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PALEONTOLOGY

Paleontology is the study of prehistoric life through fos-
sils, the remains of once living organisms that are pre-
served in the sediments of the earth’s crust. Although
evolutionary biology has made enormous strides study-
ing living organisms, these studies see evolution only in
the thin slice of time known as “the recent.” Fossils pro-
vide the only direct evidence of 3.5 or more billion years
of the history of life, and in many cases they suggest
processes that might not be explained by what is known

i _from living organisms. Fossils provide a fourth dimen-

sion (time) to the biology of many living organisms. Al-

w=though indirect techniques such as morphological and

molecular reconstruction of phylogenies can be used to
infer the past history of life on earth, many groups of
organisms, such as conodonts and graptolites, are ex-
tinct and would be unknown were it not for the fossil
record,

Since paleontology is the study of biclogical objects
(fossils) in a geological context (the sediments in which
they were preserved), it is on the border between, and
draws from, two major branches of science. Paleontol-
ogists must be interdisciplinary in their interests and
Competent in both geology and biology. Most paleontol-
0gists specialize in a particular subdiscipline. Some-
times these subdisciplines are defined by the group of
Organisms studied. Vertebrate paleontologists study the
Temains of extinct backboned animals, including fish,
amphibians, reptiles, birds, and mammals. Invertebrate
Dbaleontologists study the remains of animals without
backbones (such as arthropods, molluscs, echinoderms,
brachiopods, bryozoans, corals, and sponges). Paleo-
botanists study the remains of ancient plants. Micropa-
leontologists specialize in a wide variety of microscopic
Organisms. These include plants (pollen, diatoms, cal-
Careous algae), animals (ostracods, conodonts, ptero-

pods), and single-celled organisms (foraminifers, radio-
larians, and many other Protists). Micropaleontology is
useful in locating fossil fuels, and many micropaleon-

. tologists are employed by the petroleum industry. Pale-
- ontologists who study “megascopic” fossils, on the other
- hand, tend to be employed by colleges and universities,

since their research is mére acadeniic in scope.
Paleontologists also define themselves by areas of
theoretical interest. Paleobiology describes any appli-
cation of biological principles to the fossil record; pa-
leobiologists study biological phenomena across many

“taxonomic groups. Paleobiogeography is the study of
' the past distribution of organisms in an attempt to un-
. derstand their origin and dispersal around the world,
"and sometimes to decipher the motions of continents
‘ and land bridges. Paleogeography seeks to determine,
- by means of the fossil record, ancient continental posi-

tions and connections. Some of the earliest evidence for
continental drift care from the similarities of fossils on
different continents.

Paleoecology is the study of ecological principles as
they apply to the fossil record. Palececologists try to
reconstruct ancient environments and the ecology of ex-
tinet organisms, Paleoclimatology is the study and re-
construction of ancient climates; the discipline uses
fossils as indicators of past environments, as well as in-
formation from geochemistry, climatic modeling, and
many other fields.

Fossils are often the only practical means of telling
time in geology. Radioisotopic decay methods, such as
potassium-argon and uranium/lead dating, work only in
rocks that have cooled down from a very hot state, such
as igneous or metamorphic rocks. Most of geological
history is contained in sedimentary rocks, which cannot
be dated by radioisotopes. Biostratigraphy uses the dis-
tribution of fossils in stratified sedimentary rocks to cor-
relate and date those rocks. Most paleontologists who
are employed by oil and coal companies as economic
paleontologists use their knowledge of the fossil record
(especially biostratigraphy) to predict the location, qual-
ity, and quantity of oil and coal resources. )

History of Paleontology. The ancient Greeks inter-
preted the giant bones of mammoths as the remains of
mythical giants, but were puzzled by seashells found
hundreds of feet above sea level and miles inland. Had
the sea once covered the land, or had these objects
grown within the rocks like crystals do? In the sixth cen-
tury.B.C., Xenophanes of Colophon saw the seashells
high in a cliff on the island of Malta and suggested that
the land had once been covered by the sea.

During the Middle Ages and Renaissance, learned
men began to speculate on the meaning of fossils, pro-
ducing a wide range of interpretations. Originally, the
word fossil (from the Latin fossilis, “dug up™) applied
to any strange object found within a rock. These in-
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PROCESSES OF FOSSILIZATION
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cluded not only the organic remains that we call fossils,
but also crystals and concretions and many other struc-
tures that were not organic in origin. Most scholars

thought that fossils had formed spontaneously within
the rock; those that resembled living organisms were
thought to have crept or fallen into cracks and then been



PALEONTOLOGY

converted to stone, Others thought that they were grown
in rocks from seeds, or were grown from fish spawn
washed into cracks during Noah’s Flood. Many scholars
thought that they were supernatural, “pranks of nature”
{lusus naturee), or “figured stones” produced by mys-
terious “plastic forces.” Still others considered them to
be works of the devil, placed in the rocks to shake re-
ligious faith. As quaint and comical as these ideas seem
to us today, in their own time they were perfectly ra-
tional for people who believed in a literal interpretation
of Genesis, and thought that the earth had been created
6,000 years previous and undergone little or no change
except for decay and degradation due to Adam’s sin,

