of the eco-
logical niche. In effect, understanding areas of distribution of species in terms 
of their ecological requirements across multiple scales of space and time has 
provided an arena for a meeting of these two disparate disciplines. The impres-
sive impact on both fi elds of just the fi rst few years of this interaction suggests 
that their integration will have a bright future.
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PRACTICALITIES

The past few years have witnessed substantial increases in availability of spe-
cies’ occurrence data, also termed “primary biodiversity data” or “presence 
data” or “occurrence data” (Soberón et al. 1996, Graham et al. 2004a, Soberón 
and Peterson 2004). This trend results from large-scale efforts to digitize and 
reference to geographic coordinates (“georeference”) the estimated 1–3 billion 
specimens held in world museums and herbaria (Chalmers 1996, Krishtalka 
and Humphrey 2000), as well as efforts to improve access to large observa-
tional data stores, at least for certain taxonomic groups (chapter 5). Presence 
data, as we will see in coming chapters, form the basis for most efforts to esti-
mate ecological niches. Publicly accessible Internet portals now allow access 
to on the order of 300 million primary biodiversity data records (Edwards 
2004).

Information regarding environmental variables is now similarly abundant. 
Petabytes (i.e., millions of gigabytes) of environmental information about 
 climate, topography, soils, oceanographic variables, vegetation indices, land- 
surface refl ectance, and so on, are available across almost the entire planet, and 
at increasingly fi ner resolutions (chapter 6). These datasets are being generated 
by agencies such as the European and U.S. space agencies, by the United Na-
tions, by university researchers (e.g., Hijmans et al. 2005), and by many na-
tional institutions (e.g., CONABIO 2009, INPE 2009, NRSC 2009).

Finally, powerful software allowing estimation of both areas of distribution 
and theoretical objects related to niches has been implemented. The work of 
pioneers like Grinnell, Hutchinson, and Austin suddenly became thriving re-
search areas linking ecological and historical dimensions of biogeography. In 
particular, these tools enable what has been termed “species distribution mod-
eling” (SDM; Guisan and Zimmermann 2000, Hirzel et al. 2002, Guisan and 
Thuiller 2005, Araújo and Guisan 2006), as well as the related (but by no means 
equivalent) endeavor called “ecological niche modeling” (ENM; Peterson et al. 
2002d, Soberón and Peterson 2005, Soberón 2007). These fi elds—the subject 
of this book—center on application of niche theory to questions about real and 
possible spatial distributions of species in the past, present, and future. In a 
very real sense, the availability of large quantities of data, technological devel-
opments like geographic information systems (GIS), and several computational 
tools are enabling a multitude of applications that are not only of biological 
importance, but that also can often be of extreme practical utility.

Nevertheless, many carefully pondered decisions are necessary before it is 
possible to turn these data and tools into interesting analyses and useful knowl-
edge with full scientifi c rigor. Many crucial methodological issues remain to be 
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explored and resolved, like the types of variables to be included, whether to use 
them in raw or transformed forms, whether to reduce dimensionality prior to 
analysis, what spatial and temporal resolution to use, and how best to assess 
model performance; all of these points are questions affecting niche modeling 
exercises. The answers to these practical questions depend on a rigorous con-
ceptual framework. After a period of development in which conceptual and 
methodological rigor took a back seat to rapid development of software and 
data resources, the time has come to take stock of the advances and propose a 
conceptual reorganization. All of this thinking is the subject of this book.

THIS VOLUME

We offer this volume as a fi rst synthesis of concepts in this emerging fi eld. In 
spite of hundreds of research contributions and increasing numbers of reviews 
and commentaries, no rigorous and quantitative conceptual framework and 
synthesis has been presented. This lack of synthesis is nowhere more notable 
than in the debate between groups of researchers using the same tools to ad-
dress the same questions, yet employing—whether knowingly or not—very 
distinct conceptual frameworks in the development of their analyses and con-
clusions. Such misunderstandings can be avoided, if a common language and 
thinking framework are available. This book represents the crystallization of 
years of thinking and work by a diverse suite of coauthors, all interested in the 
ecological, geographic, and evolutionary dimensions of geographic distributions 
of species.

We do not intend this book to serve as an exhaustive review of the burgeon-
ing literature on ecological niches and geographic distributions. Quite simply, 
just in the time in which we have been preparing this manuscript, hundreds of 
new papers have been published, making the idea of an exhaustive review a 
moving target that is probably impossible to achieve. Moreover, recent publi-
cation of a book by J. Franklin (2010), Mapping Species Distributions, does a 
commendable job of reviewing and synthesizing the vast literature on this 
topic. Our approach is more conceptual: we aim to offer a body of terminology 
and schemes by which to understand and discuss phenomena of distributional 
ecology; a common language is badly needed in a fi eld so rife with ill-defi ned 
jargon and loosely defi ned terms.

This book focuses on the complex relationships between ecological niches 
and geographic distributions of species, both across space and (perhaps to a 
lesser degree) through time. We provide a conceptual overview, which we hope 
will be of broad interest to researchers interested in diverse aspects of ecology, 
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biogeography, and other related fi elds. However, we focus much of this book 
on how that conceptual framework links to the emerging fi elds of ecological 
niche modeling and species distribution modeling, both correlative approaches 
to understanding ecological niches and geographic distributions.

We do not make any broad attempt to provide a similar overview or deep 
understanding of process-based, physiological approaches to estimating eco-
logical niches that other researchers are exploring—rather, we see the two ap-
proaches as complementary. The process-based approaches show considerable 
promise, and in some situations offer the only view possible into the funda-
mental ecological niches of species. However, such approaches remain in early 
stages of development and exploration. This book focuses on the correlative 
approaches, which we see as most broadly applicable to diverse questions re-
garding the ecology and geography of biodiversity phenomena.

The reader should not imagine that this process of fi nding a common lan-
guage has been easy. Indeed, even among the seven authors of this book, who 
have worked together for years, some strong differences of opinion still exist 
regarding terminologies and concepts. We have, however, achieved a high de-
gree of concordance, and have been willing to look past our colleagues’ differ-
ent views in striving for synthesis. Many of the insights that emerged from 
these debates concerned the relevance of ideas central to each of our respective 
backgrounds and skill sets, including integration of ideas from fi eld biology, 
morphology, systematics, genetics, theoretical ecology, evolutionary biology, 
statistics, climatology, and geospatial science.

The result is this volume. We begin with a conceptual framework for think-
ing about and discussing the distributional ecology of species, which has in-
volved considerable exploration of the fi eld of population ecology, and has 
required revisiting several “sacred” texts, such as the fundamental early works 
of Hutchinson and Grinnell. A second section addresses the data and tools that 
have been marshalled in the early development of this fi eld. We avoid carefully 
the temptation to review and assess specifi c software tools, as we consider 
these to be transitory and less important than the base concepts. It is much 
more important that the fi eld have a consistent terminology and thinking frame-
work than to “know” that such and such program is the “best.” (Besides, as the 
reader will see in the chapters that follow, what appears to be the “best” fre-
quently is not what it appears, and is certainly context- and scale-dependent.) 
In the fi nal section, we provide a relatively brief overview of real-world situ-
ations to which these tools have been applied, to illustrate the promise of this 
new fi eld. Our hope is to move the discourse in this fi eld to a new level, once a 
common platform of ideas is established.
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