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Since the recognition of fossils as remnants of once-living organisms by early polymaths such as
Leonardo da Vinci and Nicholas Steno, paleontology has become the clearest window into the
long history of life on Earth. During much of the nineteenth and twentieth centuries, paleontol-
ogy was primarily an observational science, focused on the discovery, naming, and description of
fossil plants and animals. Of particular note, early discoveries of dinosaurs and other large extinct
animals such as proboscideans brought the field of paleontology to the attention of the general
public, and the fascination with these strange creatures of the past has continued to grow since
that time. A parallel line of inquiry has developed through the use of fossils for working out the
succession and relative ages of sedimentary rocks worldwide, establishing a critical link to other
earth sciences and the practical utility of palaeontological research. However, especially following
the publication of Darwin’smagnum opus, paleontologists became increasingly interested in under-
standing the significance of fossils for reconstructing the history of Life through time. Starting early
in the twentieth century, many researchers focused on interpreting extinct organisms as once-living
beings and their ecological relationships with their environment and to each other. It is therefore
with the acceptance of such processes as origination, evolution and extinction within local, regional
and global frameworks, that paleontology really entered the modern era, with researchers studying
the evolution of particular groups of organisms and communities through time, and their inter-
actions within and with the biosphere. Thus, paleontology has come to represent a unique field,
providing deep-time perspectives on the biological and geological processes of our planet.

The overall purpose of the paleontological section of this journal is to promote excellence in this
area of research, focus on topics of particular interest, and publish studies that will carry the field
forward in the twenty-first century.

The study of the diversity and distribution of extinct life forms retains a central role in paleontol-
ogy, much like work on the diversity of extant organisms in biology. Although this core activity is
often denigrated as an intellectually inferior exercise by researchers primarily interested in under-
standing large-scale patterns and processes of evolution, the latter studies stand and fall on the
quality of the underlying primary morphological and taxonomic data. Fossils are unique in doc-
umenting changes over long intervals of time, and frequently have features and combinations of
features not found in extant taxa (Edgecombe, 2010). They also establish the spatial and tempo-
ral distribution of organisms. Intense reconnaissance efforts across the globe continue to uncover
vast numbers of new or little-known extinct species (Caron et al., 2014), some of which repre-
sent novel body plans. Such studies form the bedrock of the discipline, and its support through
this journal is critical for the continued vitality of the discipline. However, the nuts-and-bolts
approach to this kind of research is already being covered by the specialty journals for each sub-
discipline. The Frontier aspect of documenting the history of life on Earth is tied more to the need
to integrate the various sub-disciplines of paleontology into the broader study of the fossil record
from evolutionary and ecological perspectives (Gill et al., 2014). Increasingly, paleontologists are
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studying entire communities of extinct organisms, permitting
more holistic approaches to understanding the ecosystems in
which particular life forms or group of organisms lived and
the conditions under which they died and were preserved. This
approach to the study of the fossil record has become truly inter-
disciplinary, drawing on a wide range of physical and biological
sciences.

Since more than 99 percent of the species that ever lived
on this planet are already extinct (Raup, 1986), the number of
fossil organisms yet to be discovered remains vast. Ever since
Darwin there have been many discussions concerning the rela-
tive completeness of the fossil record over the years but numer-
ous recent studies have argued that the quality of the record
has been improving (e.g., Wills et al., 2008). Although many
aspects of plant and animal evolution have indeed been clari-
fied in recent decades, countless unresolved questions remain.
Frequently new fossils (and new approaches to their study) gen-
erate more questions than answers. There is a continuing need to
integrate new discoveries and new data into the overall evolution-
ary picture, and examine how they improve our understanding
of the evolutionary processes that led to extant life forms and
the communities that they form. Thus, major events in the his-
tory of life, including the origin, adaptive radiation, and extinc-
tion of the major clades are long-term trends that can only be
fully understood through the deep-time perspective provided by
paleontology. This continues to be a major frontier of paleon-
tology. Recent research on the origin and early diversification
of tetrapods provides a particularly impressive example (Clack,
2009).

Phylogenetic research on extant life forms is increasingly
based predominantly on molecular data. Dramatic advances in
technology have greatly facilitated acquisition and analysis of
genomic sequences and other biomolecular information. Indeed,
a few researchers have even completely dismissed the relevance
of morphological data for phylogeny reconstruction. However,
present-day organisms only represent a vanishingly small per-
centage of all life forms that ever existed on Earth, and most
fossils do not preserve biomolecules. Thus, meaningful studies
of total biodiversity must involve reciprocal illumination, repeat-
edly comparing and testing hypotheses generated frommolecular
data by comparison with morphological information from both
extant and extinct species.