Essentially modern concepts about fossils were first
proposed by Nicholaus Steno. Steno was the court phy-
sician to the Grand Duke of Tuscany, so he had ample
opportunity to see the shells in the rocks of the Apen-
nine Mountains above Florence, Italy. In 1666 he dis-
sected a large shark caught near the port town of Leg-
horn. A close look at the mouth of the shark showed
that its teeth closely resembled fossils known as “tongue
stones,” which had been considered the petrified tongues
of snakes or dragons. Steno realized that tongue stones
were actually ancient shark teeth, and that fossil shells
were produced by once living organisms. In 1669 Steno
published De sotido intra solidum naturaliter contents
dissertationis prodromus (Forerunner to a dissertation
on a solid naturally contained within a solid). The title
may seer peculiar at first until the central problem that
Steno faced is appreciated: how did these solid objects
get inside solid rock? Steno realized that the enclosing
material must have once been loose sand, later petrified
into sandstone. With this idea, he overturmed the long-
standing assumption that rocks were permanently formed
during the first days of Creation. Steno extended this
insight into a general understanding of the relative age
of geclogical features. Fossils that were enclosed inrock
that had been molded around them must be older than
the rock in which they were contained. On the other
hand, crystals that clearly cut across the preexisting fab-
ric of a rock must have grown within the rock after it
formed. From this, Steno generalized the principles of
superposition, original horizontality, and original conti-
nuity that are the fundamental principles of historical
geology and stratigraphy.

Although supernatural concepts of the origin of fos-
sils persisted for another century, by the mid-1700s nat-
uralistic concepts of fossils began to prevail. When the
Swedish botanist Linnaeus published his landmark clas-
sification of all life, Systema Naturae, in 1735, fossils
were treated and named as if they were living animals.
By the time of the publication of Darwin's On the Origin
of Species in 1859, the realization of the complexity of
the fossil record had reached the point where few schol-
ars took Noah's Flood literally.

The Paleontolegical Perspective. The fossilrecord
provides a unique perspective on life. Without the fossil
record, who would have imagined that the world was
once ruled by such immense creatures as the dinosaurs,
and that the seas were home to equally impressive ma-
rine reptiles? Who would have dreamed of some of the
bizarre creatures that are now extinct, from the trilo-
bites and ammonites that once dominated the seas, to
the incredible plants and animals of the land and air that
once existed? Without the fossil record, who would have
guessed that through 3 billion years (85 percent of life's
history) there were no organisms on earth more sophis-
ticated than bacteria, and no organic structures larger
than algal mats? Through most of life’s history, much
simpler ecological patterns than are seen today pre-
vailed. At one time, the land was not dominated by flow-
ering plants, insects, mammals, and birds (which are all
relatively late arrivals on this planet), but by simple
plants and (if there were land animals at all) millipedes
and spiders and scorpions, and eventually by amphibi-
ans and reptiles, Today the sea is the realm of fish and
clams and shails and crustaceans, but in the past it was
dominated by groups that are either extinct or alive but
relatively rare in the modern ocear: trilobites, nauti-
loids, brachicpods, bryozoans, and crinoids. The air was
inhabited by flying insects lnndreds of millions of years
before the first birds or bats, and even flying reptiles
preceded the first birds.

[See also Origin of Life, article on The First Fossils.]

BIBLIOGRAPHY

Bentor, M., and D. Harper, Basic Paleontology. Essex, England,
2000. Lowerlevel college text covering plants, invertebrate, and
vertebrate fossils.

Boardman, R. S, A. H. Cheetham, and A J. Rowell, eds. Fossil
Invertebrates. Palo Alto, Calif,, 1987. Highly detailed, well-illus-
trated textbook on fossil invertebrates.

Clarkson, E. N. K Inveriebrate Palaeontology and Evolution. dth

ed. Oxford, 1998. Highly detailed textbook on fossil inverte-
brates. -

Colbert, E. H., and M. Morales. Evolution qof the Vertebrates. 4th
ed. New York, 1981, General account (although cutdated) of
vertebrate evolution.

Cowen, R. 2000. History of Life. 3d ed. Oxford, 2000. Quirky book
{complete with the author's own limericks) that covers basic
ideas in the evolution of life for the general market, but does
not systematically review the major groups of fossils,

Doyle, P. Understanding Fossils. New York, 1986, Basic book on

" paleontotogy for the introductory college market.

Lipps, J., ed. Fossil Prokaryotes and Protists. Cambridge, Mass,,
1993. The rost up-to-date and well-illustrated book on micro-
fossils.

Nield, E. W,, and V. C. T. Tucker. Palaeontology: An Introduction.
Oxford, 1985, Well-illustrated textbook covering plants, inver-

tebrates, and vertebrates; more like a lab manual than a theo-.

retical textbook.

Prothero, D. R. Bringing Fossils to Life: An Introduction to Pelec-
biolegy, 2d ed. New York, 2002. Modern college-level textbook
that combines both the principles of theoretical paleobiology
with chapters suitable for a systematic lab coverage of inver-
tebrates and vertebrates (as well as plants).

Raup, D. M., and 8. M. Stanley. Pringiples of Paleontology. 24 ed.
New York, 1978. Revolutionary textbook on thecretical paleo-
biology, which changed the profession in the early 1970s. How-

ever, it does not have systematic coverage of the major groups
of fossils.

Stearn, C. W,, and R. L. Carroll. Paleontology: The Record of Life.





