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Introduction
Charting the Tree of Life

Many, perhaps even most, people today are comfortable with
the image of a tree as a representation of how species are
related to one another. The Tree of Life has become, we think,
one of the central images associated with life and with sci-
ence in general, alongside the complementary metaphor of
the ecological Web of Life. But this was not always the case.
Before Darwin, the reigning view was perhaps that life was
organized like a ladder or “chain of being,” with slimy “primi-
tive” creatures at the bottom and people (what else!) at the
very top. Darwin (1859) solidified in our minds the radically
new image of a tree (fig. 1.1), within which humans are but
one of many (as we now know, millions) of other species
situated at the tips of the branches. The tree, it turns out, is
the natural image to convey ancestry and the splitting of lin-
eages through time, and therefore is the natural framework
for “telling” the genealogical history of life on Earth.

Very soon after Darwin, interest in piecing together the
entire Tree of Life began to flourish. Ernest Haeckel's (1866)
trees beautifully symbolize this very active period and also,
through their artistry, highlight the comparison between real
botanical trees and branching diagrams representing phylo-
genetic relationships (fig. 1.2).

However, during this period, and indeed until the 1930s,
rather little attention was paid to the logic of inferring how
species (or the major branches of the Tree of Life) are related
to one another. In part, the lack of a rigorous methodology
(especially compared with the newly developing fields of
genetics and experimental embryology) was responsible for
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a noticeable lull in activity in this area during the first sev-
eral decades of the 1900s. But, beginning in the 1930s, with
such pioneers as the German botanist Walter Zimmermann
(1931), we begin to see the emergence of the basic concepts
that underlie current phylogenetic research. For example, the
central notion of “phylogenetic relationship” was clearly de-
fined in terms of recency of common ancestry—we say that
two species are more closely related to one another than either
is to a third species if and only if they share a more recent
common ancestor (fig. 1.3).

This period in the development of phylogenetic theory
culminated in the foundational work of the German ento-
mologist Willi Hennig. Many of his central ideas were put
forward in German in the 1950s (Hennig 1950), but world-
wide attention was drawn to his work after the publication
of Phylogenetic Systematics in English (Hennig 1966). Hennig
emphasized, among many other things, the desirability of
recognizing only monophyletic groups (or clades—single
branches of the Tree of Life) in classification systems, and
the idea that shared derived characteristics (what he called
synapomorphies) provided critical evidence for the existence
of clades (fig. 1.4).

Around this same time, in other circles, algorithms were
being developed to try to compute the relatedness of spe-
cies. Soon, a variety of computational methods were imple-
mented and were applied to real data sets. Invariably, given
the tools available in those early days, these were what would
now be viewed as extremely small problems.
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Figure I.1. The only illustration in Darwin’s Origin of Species (1859), which can be taken to be

the beginning of “tree thinking.”

Since that time major developments have occurred along
several lines. First, although morphological characters were
at first the sole source of evidence for phylogenetic analyses,
molecular data, especially DNA sequences, have become
available at an exponential rate. Today, many phylogenetic
analyses are carried out using molecular data alone. How-
ever, morphological evidence is crucial in many cases, but
especially when the object is to include extinct species pre-
served as fossils. Ultimately, of course, there are advantages
in analyzing all of the evidence deemed relevant to a particular
phylogenetic problem—morphological and molecular. And
many of our most robust conclusions about phylogeny, high-
lighted in this volume, are based on a combination of data
from a variety of sources.

A second major development has been increasing compu-
tational power, and the ease with which we can now manipu-
late and analyze extremely large phylogenetic data sets. Initially,
such analyses were extremely cumbersome and time-consum-
ing. Today, we can deal effectively and simultaneously with
vast quantities of data from thousands of species.

Beginning in the 1990s these developments all came to-
gether—the image and meaning of a tree, the underlying

conceptual and methodological developments, the ability to
assemble massive quantities of data, and the ability to quan-
titatively evaluate alternative phylogenetic hypotheses using
a variety of optimality criteria. Not surprisingly, the number
of published phylogenetic analysis skyrocketed (Hillis, ch.
32 in this vol.). Although it is difficult to make an accurate
assessment, in recent years phylogenetic studies have been
published at a rate of nearly 15 a day.

Where has this monumental increase in activity really
gotten us in terms of understanding the Tree of Life? That
was the question that motivated the symposium that we or-
ganized in 2002 at the American Museum of Natural His-
tory in New York, and which yielded the book you have in
front of you. Although it may be apparent that there has been
a lot of activity, and that a lot can now be written about the
phylogeny of all the major lineages of life, it is difficult to
convey a sense of just how rapidly these findings have been
accumulating. Previously, there was a similar attempt to pro-
vide a summary statement across all of life—a Nobel sym-
posium in Sweden in 1988, which culminated in a book titled
The Hierarchy of Life (Fernholm et al. 1989). That was an
exciting time, and the enthusiasm and potential of this en-
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Figure 1.2. A phylogenetic tree realized by Haeckel (1866),
soon after Darwin’s Origin.

deavor were expressed in the chapters of that book. But, in
looking back at those pages we are struck by the paucity of
data and the minuscule size of the analyses that were being
performed at what was surely the cutting edge of research at
the time.

It is also clear that so much more of the Tree of Life is
being explored today than only a decade ago. Now we can
honestly present a picture of the relationships among all of
the major branches of the Tree of Life, and within at least
some of these major branches we are now able to provide
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Figure 1.3. Zimmermann’s (1931) tree, illustrating the concept
of “phylogenetic relationship.”
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Figure 1.4. The conceptual phylogenetic argumentation scheme
of Hennig (1966: 91), with solid boxes representing derived
(apomorphic) and open boxes representing primitive
(plesiomorphic) characters.

considerable detail. A decade ago the holes in our knowledge
were ridiculously obvious—we were really just getting started
on the project. There are giant holes today, which will be-
come increasingly obvious in the years to come (as we learn
more about species diversity, and database phylogenetic
knowledge), but we believe that it is now realistic to conceive
of reconstructing the entire Tree of Life—eventually to in-
clude all of the living and extinct species. A decade ago, we
could hardly conjure up such a dream. Today we not only
can imagine what the results will look like, but we now be-
lieve it is attainable.

It also has become increasingly obvious to us just how
important it is to understand the structure of the Tree of
Life in detail. With the availability of better and better esti-
mates of phylogeny, awareness has rapidly grown outside
of systematic biology that phylogenetic knowledge is es-
sential for understanding the history of character change
and for interpreting comparative data of all sorts within a
historical context. At the same time, phylogeny and the
algorithms used to build trees have taken on increasing
importance within applied biology, especially in managing
our natural resources and in improving our own health
and well-being. Phylogenetic trees now commonly appear
in journals that had not previously devoted much space
to trees or to “tree thinking,” and many new tools have
been developed to leverage this new information on
relationships.
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In this volume we have tried, with the chapters in the
opening and closing sections, to highlight the value of the Tree
of Life, and then, in a series of chapters by leading experts, to
summarize the current state of affairs in many of its major
branches. In presenting this information, we appreciate that
many important groups are not covered in sufficient detail, and
a few not at all, and we know that in some areas information
will already be outdated. This is simply the nature of the
progress we are making—new clades are discovered literally
every day—and the sign of a healthy discipline. Nevertheless,
our sense is that a benchmark of our progress early in the 21st
century is a worthy exercise, especially if it can help motivate
the vision and mobilize the resources to carry out the mega-
science project that the Tree of Life presents. This would surely
be one of the most fundamental of all scientific accomplish-
ments, with benefits that are abundantly evident already and
surprises whose impacts we can hardly imagine.
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