Patterns of diversification and extinction, as documented by
the fossil record, not only illustrate the history of the bio-
sphere but also offer insights into possible outcomes of major
environmental changes in the future. Many researchers are now
exploring the biological consequences of the five mass extinc-
tions during the last 540 million years or so and the causative
physical processes. This is a particularly relevant field of inquiry
at a time when there is increasing concern about the impact of
anthropogenic environmental change.

In recent years the issue of climate change has received much
attention from the scientific community and the general pub-
lic. There is general agreement among researchers that climate
change profoundly affects biological systems, but it is less well-
understood how ecosystems and individual species respond to
such changes. Both of these are areas in which paleontological

research can have a major impact. Palaeoclimatic modeling is
now possible through the integration of numerous sources of
geological, biological, and chemical information, such as stable
isotopes. A greater understanding of the relationship between
climate change and the diversification and extinction of ancient
organisms and communities provides case studies for assessing
future changes in the biosphere (McInerney and Wing, 2011).
In looking at the present environmental crisis data on the time
frames and rates of changes in the geological past are vitally
important for evaluating possible responses of the biosphere to
climate changes.

The strength of paleontology is the unique contributions it can
make to the understanding of the history of life, like the discover-
ies of major groups of organisms previously unknown to science,
novel body plans, studies of rates of speciation and extinction,
and the origins of and subsequent changes in marine and conti-
nental ecosystems. The integration of the information provided
by the fossil record with geological data will continue to provide
critical new insights into such events in the history of life on earth
(Dunne et al., 2014). This journal would therefore like to pub-
lish papers that integrate geological and palaeobiological data for
testing hypotheses of major extinction events.

Other major challenges facing the discipline include keeping
up with the revolutionary changes that are occurring in the other
natural sciences, and taking full advantage of those changes for
maintaining paleontology’s role as the primary interpreter of the
history of life on Earth. Cutting-edge paleontological research
now includes computer modeling for testing hypotheses con-
cerning aspects of the biology of extinct taxa when no extant
relatives or even close analogs exist. One elegant example is test-
ing locomotory abilities in large, bipedal non-avian dinosaurs
(Hutchinson, 2004).

In the last three decades, CT scanning and related imaging
techniques (like neutron scanning) have opened up exciting new
avenues for non-destructive investigations of the structure of fos-
sils. Initially these studies were conducted on medical CT units
with relatively low resolution, but recentlymicro- and even nano-
level imaging has become possible (Sanchez et al., 2012). Histol-
ogy has also become a major tool for studying the hard tissues of
fossils (Reisz et al., 2013). In particular, this approach has facili-
tated studies of growth patterns and reconstructions of metabolic
rates in extinct vertebrates (Padian et al., 2004).

Recent advances in our understanding of the relationship
between development and evolution in extant animals have pro-
vided a new area of research. For example, understanding of
developmental regulation based on genomics combined with
geochemical data for palaeoenvironmental reconstruction has
shed much light on the initial diversification of multicellular
animals (Erwin et al., 2011). It is now possible to test, for the
first time, hypotheses of development and growth in extinct
organisms by using developmental data from extant forms.
Cutting-edge research in this area includes investigations of past
evolutionary events with molecular and developmental studies
on living organisms (Rota-Stabelli et al., 2011; Gehrke et al.,
2015).

The overarching challenge to paleontology in the coming
decades is the integration of palaeobiology with evolutionary
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biology, but with a good understanding of what evolutionary
questions can be addressed within the context of the fossil record.
Balance is key, because reductionist explanations of major evo-
lutionary events do not conform to current standards of mod-
ern evolutionary biology. It is in many ways counterproductive
to propose simple hypotheses based on single causal relation-
ships between biological or geological events and such complex
major phenomena as the co-evolution of terrestrial plants and
animals or major extinction events. Modern evolutionary biol-
ogy has revealed the complex interactions between biological

and earth systems that defy simple explanations. Bridging the
understanding of macro- and microevolutionary processes has
been a historical challenge for paleontologists and evolutionary
biologists and should continue to be the primary goal for students
in both research areas.
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